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EXECUTIVE SUMMARV

Dur ing the next 30 ~ars • to the year 2010 • the electrical demand In the
Rat lbe1t reg ion of Alaska Is expected to Incr ease fro- It s present peak demand
of about _520_JIll to ~~t~n ! OOO ~ If low eeeeeete growth Is exper ienced and
1760 HW i f high economic growth 15 experienced. this report. Volume I.- ~~ -
analyzes alternative plans far meeting this growth t n electricity delIland . The

project was commissioned by the State of Alaska with Battelle. Pacif ic
Northwest laboratories. The major effort 1n this project was the development
of models and forecasting methodologies and assoctated data bases that would
permit the State of Alaska to ~ake Its own forecasts to account for changing

economic cond itions or to \~ a l uate different scenarios. this report
i l lus t r ates the use of the models !nd methodologies based on economic forecasts
prevalent In January 1982.(a)

The analysis included generating resources wh ich could potentially
contribute to meeting the electr ical load over the time horizon of the study as
~ell as conser vat ion and consumer-installed small-scale generating resources.

The generating resources Included hydroelectric dnd those associated with the
use of oil. gas, coal , wind, wood wast~, munic ipal solid waste fuels, and t tdal

power . Nuclear plants were not considered because the ir size ranges do not

mat ch the load growths expected. In addit ion, State statutes specif ically

exclude nuclear energy production from the def init ion of power proj ects that
can be funded through the Power Development Fund (see Power AuthOrity Act as
amended 4483.230(4)). Utility-scale solar thermal plants were not considered
because of high construction costs and low capacity factor during winter peak
load periods. Peat, while a potenti ally prOMising resource, was not included
because of uncertainties relative to availability and cost of fuel-grade
supplies in the Railbelt region.

(a) Because of recent rapidly changing forecasts of 011 prices and consumption.
an addendum to the Executive Summary was ~repared which describes the
likely effects of recent forecasts on the results in this report. Such
changes were anticipated and account for the major emphasis being placed on
methodology development rather than forecasting, so that the State of
Alaska could readily update 1ts forecasts as economic conditions change.
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Six plans(a) were developed using different combinations of these

gener ation and conser vat ton options:

Plan 1A _ ·Present Practices · Wi t hout Upper Susitna - includes the

addition of about 400 ~ each of natura l gas combtned·l ..cle and coal
steam plant s , and 430 "" of hydroelectric genera tion.

Plan 18 - "Present Pract ices " With Upper Susitna a i ncl udes the
f ir st stage of Watana (680 MW) and Devil Canyon (fioo MW) dams of the
Upper Susi t na Project plus some natura l gas combustion turb ine and gas

combined-cycle capacit y.

Pl an 2A • "High Conservation and Renewables" Without Upper Susttna •
emphas ize s conservatton reneeab'les such i!lS refuse-der tv 1 fuels ( SO
"" ) and wind (l7S "" ) , as we ll as six smaller hydroelectric dams

(about 600 ""). S(IIIe nonrenewa~le resources are al so required .

Plan 28 - "High Conser vation and Renewables " With Upper Susitna ­
includes the Upper Susitna Project and lesser quanti ti es of the other
resources described in plan lA.

Plan 3 • "High Coal " a is based on a transition from existing generating
technologi es to alternatives that directly or i ndi rectly use coal as a
fuel. It asslllles that coal will be available from the Beluga area
before the end of t he decade. A small amount ( 100 MW) of hydro­
generatton is developed.

Plan 4 - "Htgh Natural Gas" • i s based upon cont inued use of natural gas
for generation in the Cook Inl et area , conversion to natura l gas i n
the Fairb anks area , and the availab il ity of Nor th Slope gas before the
end of the decade. As tn Plan 3 a small amount of hydrogeneration is
developed• .

The annual average cost of power for the six plans is shown i n t he

fo l lowing fi gure. It is difficult to discern f rCllll the f igure which plan has
the lowest costs. It is clear, however , that t he two cases ..tI tch include the

(a ) To assist the reader in identi fyi ng the content of each plan, a foldout
sheet is incl uded at the end of this report which contai ns the titles of
the plans .
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Levelized Cost of Power for the Period 1981-2010 (mills/kWh)
(1982 00l1ars)

Plan 1A - ·Present Practices·
Without Upper Susitna

Plan 18 - ·Present Practices·
With Upper Susitna

Plan 2A - ·High Conservation and
Renewables· Without Upper Susitna

Plan 28 - "High Conservation and
Renewables· With Upper Susitna

Plan 3 - ·High Coal ·

Plan 4 - · High Natural Gas·

Low
Economic
Scenario

58

58

58

57

58

57

Mediu'll
Economic
Scenario

58

58

59

58

59

59

High
Economic
Scenario

60

58

58

57

62

61

Upper Susitna Project show the lowest costs after the turn of the century as
they are amortized.

A second way to consider the elecrical energy costs is to express them as
levelized costs (the equivalent of the present worth), and these are shown in
the above table for three economic growth scenarios. Over the next 30 years
there is no significant difference in the present value of the plans as
measured by the l~v~lized cost of electrical energy to the consumer,
irrespective of economic growth. Energy costs range from a low of 5.7
cents/kWh to 6.2 cents (less than 5% difference).

There are several reasons for the similarity in consumer cost of power
'among the plans. First, given the long l~ad times in constructing generating
facilities, all plans are virtually identical until after 1990. At the 3%
discount rate used in this study, the present value of cost differences after
1990 is worth between 75% and 40% of what those differences would be if
incurred today. Second, the differences in the power generating costs actually
represent differences in generation and transmission costs only, but these tend
to be obscured by the addition of local utility billing and distribution costs,
which are assumed to be identical in all plans. Third, although there is still
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some difference among bus-bar energy costs of the var ious generating techno­
logies included in the plans, the main generation options contained in each of
the plans have fairly similar costs per kWh generated. Very high cost options
were screened. out in the selection of technologies to be included in the plans .

It is common in power planning to do all economic comparisons over the
life of the longest-lived project. In the case of Susitna, its economic l ife
extends to about 2050. Halting the analysis in the year 2010 wou ld ignore the
benefits of lower power costs after the year 2010 in plans containing Susitna.
Assuming the relative annual costs of power for the plans remained constant
from 2010 to 2050, the resu lt ing power costs were discounted and annualized to
get a levelized cost of power over the extended time horizon. These costs are
shown in the following table. The differences between the plans containing the
Upper Susitna project and the other plans are conservative because the annual
costs of power would likely be growing in the latter cases and fal ling in the
Susitna cases, not rema ining constant as assumed.

Level ized Cost of Power for the Period 1981-2050 (mills/kWh)
(1982 Dollars)

Plan 1A - "Present Pract ices"
Without Upper Susitna

Plan 18 - · Present Pract ices "
With Upper Sus itna

Plan 2A - "High Conservation and
Renewables" Without Upper Susitna

Plan 28 - "High Conservation and
Renewables" With Upper Susitna

Plan 3 - "High Coal"

Plan 4 - "High Natural Gas"

Low
Economic
Scenario

65

63

66

61

67

64

Medium
Economic
Scenario

64

59

66

61

65

66

High
Economic
Scenario

66

60

66

59

68

68

There are several important assumptions underlying these results that
relate to future fossil fuel prices, availability of Beluga coal, penetration
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of conservation options, availab ility of North Slope natural gas, and the
capital cost of major fac ilit ies . Sensit ivity analyses were performed to
evaluate the impor t ance of each assumpt ion.

1. Foss il fuel prices were assumed to escalate at three rates above
inflat ion: 2, I, and 3% per year. At lower rates of escalat ion, those
plans that rely on fossil fuels (lA, 3, and 41 are more competitive, and
vice versa. The effect of continued escalation is most pronounced over
the 10n3er term and in the high economic growth scenario . Unfortunately,
experts do not agree on whether foss il fuel prices will escalate faster,
slower, or equal to general inflation but the general consensus appears to
be that foss il f uel prices will escalate faster than general inflat ion
over the l ong term.

2. The Beluga coal resource is assumed to be developed by 196B. Failure to
develop that resource in this time frame would increase the power costs
for Plans 1A and 3.

3. Plan 2A, and to a lesser extent Plan 2B, stresses conservation and assumes
that a continuing StQte conservat ion grant program exists to encourage
conservat ion efforts.

4. Plan 4 assumes the continued availab ility of Cook Inlet gas and the
ava ilabil ity of natural gas from the North Slope by 1987. Unava ilability
of these resources for use in the Railbelt region would j eopardi ze this
plan.(al

(al The future price of natural gas is also uncertain, for example, in the
Fairbanks region. At low rates of oil price escalat ion, gas from the North
Slope could have diff icultr competing with oil in the Lower 48 states at
S10.60/MMBtu (19B2 dollars). If that is the case, then a netback price at
the North Slope could be somewhat below the max imum legal S2.13/MMBtu
assumed in the study. The minimum price would l ikely be S1.00 to Sl .50
per MMBtu, or about 50 cents to S1.00 less than assumed. Prices below th is
would lead to the gas pipeline not being built. The future pipeline tariff
cou ld follow any of a number of scenarios. The l ike liest is now considered
to be a declining tar iff that results in -4.3 percent per year change in
gas prices in Fairbanks as shown in Volume VII. The study assumed the
max imum wellhead price and constant real tariff. The lower price would
improve the competitiveness of Plan 4 vis-a-vis the other plans.
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5. Cost overruns of 20X In the Upper Susltna Project Increase the present
value of power cost in Plans IB and 2B by about 5~ . Similar overruns on
thermal electric plants have little effect on power costs.

With the exception of capital cost overruns, the plan that is most
insens itive to these assumptions is Plan 1B, wh ich includes construction of the
Upper Susitna Project . This plan provides either the lowest or nearly the
lowest cost of power in all sensit ivity tests over the extended time period.
It Is also the most res istant to infl ati on once it i s completed. From an-- -
environmental impact standpoint, it is believed that f ishery impacts can be
mitigated, though dam construction can result In signif icant boom/bust and land­
use effects.

The effect of a five-year delay In the Upper Susltna Project had little
effect on levelized power costs for Plans 1B and 2B . While not specifically
analyzed, the relat ively small difference in power costs over the 30-year
per iod suggests t hat a dec is ion on wh ich path to fo llow could be delayed for at
leas t several years without affect ing the present value of power, though the
effects on annual cost of power might be significant. The effects of project
delay on power costs appears worthy of continuing study. Delay might permit a
clearer understanding of several technical-economic Issues which could affect
the power costs of the several plans. These include :

1. The re-evaluat lon of foss il fuel pr ice esca lat ion, especially f~r oil and
gas.

2. The cost and effectiveness of conservat ion measures.

3. The compet ltlvenes of advanced fossil fuel and renewable-based generat ing
technologies.

4. The growth of electricity as an energy form compared to alternat ive forms
of energy.

5. The resolution of air pollut ion issues (e. g. , acid rain and CO2) as they
apply to foss il fuel uses.

With respect to inst i t ut ional barriers, no Federal statutes, rules, or
regulat ions absolutely prohibit implementing any of the plans, including the
use of natural gas for generating electricity in new power plants . The Alaskan
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Energy Program (as embodied in Senate Bill 25) does not preclude implementing
any of the plans, with the exception of the energy conservation option, which
appears to requ ire new authorizing legislation. Some parts of the program may
require court interpretation of the authorizing statute.
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ADDENDUM TO EXECUTIVE SUMMARY: THE EFFECT OF LOWER OIL PRICeS

The major change that has occurred since the data in the body of this
report were calculated (January 1982) relates to future world petroleum
prices. The range of increase of oil prices assumed in this study was 1~ to 3~

per year above inflation. As late as December 19S1 the Alaska Petroleum
Revenue Division (APRD) was projecting that the weighted average price of
Prudhoe Say-type crude oil would increase from $32.38 per barrel in 1982 to
$117.56 in 1995--about an S.4~ nominal rate of increase or (given 7~ inflation)
about a 1.4~ real price increase per year. The dramat ic collapse of world oil
prices in January through March of 19S2 reduced nominal crude prices by between
$4 and $6 per barrel and, among other things, divided oil analysts into two
schools of thought--those foreseeing a stabilization of prices at about $25 per
barrel and those forecasting furthpr declines to as little as $15 per barrel.
Even without substantial economic recovery in the United States and other major
developed economies, it now app~ars that the OPEC market price has stabilized
at $32 to $34 per barrel.

Industry sources now are forecasting real price increases for the 19S0s
ranging from minus 3.~ in constant dollars to plus 2.S~, with low-probability
political crises resulting in possibly higher rates of increase (Oil and Gas
Journal, May 17, 19S2). The most recent APRD forecast (March 1982) for the
weighted average price of Prudhoe Bay-type crudes is $29.S4 per barrel in 19S2
increasing to $S7.95 per barrel in 1995, or about 7~ per year (0% aoove the
assumed 7~ inflation). The netback wellhead price was assumed by APRD to
increase annually at about S.I~ in nominal dollars (1.1~ above inflation) due
to market price increases and the TransAlaska Pipeline System (TAPS) tariff.

The lower starting point for oil prices and slower rate of increase now
being forecast result in lower petroleum revenues for Alaska than were assumed
in this study. The difference between the March and December APRD forecasts
ranges from minus S.O% for 19S2 to minus 61 .~ for 1995, but it could be
greater since oil exploration activity and pipeline construction might be
deferred or cancelled at the projected lower prices. The Alaska economy, which
is heavily dependent on oil field actiVity and State spending, can be expected

to grow at a slower rate with the lower oil prices foreseen in the new



forecast. Moreover, because oil and natural gas prices would not rise as
rapidl y, the incenti ves for conservaton and for fuel switching to electricity
by consumers would be reduced , possibly further reducing electricity demand

beyond that projected for economic growth.

To est imate the effect of the St ate' s rev ised oil price projections,
calculat ions were made to determine whether the low-case (Case LL) government
expendit ures assumed in the study could be ma intained with the lower State
revenue projections. These calculat ions were made without the benefit of
Universi ty of Alaska Institute of Soc ial and Economic Research (ISER) economic
models which had been used previously. The previous ISER low-case economy,
population, and government expenditures forecasts were assumed. Other
assumpt Ions included:

• Pet roleum revenues ava ilable for disbursement equal severance taxes plus
75~ of royalties. APRD forecasts were used.

• General Fund revenues totoi the sum of available petroleum revenues,
earnings of the General Fund and Permanent Fund, plus "ot her unrestricted"
revenues (forecast to be about 1728 mill ion in FY 1985) . Th is latter
category includes other ta xes, l icenses, fees, permits , rents, inter­
governmental rece ipts, Investments, and miscellaneous. State Department
of Revenue forecasts were used to FY 1982, and for subsequent years
Increased with inflation.

• The average balance in both the General Fund and Permanent Fund earns 1~

per year throughout the forecast period.

The results of this compar ison between new revenues and old expenditures
to 199D are shown In the following table. General Funds defic its occur after
FY 1985. Since the State of Alaska cannot legally incur defic its at present, .
the level of expenditures would have to be below those previously shown in the
low case. In turn, employment and population would be reduced below that in
the low-case forecast .
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Alaska Revised State Revenues and Low Case Expenditures
(Million $)

Severance Tax General Fund
Plus 75% of General Fund (1) Expenditures Average Genera/ 2)J:L Royalties Total Revenues (Low Case) Fund Balance

1982 2717.0 4292.5 3238.5 2481.1
1983 1932.0 2941. 5 3539 .2 1863.3
1984 2315.9 3113 .4 3893.8 1090.5
1985 2695.0 3797.7 4322.9 539.8
1986 3130.8 4267.8 4913.4 -120.5
1987 3665.5 4889.9 5517 .5 -627.6
1988 3759.8 5134.8 5907.3 -772.5
1989 4243 .5 5708.1 6306.7 -598.6
1990 4294.8 5893.8 6789.5 -895.7

(1)

(2)

May not correspond to Department of Revenues estimates because of
differences in assumptions concernin9 General Fund expenditures (affect in9
the size of the balance), rate of return on General and Permanent Fund, and
9rowth in nonpetroleum production revenues.
General Fund balance is base~ on an assumed carryover from 1981 and
earnings on the average General and Permanent Funds. It is not the sum and
difference of the other columns because of carryover and fiscal
calculat ions.

To estimate the likely size of the change, the moderate (Case MM) and low­
case forecast of government employment was reduced to 40,000 persons in the
Railbelt re9ion in the years 1990 to 2000 (compared to 72,000 in the moderate
case and 62,000 in the low case). Statewide 90vernment employment was reduced
proportionately and the size of the Railbelt and statewide economies were re­
estimated for the moderate and low-case forecasts. The revised results for the
Railbelt re9ion are summar ized in the following table.

Without USin9 the ISER econometric models it is not possible to state
whether reducin9 government employment as assumed here would balance the State
budget. However, if government employment in the Railbelt in 1990 were reduced
to 40,000 and low-case government spending of $72,726 per worker for 1990 were
maintained, General Fund expenditures would be about $4.5 bi llion in 1990.
This about equals petroleum revenues for 1990, as shown in the init i al table,
and results in a substantial current General Fund ~urplus. It appears that the
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Rev ised Year 2000 Forecast of Railbelt Employment and Populat ion
(Thousands of Persons)

Revised Government Rev ised Revised Previous
Government Bas ic Plus Total () Total (b) Total

Case Employment Emp loyment Bas ic Employment a Population Population(c)

Moder ate 40 .0 56 .5 96.5 178.5 385.6 484
(HH)

Low (LL) 40.0 39.0 79.0 146. 2 315.7 405

( a) Based on the low case rat io
90vernment employment.
Based on the low case rat40
See Fi9ure 3.3.

(1.85)

(2.16)

of total employment to basic pl us

of population to employment.

budget would be in approximate balance for the level of popu lat ion and
emp loyment shown above .

The result s indicate t hat reduced oi l pr ices, throu9h the ir effects on
St ate 90vernment spend ing alone, could reduce Ra ilbelt populaton by 80,000 to
100,000 persons by the end of the century. Population of the Ra ilbelt would
not reach 400,000 (in the moderate case) until about the year 2000 to 2005,
inst ead of 1990. Th is could delay by about ten years when new electr ic
generat ing fac i l i t i es are needed.

The effect of reduced pr ices for oil on private sector deve lopment
act ivity is more diff icult to judge. It seems clear at t his time (June 1982)
that some North Slope act iv it ies will be delayed or not undertaken at all. The
construct ion effects of the Alaska Natural Gas Transportation System (ANGTS)
will be deferred unt i l 1990 at least , and other projects such as coal or
l iquifi ed natural gas (LNG) developments may experience delay or cancel ­
lation. Except for ANGTS deferral, th is "future" looks very much li ke the low
case descr ibed in the body of the report . The most likel y forecast of the
Ra i lbelt economy based on present information probably l ies between the revised
moderate and low cases. Th is forecast can be expected to change as oi l pr ices
and the economy in general change.

The effect of this revised "future" on electricity consumption for the low
and moderate cases is shown in the following table , given two additional
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Revised Moderate and Low Case Electr icity Forecasts, Railbelt

1980
1985
1990
1995
2000
2005
2010

1980
1985
1990
1995
2000
2005
2010

Revised (a) Old
Annual Energy Annual Energy

(GWh) (GWh)
Moderate ~ Moderate Low

2551 2551 2551 2551
3000 2560 3136 3028
3391 3001 4256 3853
3884 3164 4875 4063
4010 3106 5033 3988
4319 3332 5421 4278
4986 3844 6258 4936

Revised (b) Old
Peak Demand Peak Demand

(MW) (MW)
Moderate Low Moderate Low

531 521 521 521
615 525 643 621
701 621 880 797
791 652 993 837
810 673 1017 815
870 678 1092 870

1003 780 1259 1001

(al Rev ised downward based on low case annual consumption of 9.84 MWh per
capita and moderate case annual consumption of 10.40 KWh n~r capita in the
year 2000. See Appendix 8, Tables B.3, B.4, B.12 , and B.18. Other years
consumption reduced proport ionately. 1985 fi9ures was adjusted upward
judgmentally for moderate case; 1985-1995 adjusted upward for low case.

(b) Based on the rat io of peak demand to annual energy from Append ix B, Tables
B.12 and B.18.

assumptions: 1) that per capita annual electricity consumption and 2) the
rat io of peak demand to annual energy each year are the same as in the
corresponding cases in the body of this report.

Reducing electrical load in proport ion to the lowered populat ion (as i s
done in the preceding tab le) probably overestimates electrical use, since at
lower oil pr ices, more oil/gas and less electricity will l ikely be used (even
though the cost of electricity generated with oil and gas decreases somewhat) .
The reduction in demand might be greater than that shown. However,



historically, electricity demand in the Railbelt and other regions of the
country has grown faster than population and might be expected to continue to
do so because of rising real incomes, among other reasons. Moderate and low­
case annual energy consumptions for the year 2000 based on the revised "future"
and the assumptions stated above were calculated. Then the other years'
figures shown In the above table were estimated on an equal proportional
reduction from the corresponding case in the body of the report, but with some
adjustments. The year 2010 peak demand for the moderate case decreases from
1259 HW in the old case to 1003 HW in the revised case, and for the low case
from 1001 to 780. The revised moderate case does not include State spending as
a major economic driver, but it does allow for private economic 9rowth. It
approximately tracks the old low case. The revised. low case is about 2~ less,
and shows only modest growth in consumption, because neither State government
growth nor private sector growth is available to stimulate consumption. The
most likely case as viewed at present probably lies between the revised low and
moderate cases.

The majo~ change In the study conclusions relates to the Upp~~ Susitna
Project . A lower growt~ra!e mak~~_that_proJect less attractive. While still

- - -- " - -
the most res istant to inflation onc~ It is completed, its power output would be----larger than the Railbelt region could readily accommodate.--

xvi



CONTENTS

EXECUTIVE SU~ARY

AODENDUM TO EXECUTIVE S~1ARY : THE EFFECi OF LOWER OIL PRICES

FIGURES

TABLES

1.0 INTRODUCTION

2.0 FUEL PR ICE ArID AVAILABILITY

2.1 COOK INLET NATURAL GAS

2. z COAL

2.3 PEAT

2.4 NATURAL GAS INTERIOR

2.5 NATURAL GAS LIQUIDS/METHANOL

2.6 FUEL OILS .

2.7 MUNICIPAL SOLID WASTE

3.0 ANNUAL PEAK LOAD AND ENERGY REQUIREMENTS FORECASTS

3.1 OVERVIEW OF DEMAND FORECASTING PROCESS

3.2 ECONOMIC SCENARIOS

3.3 ECON~1IC MODELS

3.4 FORECASTS OF ECONOMIC AND INDUSTRIAL ACTIVITY,
POPULATION AND HOUSEHOLDS .

3.5 END USE MODEL (RAILBELT ELECTRICITY DEMAND MODEL)

3.6 ELECTRIC ENERGY DEMAND FORECASTS

4.0 ELECTRICAL ENERGY GENEPATING AND CONSERVAT ION ALTERNATIVES

4. 1 GENERATING ALTEP~ATIVES

4.1 .1 Coal-Fired Steam-Electric Plants

4.1.2 Coal Gasifier - Combined-Cycle Plants

4.1 .3 Natural Gas Combustion Turbines

xvii

iii

xi

1.1

2.1

2.4

2.4

2.5

2.6

2.6

2.6

2.7

3.1

3.1

3.3

3.6

3.7

3.7

3.9

4.1

4.1

4.4

4.5

4.6



"vb

6.3 ELECTRICAL OEt1AI<O

SENSITI VITY ANAlYSIS

Plan lA: · Present Practices · WithOut Upper Susltna

Plan 18: "Pre sent Practices· With Upper susit~a

Plan 4 : "Hi gh Natural Gas"

7. 1 ~C£RTAIm IN FOSSIL FUEL PRICE ESCAlAT t~

7.1.1 Effects of Uncerta inty i n Foun Fuel Price
Escalation on Cost of Power • •

7.1.2 Effects of l)Icertainty in Fosstl Fuel Pri ces
on QelIland for Electricity • • • •

7. 1.3 ~:r:~r~~~~~i=l~~I~~:~~:rt~~':i~~ Energy

7.2 UNCERTAINTY I N ELECTRICITY M!'1AHD FORECASTS

7 .2.1 High-High Economic Scenar i o

7.6

7. 10

7.10

7.5

7.3

6.17

6.17

6. 18

7. 1

7. 2

7. 2

7. 2

7.3

7.3

7.3

7.3

6. 17

6 .9

6 .9

6. 14

6.16

6.16

6.16

· Hi gh Conservation and Renewables ·
Without Upper Sus itna • • •

"High Conserv a t i on and Rene-ables ·
With Upper Sus ltna

"High Coal ·

Plan 28 :

Plan 3:

Plan 2A :

6.4 COST OF POWER •

6.5 POTENTIAl ENVIROfIIMEMTAl AND SOCIOECOHCJ1IC tf'PACTS

6.6 S'-Of OF PlAN EVAlUATIONS

Plan 1": "Present Practices · Without Upper Susitna

Plan 18: "Present Practices· With Upper Susitna

Plan 2" : · Hl gh Conservation and Renewables · Without
Upper Sus ltJ'la • •

Plan 28 : "Hi gh Conservation and Renewables " With
Upper Sus I tna • •

Plan 3: "High Coal ·

Plan 4: "Hi gh Natural Gas·

4. 1.4 Na t ur a1 Gas - Combi ned-Cycl e Plants '.6

4.1 . 5 Natu ra l Gas - Fuel-Cell St a t i ons ' .7

4. 1.6 Natura l Gas Fuel- Cell - Coatl1 ned- Cyc le Plants ' .7

4. 1. 7 Large and Intennediate-Sca le Hydroelectri c Plants ' .8

4.1. 8 Sma ll -Sca l e Hydroelectri c Plants 4.10

4.1.9 Hicrohydroelectri c Systems 4.10

4.1 . 10 Large Wind Energy Convers ion Systems ' .11
4.1.11 SNll Wi nd Energy Convers i on Sys t ems 4 . 11

4.1.12 Tida l Power . 4.1 2

4.1.13 Muni c ipal Sol1d Waste Fuel Steam Electric Plants 4 .13

' . 2 COOS ERVATIOH ALTERl'lATI VES 4 . 14

4.2. 1 Res idential 8uildln9 Conservat ion 4 .1 6 7.0

4.2.2 Res ident ia l Pass ive Solar Space Heat ing 4. 16

4.2 .3 Residential Active Solar Hot "'ater Heat ing 4.18

4.2 .4 Residential Wood Space Heating 4.18

4.2.5 Cogeneration and Waste Hea t Util i zati on 4 . 19

5. 0 ELECTRIC DlERGY PlA!JS 5.1

6. 0 ClJ1PARATIVE EVALUATI(J4 OF ELECTRiC ENERGY PLANS 6.1

6.1 DEVELOPMENT OF DETAIl£D ALTERNATI VE ENERGY PlANS 6. 1

6.2 DETAILED DESCRIPTIOHS OF PlANS • 6. '

6 .2. 1 Plan l A "Pre sent Pr act ices · Without Upper Susi t na 6.'
6 .2 .2 Plan 18 "Pre sent Practices · Wfth Upper Susftna 6.5

6. 2.3 Plan 2A "High Conserv at io n and Renewables .
Without Upper Susttna 6.6

6.2 .4 Plan 28 · Hi qh Conservati on and Renewables .
With Upper Susttna • • • • • . 6.7

6. 2. 5 Plan 3 · Hi gh CoaP 6.7
6. 2.6 Plan 4 "Hi gh Natural Gas" 6. 8

xv1ii



1.2 .2 LOllI-Low EconOlllic Scenario 1.13

1.2 . 3 Effects of Electrical load Growth Higher and
Lower Than Forecasted After 1990 1.14

1.2. 4 Load G~th Begins as Projected in the Medtum Economic
Growth Scenario But levels Off After 199O 1.16

1.2. 5 Load Growth Begins as Projected in the Medi ..
Ecanenic GNlWth Scenario But Increases Afte r 1990 1.l7

APPENDIX A: SUPPORTING REPORTS A.l

APPENDIX B: [£P\AHD ASSlJ4>TIOO AND FORECASTS 8.1

APP[NDlX C: LEVELl ZED COST OF POWER • c.t
APPENDIX 0: DETAILED DESCRIPTION OF MILBUT ELECTRIC ENERGY PLANS 0.1

APPE.NDIX E: LIST OF ASSIlf'TID1CS • E.l

8 .1

8. 1

7. 28

7.27

1.3 UNCERTAINTY IN COST AND AVAIlABILITY OF MAJOR ALTERNATIVES 1.18

1.3. 1 Capital Cost of Upper Susitna Project - 2m lower
and Higher Than EstiNted 1.18

1.3.2 Capital Cost of Coal Steam-Electri c Power-Capital
• Costs - 20t Higher and Lower Than EstiNted . 7.19

7.3 . 3 Penetr"at ion of Conservation Alternatives Higher
and Lower Than EstiNted 7. 20

7.3 .4 Effects of Incr"eased Themal Generating Effietency 7. 21

7.3 .5 IlIlpIct of Using Fuel -Cell CorrCined-Cycle
Generation Rather" Than Fuel-Cell Stat ions 7. 22

7.3 . 6 IlIlPIct of 501 Higher Fuel-Ce ll Sta tion and
Coa l-Gas ifier" Comined-Cycle Capita l Costs 7. 23

7.3.7 Capital Cost of Chakacharrna Hydroelectr"ic -
201 Lower and Higner Than Estimated . • 7.24

7. 3.8 Use of Healy Coal i n the Anchorage Area . 7. 25

7.3 .9 Delay i n Upper Susitna Project f rom 1993 t o 1998 7. 26

7.4 EFFECTS (lit ELECTRICITY OEHA,tm OF STATE SUBSIDIES TO COVER
CAPITAl COSTS Of NEW GENERATING FACILITIES . • • •

7.5 SENSI TIVITY TEST lpt)lI CATI<»tS .

B.O CONSIC£AATHWS FOR IMPLEMENTING ELECTRIC ENERGY PLANS

8. 1 FEDERAl CVftSTRAINTS

8.2 A H IST~ I CAl PERSPECTIVE OF PCIIER Pl.AHPlING IN AlASkA

B.3 THE CURRENT STATur~y FIW£WORK IN AlASKA

REFERENCES

8.2

8.8

'.1

xx xxi



Load Centers
1.1

1.2

2. 1

3.1

3. 2

3.3

3.4

3. 5

3.6

6.1

6. 2

6.3

6. 4

7.1

7. 2

7.3

C. I

U

C.3

D. l

~a l"'1son of Annual ized Cos t of Power for Raflbelt
£Jectr i c Energy Plans . . . . . . .

Ra tlbelt Area of Alaska Showing Electri c,l

Study Flow Diagram

Projected FUl! l Pri ces to Ra11 bt!l t Utf11t ies . 1980- Z010

Electric Power Forecasti ng Process

Economic Scenarios

Ratlbelt Population

Ra flbelt El«tricity DelIand ( RED) 'bdel

Ratlbelt Annual Electr i city Consllllption. 1980. 2010

Raflbelt Annual Peak Demand. 1980- 2010

£Jectrical Demand and Supply Int eractions

AAEEP Dia gram

Peak EJectr fcai DelIla d f
n s or Medi ......MedfUll Economic Scenar io

~f~~~f~ ~:e~U~{:~:d :cst of Power for Ra flbelt

Effect of Energy Pri ce Changes on El ec t r i ci ty Dema nd .

Sl!nSfthHy Test of Peak Demand '
with Varyfng Price Elasticf' l · Hondt~ Carlo StlllUla tf on

es an Load Fa ctors
Electri cal load Growth fl '

Beyond 1990 or "creased and Reduced Gl"'owth. . . .
AnnuaT Cost of Power and Toul Level1 Zed Cos t

Use of Ln-e1tZed Co t to . • .
s Select Lowest U fe Cycle-Cost Plan

Leveltzed Cost Heti:Odoloqy for 2010-2050 T1~ Per tod

TYPi cal Cos ts for Alternative Reserve "argfns

•
1.3

1.4

2. 3

3 .2

3.4

3.8

3.10

3 . 11

3.1 2

6 . 2

6.3

6.ID

6.11

7.7

7.11

7.1 7

C. l

C. 3

C.4

D.6

2. 1

4.1

4.2

5.1

6. 1

6. 2

7.1

7.2

7. 3

7.4

7.5

7.6

7.7

7.8

7.9

Levelized Cost of Powe r for the Period 1981-2010

leveltZed Cost of Ptwer for the Period 1981-2050

Alaska Revised St at e Revenues and low Case Expenditures

r~vised Year 2000 Forecast of Ra ilbelt Employment and
Population •

Revfs ed MOderat e and low Case El ect r ici ty Forecasts. Ra ilbe1t.

Foss il Fuel Avatlabil ity and Price

Candidate Electric Energy Generating Technolog ies
for the Railbelt

Slalary of Cost and PerfOnllance Charac t eris t ics
of Sel ect ed Alternat ives

Summa ry of Electrical Energy Alternatives Incl uded as
Future Addit ions i n Elec t ri c Energy Plans .

level 1zed Costs of Powe r for Elec tric Energy Plans

SUlIIIIiI ry of Potential Envi ronmental and seeteeeee eete
Impact s of Ratlbelt Energy Plan

Effect of Alternate Fossil Fuel Escalation Rates
on level ized Cost of Power •

Effect of Alternate Fossil Fuel Pri ce Escalat ion Rates
on Peak Electricity Demand in 2010

Default Values Used i n the REO Hodel .

Range of Elas ticities of Demand and load Factors
Used i n the RlD ftode1

Peak Demand and Annual Energy Use in 2010 for th e Med ium
and High Economic Scenari os

level ized Costs of Power for Medium and High Economic
Growth Scenar io s

Peak Demand and Annual Energy in 2010 for Medi um
and low EconOllli c Scenar i os •

leveltZed Costs of Power for Medium and low Economi c
Growth Scenarios

l evel1zed Costs of Powe r for Reduction i n Electri ca l
Demand After 1990 •

xxiU

. 1

. 11

, 11

, 11

' h

2.2

4.2

4.H

5.6

6. 1.1

6. l ~

7. 4

7.5

7.8

7 . ~

7.12

7. 12

7. 13

7.14

7. 16



t . I :

/ I,

1. I ;;

r,I:

J .14

I . 1~

I . JI,

I , 1/

I . I~

I . J'j

/ . 1 1

B. I

U

B. l

B.'

B. '

B. '

B./

. ,. · 11~1 ~~~~ 14 ' '':Ml!''' .~.. : ' e.'"'!,,~ t ., :l~':'--::.J i
~""'" t: ;4~~ .. J i"1':

:,,--,. 1f l~ :r...,: ~ ~. ~..-.o!" ~: .. '.;t~ .. :y,~ I:J'l.t _ :.t: i -:.a T
•.r.~ ,:~ to;.o: - ." lIn~ "1 ?,~" -".t:" ::S ': l'M~

L~ ,.lI l.-: -:t.,: ,:,: : 4' ~....... ~:.. ~..l :~tllI : .. ..., ~"'@ ' 1tl'!':
•...:, 1·... 1 -:r..,: ,:,: 2::'': ~ .. 1!"'O: - i ;rl! !'" ;-"d:l'! ~': 1:r.. tee

L~,'!'It I"'1 :r....,:: -:.'" =---...-......-;. ... )o!l'! l! ,:,.!t l ~ Q~ Cer!Sl!"'litTetI
J" ~ ...,,, ': l ,~ 2::': '"'1-:r-... tn-: L..-=--.", ~"" "l ::S:1 'M~

l~,'!'lf l ""': ':1;... : : " ,,~ .. !',.,. L.rM-:~ ..e..t '.~
f " :""'-- ""'41 1~"!' .. , t t ~

L~~ '!" h<!d lJJ':.t :~ p~,. f!J r Uoi t,, ? F'~ 1 ~C@ 11 CoII't. t "~Cf': le
!.n it: 'd t. ,."",. , 1'I,t " ~ 'J"!' l-~ 11 St -4 ': t afts • "Ta" 4 . • .

l "'I"!' ] I / '!''1 '/ .,:,: -; ,,!' ,,';.~,. fo ,. IIlCf"<!u'!''1 C" oH.. I Cost
t)1 ;,. "!' I -~ 11 ~ t.tIMS oJl\d CIl. '-lias lfl <! I" Contl t ne-:-Cl c1e

l~<!l t l '!'1 lJJ.. t 01 ,,~,. f or Ch• • •cnamna , Caott . l Costs
2m. l r...,. of"" "''I"'''' '' Tn.." E:st1m.ttM . •

l ""'/ '!'ll u :1 tA..t 1]1 P.~,. Js ..l,tIlI1nq t'<!.J, Coa l is Us e d
In k Chl),...~ " ru . • . . • •

L"'nll zl!'d CMt of PO\oIII!' '' AsS\IIItM W,t,n, 0. 1'1
o..1 41~ Untt l 10/1;:. • • • • •

l ",.,,,,l l z,..., Con of ~" and Pe,lI Dl!mand AsSUlIl1nq /Ik)
rAPI t.1 P"'CI)"'",ry . • •

"U..-.ptll)n~ lJ';'!'t In P. I1bl!lt Po.e" " 'tel'Tlutves Study

l . ,,'}.. (n/Sl,U,,'.1 ,I,«M l tton.1 S.ll!S and Pe.1I Den.lnd

Popul.. tl on " 'ld Tot. I [,npl 0Y"l"'nt . Med fum Sc",n. "t o
Wltht)ut Su\ ftn.

Pop" l"t lon "'ld Tot , l [lIIp loyment. Low SCl!Il.rt o
Wlthout 'iusltn"

POpuhtlon . nd t ete l ElI1)lo)'ll\l!llt. Hlqh Sc",n, r fo
Without Sus l t n,

Popul. t lon . nd Tot. 1 Eql lo)'llll!llt "Itdh... Scen. rto
Wl th 'ius ttn. • • • . '

Popu l. t lon . nd Tot.I E~l o)'llll!r.t . low SCl!ll. r t o
Wi th 'lus t tn. _.

:. 13:

1 .1 ::

; .21

7.Z2

r .ZZ

7.23

7 . Z~

7. 25

7. 2e

1.26

7.Z7

B.2

B.5

B.6

B.6

B.6

B.7

B.7

B.8

B.9

B. 10

B. 11

B. 12

B.13

8.14

B.15

B.16

B.17

8.18

B.1 9

8 . 20

B.21

B.22

B.23

B.24

B.25

Populd ton .nd Toul Employnent . Htgh Scen.rio
Vi til Sus i tn.

Popuhltion and ToUI £llplo,.,.t . NonSllSu i nable
Gove"..nt Spendf n9 • • • • • .

Population and ToU l E~lo~t . I ndus tri a lfzati on
Scen.,.io

Population and ToUl Emplo,PJent . Superh i qh Econolllfc
SCl!llario

Peak DeNnd and Ann~l Energy . ptMfWl Econe-ic
Scenario. Plan 1A

Put Demand Ind Annu. l Ene"1Y.. Ptediulll Economfc
SCl!ftarfo. Plan 18

Peat Demand and Annual Energy . Medfum Economic
Scenario . Plan 2A

Pe,k oe.and and Annual Energy . ~ium EconOMic
Scl!ftarto. Phn 28

Put DeNnd and Annual Energy . ftedium EconGllll c
Scenario. Phn 3

Peak Dl!nwInd and Annua1 Enerqy. Nedt UlII Econ(Jlll e
Scen.rio. Plan 4

Peak DeMand and Annual Energy . l ow Econontc
Scena n o. Plan 1A

Peak De-and .nd Annual Energy. low Ec~lc

Scenario. Phn 18

Peak DeNnd and Annual EnergJ . low EconGftlc
Scenario. Plan 2,1,

Pea k DeMand and Annual Energy. low Econo-lc
Scenario. Pl,n 2B

P..,k Demand and Annual Energy. low ECOllOllllc
Scenario. Pl,n 3

Peak Demand and Annual Energy. low Econc.l e
Scenario. Plan 4

Peak Demand and Annual Energy. High Economic
Scenario. Plan lA

Peak De-and and Annual Energy . High EcollOlllic
Scenario. Phn 18

B.7

B.8

B.8

B.8

B.9

B.9

B.9

B.10

B. 10

8 .10

B. 11

B.11

B.11

B.1 2

a .1 2

B.12

B.13

B.13



8 . 26

8. 21

8 . 28

•.es

8 . 30

B.31

8 .3 2

B. ))

8. 34

8 . )S

8 . ]6

8 . 37

8. ]8

8 . 39

B.40

8 .4 1

8 . 4::

8 . 43

PecJk OemcJnd cJnd Annu<lll Enerqy , Hiq h Economic
Scena rio . Phn 2A

,:le<lllt Oel!l<ll nd <lind Annu<lll Ene rqy, High EconMie
Sceee eto , Pl<l1n 28

Pe<llk Dem<lInd <li nd Annu<ll l Energy . Hign Econo~je
Scen<ll r i o , Phn )

Pe<llk OefrIcJnd <lind Annual Energy, l1iqn EconOllt c
Scenu i o . "ldn 4

Ped" Demand dnd Annual Energy, ,"ons ustd i n.t:b l e
Government Si)endi ng , Plan lA

Puk OenInd a, d Annual Ene rqy, NonsusUiinab te
Govern~t Spendi ng , Ptan I B . . •

~eak Demand and Annual Ene rgy . I ndus t ri<lll tza t fon
Scena ri o , Pl an IA

"ea k OerncJnd and AnnUcJ I Enerqy, Indus t r ta H za tion
Scendri o , Pl cJtl 18

Pedk De.<lInd and Annut l Ene rgy . Superh i gh EconOlli~
Scen. r lo . l)la n l A

PecJk Oel!l<ll nd and Annua l Enerqy, Supe rtli gh Econ(MIi c
Scena r fo . Pla n 18

Peak Den.lInd and Annual Ene rgy . No Capita l Rec ove ry ,
Plan 11.

Pea k Demand and Annua l Enerqy , No Capital Recove
nt

,
Plan 18 'J

Peak DemiI.)d and Annual Energy , lOlol Fuel Pri ces ,
Pla n lA • • • • • •

Peak OemcInd dnd An nua l Energy l ow Fuel Prices,
Pl a n 18 . . • . : .

Pe cJk Demand and Annua l Enernv, low Foel P IPte n ZA 'U r ces ,

Peak Oemdnd and Annua l Ene rnv , l ow Fuel P I
Pla n ZB "U r ces ,

Pedk tlemo!nd end Annual Ene rgy low Ft'e l Prices ,
Pl an ) • • . . :

Peak Oerrldnd and Annua 1 Ene""''', low Fue l P I
Plan 4 ' 'U.. r ces ,

8.1 3

8 . 14

8 . 14

8 .14

• 15

a . 15

B. 15

B.16

s.16

• •16

8.17

B. 17

8. 17

s.1.

8 .18

• •18

•• 19

B.19

8. 44

8 .45

8. 46

8 .47

8.48

8 .4 9

0. 1

0. 2

0. 3

0.4

0.5

0.6

0. 7

0.8

0.9

0. 10

0. 11

0.12

0.13

Peak Dem.nd and Annual Ene r gy , High Fuel Prices,
Plan lA

Peak Demand and Annual Energy. High Fuel Prices ,
Plan 18

Peak Demand a nd Annual Energy , Hi gh Fuel Prices,
Pl,n ZA

Pea k Deaand and Annual Energy , High Fuel Pr ices ,
Plan 28

Peak Demand and Annual Energy, Hi gh Fuel Pr-tces ,
Pl an 3 •

Pea k OeNnd and Annual Energy, H1gh Fuel Prtces ,
Pl an 4 •

Exi s t tng Capac ity (1 980) and Capac tty Additi ons
and Re t trenents (1981 ·2010) • Plan lA. •

Electrt city DeNnd and Gener a ti on by Type of Capacity ·
Phn 1A

In t egra ti on of Po t enti a l Environmenta l and Socioeconomic
I-oacts f or Plan l A

Exts t tn g Capacity (1 980) and Capac ity Additions
a nd Ret irements (19 8l-2010) - Plan lB .

Electri cal Gene ra ti on by Type of Capacity - Plan 18

Integratton of Pot ential Envi ronmenta l and seeteeeeeeet e
Impacts for Plan 18 •

Extsttn9 Capac ity (19 80) and Capacity Additions
and Ret irements (1981 - Z010) - Plan 2A. •

Elec trica l Generatton by Type of Capac ity· Pla n ZA

Estimated Number of Homes us ing the Conservation
Techniques •

I ntegration of Pot ent i a l Environmental and Soc i oe co nomic
Impac ts for Plan ZA • • • • • . • •

Existing Capacity ( 198O) and capaci t y Additions
and Retir"elllf!nts (1981 -2 010 ) - Plan 28 • •

El ec t r i ca l Generation by Type of Capacity· Plan 28

The Est imated Nl,IIi)er of Homes Using the Cons e rv at i on
Techn i que~ in the Yea r 2010

xxvii

B.19

8 . 20

8 . Z0

B.2o

B.21

B.21

0.3

0.4

0.19

0.2 5

0.26

0.3)

0.36

0. 31

0. 41

0.4 7

0.48

0.49

0.50



0. 14

D.I !.

0.16

0. 11

D. IS

0.1 0}

D. ZD

Integ rat ion of Potent ia l Envi ronmenta l and Soci oeconomi c
Impacts for Plan l B • . • . • • •

E. h t ing (dp.acl ty (1980) and Cap.acity Add itions and
ReUrtlllen ts (l 981-Z013) - Plan 3 . . .

Elec tri ca l Generation by TyPe of Clpacf ty _ Plan 3

Inteqrdti on of Potent ia l Envi ronment al and Socioeconcrn l
Imp.t cts for Pldn 3 . c

E. t st ~n9 Capact ty (1980) and Capacity Add itions an '
Retlrt'llt'nts (l 981-l 010) _ Plan 4 " Q

Elect rica l Generat ion by Type of Capacity. Plan 4

Integ..att en of Potent ia l E t I
JlIlpd ct s for Plan 4 . ny ronment a and Socioeconom ic

0.51

0. 53

0.5 4

0. 5'

0.60

0 .64

1.0 INTRODUCTION

One of Alaska's broad goals ts to assure an adequate , long-tent supply of

e lectrtc tty and other energy for'llls to tts ctttzens and indust r t es at the lowest
cost consistent "ith env'ronnenta l and seeteeeeeeete cons1der ations . F1nd1ng
t he -best- set of electrtcal generatton and conservation opt tons to meet this

goal ts not a s1~le undertaktng . Many potenttal generat ton and conservatton

alternat tYes eItst. Each has dtfferent costs. operat tng character tsttcs .

aval1ab t11ty. and env1rOfWenta l and see teeeeeeete 1~acts. The future

requ1rements for electrtcal power and other energy f()nlls are uncerta tn. and
long lead times are often 1nvolved In ."creas1ng capactty to meet these

requ1re-ent s . The ~nt of electrt cal pOlfer required depends on the supply

_'td price of other fuels as lIfel l as the elltent of conservation. Electrtea l
power alte,.nattves cannot be /Il'lalyzed outst de the context of tilt s 1nt e,.ac tion.
Ftnally, even tf a -best- solution 1s identified. many barrle,.s. includ1ng

Inst itut10nal factors. ~ay impede Implementatton.

UHI.ately. the c H.tzens and elected officials " tthln Alaska ...st eec t ee
.h lch set of electr ica l genera t ton and conservat ion opt ions compr ise the -best­

sol ut ion to the problem of assu,. tng adequate electr tc lty supplies tn the

future . The long-term consequences of commltttng to anyone Or a mi ll of
generat tng alternatives _ay profoundly affect how the State of Alaska develops.

To assist 1n this plann tng process . the Offte e of the bovernor. State of
Alaska. Oiviston of Polfcy Developraent ar'ld Plann ing and t he Governor's Polfcy
Rev iew Ccmntttee cont ract ed "tth Battelle. Pacific North-.est Laboratories to
1nvesttgate potential strategies f (]l'" future electrtc power development 11'1 the
Ratlbelt ~ton of Alaska. The _aj or effort In thts project was t he

develolJlent of fIOdels. forecas ting _ t hodologl es . and data bases that 'O«)uld

pe~tt the State of Alaska to _ik e tts own forecasts to account for changtng

eeeeeete conditions and technologtes. Thts M!port (Vol""e I of a series of

sevent een reports l1sted i n Appendh A) l1lustrates the use of the lIOdels and

-et hodologt es for a selected set of ass.-apt lons appropriate tn late 1981 to
ear ly 1982. It ts not a purpose of thts M!port to recOlllllend a si ngle plan or
-best - solution for t he Ratlbelt ~ton's electrtc power future. Rather It ts
a technical, eccncetc, environmental and Institut fonal analysts of a set of

1.1



st ra t eq lc :j@y@lopm@nt e lees , t xese plans an! cOllDar @d wi th reSDect to cost of
Palter, imoac t on tne physt ca l lfId !tuflan env il"'OntIleftt. and uncert! ~ nty of
" Iannlng aSS~t t ons .

The ~a t: be l t n!g Ion, s~ tn Figure 1.1 , cont a ins tnree eiec t r tce t Toad

cent er s: the ~nchOraqe-Coo. In let ~rea , the Fai rb anks- Tanana Val ley area . and
t he Glenna l1en-Valdez area . The oeak e lectr ica l load of thes e areas In 1980

..as about sao ~. h e gener at ing caDacfty is CC'qlr fs~ pr illlarf1y of gas / o l1­

f ired tur bfnes wtth ~ coa l s te.. !nd hydroe lectr fc f ac l l f t le s . Because of

t he reta t lYe ly w a1l e lec t r ic a l requ11"ell1l!nts of t he Glenna l1en-VaTdez Toad
cent er (~Zl of the demand of the AnChorage _COOk Inle t are a) i t fs not

spec lff ca l1y anal YZ @d as an lndh i dua l lOad cent er, but is cons fder ed to be
par t of ttle AnChor age-Cook Inl et lGad cent er .

The st udy ..as compr-1sed of four major t asks or act tvt t t es , as t l Iustr-at ed
In Figur e 1. 2:

• fue l sUDPJy and price an.a lys fs

• electr ica l dem.and f or ecas ts

• generat ion and conse ryat lon a lternat hes l!Ya luat 1on

• deye lolJllent of e lec t r ic energy t hellles or · fut ures · aya fl abTe to the

Ra llbe lt (Par t 1) . and SysteMS Int egr at i on/ eyaTuation of e lectr ic energy
" lans [ Per -t 2) .

Each of the task s contr ibuted data and InfQrlllat lon to the f i na l n!s ul ts of

the pro ject . but t!'ley 11 15 0 deye loPed illlPor t ant results on the a lternathe

e lec t r ic gener at i ng tec hnologfes. These res ul t s IJre Ip.c luded fn the re por t s
lis t ed In APPendh ~ .

The fi r s t task eY~ luated the pr ice and ava fJa bl lfty of fos s il f uels that
could be vs ee for e lectr ica l gener ati on or fOr end-use appl1cat ions, such as
space or lIlater heating, wh fch compet e wi th el ect r iCi ty. The resu lts of t his

task inf luence t he ana lysfs -of -a lter nathes t ask and t he e lectrical_demand
for eCas t i ng task (Fi gur e 1.2 ) . Fue'l suoply and pr ice he lp det el'"lllt ne the

se lec tI on of a lter nathes , si nce fuel p,.ices often are a lllajOl" det em i " ant of

t he cos t of Power gener ation , and some fuels are comoetl to rs with e lec t ,.icf ty

for yar-1ous end appTtcat fons. For ellamp le , i f t he pr ice of e l ectr i c ity is h ig h

1. 2
FIGURE 1. 1.

f A.lItIANKS·TANAHA

VAUJ!~V~

Ra tl bel t Area of Alaska Showi ng El ec t r ic al load Cent ers
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re lative to the price of natural ~s. then -ore new appl iclt ions will use
natural gas than i f the price of electr tcity -ere l ow relattve to the pr ice of
natural ps.

The second task. electrtc.l ·demand forecast, 1s important fn determining
both the sfze of generating units for the system and the numb~ of generating
units (or tile total) generating capac tty requtred ,

Sever a l generat ion and conservation alternathes are avat lab le to the

Aa f lbelt to -eet forec.sted electr ica l ~and. The purpose of the th ird ta sk
WlS to i dentif y electric power gene,.at tOfl and conser vat ion alter-nat h e"

potentially applt cable to t he Ratlbe lt reg ion Ind to ex.tne th e 'r f elS t btl f t1.

considertng such facto" as cost of power. l!fIy tronmental and seeteeeeeee te

effects. and publfc acceptance. Alternat tves best sufted to the region .ere

t "en st udi ed in depth and 1ncor p('lrated i nto one or tIlOre of the electric energy

the-es or plans.

The four t h task ..s per fCl"'llled i n two parts. Part 1. thl! dl!ve lopment of
electric energy thMes or plans , prestnts posstble e l ectri c ener gy · f ut ures ·

f or the Ratlbea . These plans , se lec ted f". the ana lysl$ -of - al ternat h es

task, eftCCMlPISS a wide range of viable altl!Mlat1ves available to t he ~1on .

They also fncl ude t hose f utu r es cur r ent ly rec e i vi ng the qreate'lt Interest

w1thfn the Ra1lbelt (e . g., the Upper SusHna River Project). Each plan fs

def ined by a set of electrica l gener atIon and conser vat ion alternatives

suff ic i ent to -eet the peak demand and annual energy requ1r~nts over t he tIme

horizon of the st udy (1981 to 2010) . Cost-of-power analyses also are done for

the 1981 to 2050 ttllle per i cd .

Par t 2, the :liys tetl 1nt egr at 1on/ cOlllPar at h e analysl$ tnk. c(llllpared thl!

electric energy plans . The . ajor criteria used to eva lua te and COlIlPlre the

plans ee-e cost of pOllJer , env1romental and see teecoece t c impact s . and t he
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suscepti bili t y of the plan to future uncertl tnt y In assUlllPtions
estf.ates .{a ) and

Sect torts 2 t hrough 5 of th is re port descr ibe the results of each of the
four tasks . The results of the cOlllparathe analys ts are presented in Section 6'
sens ttlv ity analyses 1n Sect 10n 1; and cons tder .t1Ort for illlplenenti l19 e l ectri c •
deland plans fn Section 8.

la) The assllllptioos used fn th l
f i nanc1al Pr'1!nltses used In :h ~:Ud: :e lis te d 1n Appendix E. COlIIllon
expressed fn January 1982 dollar: ut~we~ as foll ows: Cost est fmates are
bee on ot her bases . Project f f nan~ ' n ug cost s cf t ed fn ot her volumes may
real) cos t of debt. 1001 debt ffnang t~as assumed to be public. at 31

with those used fn recent studies s on g. These assumpt10ns are consis tent
Includ fng the Upper Susf t na stud1e/an~O;~cbYk thl.IAlaSka Power Author1ty.

00 n et t t oet Power stud1es
To ass ist the reader fn td if •
sheet contaf nl ng the t 1 t le:n~f {~ng ihe content of each plan . a foldout
repor t . e pans fs InclUded at the end of t his

1. 6

2.0 FUEL PRICE AND AVAILABilITY

One of the key COlllPO~ts 1n etect-te power cost s tn the cost of fue l fo r

geMra ting the electr1c1ty. So. f uels are free. or essenti ally free, such as

water f or hydroelectr1c hcHi ties . w1nd for wtnd t urbines . and sunli ght for

sol ar generating eevtees , sc.e fuels cceeetse only a SlIlall part of t he

genera ting cost, such as uran i.. for nuclear power plants. Fossil fuels
typically COIIlPr15e a l arge f raction of generat ing costs . Their cost s and l ong­
t erm avatlab lltty are very Impor tant cons1derat tons in developing a long-range
e lect r tc energy supply strategy .

In th i s sectt on the ava11abil 1ty and pr1ce of foss il fue ls over the

forecast period 1980 to 2010 are est imated for the Ranbe:lt req tcn, Add itiona l
deta il can be found in the Task I ftnal report for the Ra ilbelt Electrtc Power

Alternatives Study (Volume VII-Foss11 Fuel Ava11abtlity and Prtce Forecasts for

the Ratl belt Region of Alaska).

In the assessment of fue l avai lab il1ty, only the In~ state resource base ts
cons1del"@d. If the foss il f uel resource ts insuf fic t ent to supply Ala ska' s
needs , the cost of transporttng fue ls to Alaska's . arket s causes in- st at e

substi tu t es to becOllle competitive. For' examp le, the Cook Inle t nat ural gas
resour ce may be inadequate to supply the needs of the southern part of the

Rai lbel t reg ion over t he t i-e hor i zon of the study . gtven no additi onal . aj or

' inds. This gas could be: suPpl l!lllef'l t ed with htgher-cost li quif i ed natura l gas

(lNG) tmport s . but then coal. 011, and North Slope gas becOlll! conpettthe

subst t t utes .

When a cur rent pri ce for a f uel 15 not avatlable. the concept of

opport untt y cost is used to develop the base pr iLe and 'orecast. Th ts concept
provides that the resource price ts equal to th~ pr ice that the res ource will
command in an alternat ive market, l ess appropr tate transportation and handl fng

costs. Alaska ts famniar wfth this netback method of pr tce determinatfon,
wh ich Is currently used for valuation of t het r royalty gas and oil resources .

Table 2. 1 and Figure 2. 1 summar ize foss il fuel availab il ity and pr ice f aced by

Al aska electric uti lities for t he fo recast per iod .

The cost and avail abt li ty of li ght water re act or fuel are not dtscussed

because t he present gener ation of li ght water re actors are t oo l ar ge to be
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Incor por ated In t he Ral lbe l t e lectrical system. and state statutes preclude
nuc lear power use in Ala ska.

TABLE 2. 1 foss il fuel Availabil ft y and Price

Estimated
Annual RealEst imated Price/~tu Escalat ionf uel Type Reserves Ava ilab fl i ty (Januar y 1982 $) Rate

Coal

Be luga/ COOk In let 350<10(61 tens 1988 1. 48 Mine Mouth 2. 1%
~endna/lnter i or 240xlO(6) tons Presen t 1. 7S FOB Ra11 2. 0%

~dt urd l Gas

Cook ln le t 'd ) J. 9OO Bcf Presen t 0. 86 City Gat e 6.6% avq ,
~orth Slope/l nt er"ior 21.500 Bcf 1987 5.92 City Gate (b) 0liquids 3. 800 Bcf 1995

so, 2 (Dis t I ll ate ) Mequate Present 6.90 De liver ed 2.Fuel 01I

Peat (e) 1988 ( dJ 1%
"Iunic fpa l Sol Id 'l u t e

-tnchor !ge
Pr es ent

F<lI i r banks
Pres ent

2010

NO ,2FW.Oll
12" REAL ESCALATIONI

"'"IDA

Projected Fuel Pri ces to Ra ilbelt
Ut il i t ies . 19B2 S/ I'fotBtu. 1980·2010

19.0

FIGURE 2. 1.

Oft REAl ESCALATIONI,
/ /'

,-,-

,-'-
- " ;-",,,/ -

,. --- - 11'l R£AL ESCALATlONI-----
,,:' - - NORlH SlOPE

,.,..---- / Ii ...S TO INTE RIOR

COOK IPl.£T CAS-... ___________

\ - HEALY COAL
.~~ ~8ELUGA COAL

'4.11'

12.1Il

10.tIl

i '.1Il
~

~
'.1Il

' .1Il

V I>

19l1l
volume loI@ !ghted !ver <llge pr ice to AI! ska Gu .lfld Ser Vice !tid Chug<llchElec t r ic AS SOC ia t hm.

The pr ice of r40rth Slope g.ts to t he lnt er"ior is PNlb!b ty a ra nge of pri ces .
of ...n fcn $5. 92 is a max imum. It is ewec ted to decr e! se Over t he per i od of
th is s t Udy (l981. Z010l !S t he pfpe lf ne t ar iff decreases . Th is t ab le shows
t he Const <llnt pri ce used in C<llT cu la ti ons Suppor t ing t h is study. Vo l ume VII
coeta tns t he mos t curr ent th inking on expected pr ice . The net ef fe ct of
t he lower gas pr ice is not expected to Chat!"j1! e lectr ic a l ConSlJlllfJ t i on in t he
Fai r banks "eg lon. (space heat ing -..au ld be cone pr ima.. lty wi th natu r a l gas .
even at the const ant $5.92 gas price ). However . t he use of e lectr i City is
expected to incr ease 50mrewhat in the Anchor<ll(je regi on under Plan 4 -Hi gh
Natura l Gu '" s ince e lec t r ic ity gener ated "" l th lower pr i ce gas '!l i ght be
! blE; to cOlllpet e successf ull y wi th gas at nigh end r is ing pr ices t nAnchor "qe .

Estimat es of the pea t re source in the Ra fl be Tt f'"@(j fon are not cur r ently<lI va tl able .

Est imat es ..ange f r"Olll 1 to 2. 5 t imes t he pr ic e of coa l .

(e)

( d)

2. 2
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2.1 COOK INLET NAT URAL GAS

The suppl y and pr ice of Cook Inlet nat ural gas is the most complex of all
the Ra i lbelt f uels to ana lyze because contracts have established the quantity,
current price , and pr ice escala t ion rate for various portions of the gas, and
the terms of t hese cont racts di ff er . In add ition, new or incremental supplies

used to meet demand in excess of the cont racted supply can be expected to be
pr iced by t hei r opport uni ty val ue, wh i ch is the net-back from l iquid natural
gas (LNG) sa les to Japan. Determ inin g the pr ice for Cook Inlet gas requires a
f orecast of both pr ice and quant ity f rom each cont ract ual source to develop the
we ighted average gas pr ice for the region. The 'esu lts of this forecasting is
a pri ce escala t ion tha t is not cont inuous over t he f orecast period. This
uneven pr ice escalat ion is evidenced in Figure 2. 1 by t he gas 's constant price
f rom 19BO to 19B5 and i ts escalat ion over t he rest of the per iod, with stepped
increases occurring in 1990 and 1995 when major cont racts exp ire. After 1995 ,
t he gas's pr ice and escal at ion ra te are determ ined by its opportunity value

because cur rent purchase cont r act s wi ll have expired. The price of natural gas
is assumed to escalate at approximate ly 2%fas ter t han general t nf l at ior ; - t he
same real annua l ra te as for oi l . Cur rent informat ion about Cook Inl et natura l

gas reserves and total demand on t hose reser ves indicates that avai labili ty to
the Al askan mar ket cou ld become a major problem as ear ly as 1990 and most
cer t ainly by t he year 2000.

2.2 COAL

Two sources of coal are ava il ab;e to the Rail be lt . One is the Usi be l l i
mine locat ed at Healy, t he only commerc ia l mine cur rent ly producing coal in

Alaska. The second source is the Beluga coal f ie ld, which has been targeted as
a potent ia l source of supply f or the Anchorage area and as an export to
mar <ets on the Pac if i c Rim. As discussed below, the Beluga coa l fi e ld may

enter product ion about 1988. The cost of Healy coal is assumed to escalate i n
real terms at the histori cal rat e . Bel uga coa l is expected to escalate at the
same rate as ot her coal suppli es servi ng t he Pacific Rim export market, or
abuut 2. 1% annual ly in real terms .

There is uncer t a int y about when the Beluga coa l f i eld wi l l be devloped.
These coal f iel ds are now in the explorat ory and predevelopment phase. They
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have yet to produce in signifi cant quantity and t hus, from an avai la bil ity
standpoint , must be considered prospect ive. These fie lds , while conta ini ng
very l ar ge reser ves, may requi re an export ~ark et for financi ng initi al
deve1opement .

If coal-fire1 power gener ati on becomes a sign if icant f actor in the
Rail be l t , gener ati on capacity most l ikely would be ad~ed in increment s of 200
or 400 MW. While mi ne mouth coal-fi red gener at ion st ati ons of 400 MW or l arger
may be a large enough source of demand to j ust ify opening t he mine, a single
200 MW increment i s a doubt f ul incent ive , t~ken by itse lf . A firm t ake-or-pay
cont ract f or t wo milli on tons per year (an amount wh ich could suppor t 600 MW
gener at ing capac ity) woul d be adequat e incent ive , as would a lesser amount,

combi ned with fi rm cont ract s for 2 to 4 mi llion tons of export . (The rela­
ti ve ly large expor t mar ket is needed to pay for shi pping facil it ies . ) Given
t he t imi ng of add it ions to generat ion under the var ious plans, an export market
may be a necessary precursor to the avai labil i ty of Beluga coal for in-st at e

use . While the Belu ga fi elds could be deve loped f or el ectr ical generat ion
only, t he timi ng of such an operat ion would be cr i ti cal (see Vol ume VI I) .

2.3 PEAT

Alaska has subst anti al peat reserves , although these reserves have no t
been comprehensi ve ly assessed. The peat resource is a~sumed not to be
deve loped before Be luga coal. Although informat ion for peat deve lopment in

Al aska is l acki ng, a pre l iminary feasi bi li ty study (EKONO 19BO) est imates a
range of li kel y pr ices from about 1 to 2. 5 times the pr ic e of coa l on a Btu
basis, dependi ng upon the har vesti ng and process ing met hod used. The only real
escalati on l ike ly to occur is that assoc iated wi th transportat ion and handling ,
set at l ess th an 11: real annual r at e .

Based upon current resource informat ion and exi sting steam-e lect r i c
generati ng technol ogy, peat does not appear . to be a competiti ve fuel for
el ect r i ca l generat ion in the Rai1 bel t at present . However, because of the

pot ent ia l peat resources avail able with in t he area, it appears to warrant
fur t her invest igat ion as technologi es to use peat are further deve loped.
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2.4 NATURAL GAS/INTERIOR

The North Slope rese rves of natural gas are suffic ient to supply the
Al aska Natural Gas Transportat ion System (ANGTS) to capacity (2 to 2.4 Bcf/day)

for the forecast per iod. Th is gas was assumed to begin flowing in 1987. If
only Alaska 's roya lty share is diverted to serve the Fairbanks area, the supply

of gas would be abou t 100 Bc f per year. A current estimate of the delivered

price of gas to the "lower 4B" is about SlO/MHBtu in 1982 dollars with the

January 1982 maximum wellhead price of S2.13/MHBtu. The net-back provides a
"c ity- gate" pr ice to Fair banks of about S5.9UMHBtu, declining to about S2.71

as the pipel ine tariff de:lines. This gas is not scheduled to decontrol under
exi st i ng law and escalates only with the rate of inflation, its price re,"ains
const ant in real terms .

2. 5 NATURAL GAS lIQUI DS/MET HANOL

The del ivery of natura l gas l iquids (NGl ) to the Ra ilbelt depends on the
const r uct ion schedule for the AN6TS and the real price of crude oil. Current
plans cal l for const ruct ion of an NGl pipel i ne fol lowi ng the ANGTS if a cr ude
oi l pr i ce in the range of S40 to 552/bar re I (l982 do11 ars) is reached. Th i s
schedule provides for de li very of NGl in t he mid to late 1990s.

Methano l product ion is t ied closely to the ANGTS because the natura l gas
f rom that sys ten would ser ve as the feeds tock, but the t imi ng of methanol
prOduct ion appears to be t i ed to pet rochemical production that may accompany

the NGl pipe l ine. Current met hanol prices have been in the range of SO.90 to
51 . 00/ gal. The net -back pr i ce at Ala ska tidewater would range from SO.85 to
50. 95/gal or 513. 29 to 514.86/ MMBt u. This pr ice must incorporate Fairbanks
c ity-gate pr i ce for the met hane feedstock of ~S5. 92/MMBtu, suggest i ng that

product ion and t r ansportat ion costs f rom Fa irbanks to tidewater can be no
greater than 57. 34 to 58. 91 /MMBtu . Curr ent ly, methanol production is not cost

compet i t i ve with ot her f ue ls in t he "lower 48" and is not projected to become
cost compet i t i ve unt i l af ter the year 2000.

2.6 FUEL OILS

Ref ined petroleum produc t s are the only fuels in whi ch Alaska is currentl y
not self -suf ficient . Alaska ' s royalty share of crude oi l production is

2.6



suff ic ient to meet in- st ate consumpt ion at least through the year 2000, but
ref ined products are impor ted because of insuff ic ient ref inery capaci t y. The
supply of No . 2 fuel oil s is not bel ieved to be a problem through the fore cast

period, however. The current pr ice of ~ S6 . 90/MMBtu for fuel oil is a good
indicat or of its current opportunit y val ue, especially in view of the recent
pr ice decontrol on oil. Fuel oil (and crude oil ) are expected to escalate at a
2l annua l real rat e , as shown in Table 2. 1. Figure 2. 1 al so shows the pr ice of
No. 2 f uel oil over the forecast per iod for real annual escal at ion ra tes of 1%
and 3%.

2. 7 MUNICIPAL SOL ID WASTE

The muni cipal sol id waste (MSW) , i n suff ic ient Quant i ti es to support
elect ri ci ty genera ti on, is l imited to t he t wo mun ic ipalit i es of Anchorage and
Fa irbanks . The resource has three probl ems : 1) limited ava ilability,

reQui r ing MSWto be mixed with ot her fuels for electr ic ity genera t ion, 2)

seasonal var iat ions (more waste is genera t ed in the summer than in the winter),
and 3) limited storage li f e . However , it has two offsett ing factors : 1) zero
cost since there is no value olaced on the waste, and di sposal cos t s already
exi st to waste producers (a) , and 2) esca lat ion is expected in onl y
transpor ta t ion and handl ing. A l imi ted amount of MSW-based genera tion appears
fe as ible .

To summar ize , coa l will be the leas t expensive fossil f ile I for electrical
genera tion over the time span of t he study, and beyond. There is an ample

reserve of coal , and if the Beluga coa l fi e ld is opened, i t will lower the
pr ice even furth er . Nat ural gas is t he next least expensive fuel. An adeQuate
supp ly for Rai lbelt purposes depends on the avai la bili ty of North Slope
re sourc es . The most expens ive conventional fue l is No.2 fuel oi l. Other
f ue ls havi ng potent i al for elec t ri city generation inc lude peat and munici pal
sol id wast e.

(a) MSWas fuel might c laim a negati ve price dependi ng on the relat ive
magnitude of coll ecti on cost s and the offset di sposal costs.
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3.0 ANNUAL PEAK LOAD AND ENERGY REQUIREMENTS FORECASTS

The second consideration in developing the electric energy plans for the
Railbelt region is a forecast of electr ical demand. Forecasts typically take
into account the following factors :

• future economic and population growth

• future changes in the age, size, and energy-use characteristics of
households

• future growth in commercial bu ild ing stock

• future pr ice and ava ilabil ity of fuels that compete with electr icity for
such end uses as space and water heating (e.g., fuel oil, natural gas, and
wood)

• appl ication of conservation measures

• public policy actions directly affecting energy demand or the cost of
power

• potentially new, large uses of electric power in industrial applications.

Since groups of these factors may interact in complex ways to produce a range
of possible (but not equally plausible) forecasts, computer models were
developed to determine how these factors individually and jointly affect demand
est imates. The models, together with certain key assumptions concerning
Alaska's economy and public policy and world prices for fossil fuels, produced
forecasts of electricity demand at five-year intervals beginning 1980.

3.1 OVERVIEW OF DEMAND FORECASTING PROCESS

The electric ity demand forecast ing process used in th is study is
illustrated in Figure 3.1. It contains two steps. The first combines
scenar ios (economic and policy assumptions) with economic models to produce
forecasts of future economic and indust r i al activity, population, ard
households in the Railbelt region. The second step comb ines these forecasts
with data on current end uses of electric ity in the residential sector , the
size of the Railbelt commercial bu i lding stock, the cost and performance of
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conservation, assumptions concerning the future prices of electricity and other
fuels, and future new uses of electricity, to produce demand forecasts.

These data and assumptions are entered into a computer-based electricity
demand forecasting model cal led the Railbelt Electricity Demand (RED)
MOdel.(a) The RED model generates forecasts of the amount of housing and

commercial floor space (including government bu ildings), their energy use as
affected by cost of the energy, and the proportion of energy used as

electr icity. Major industrial and mil itary electr ical energy demand and
miscellaneous uses, such as street light ing, are est imated separately. (b)
These forecasts and estimates are adjusted for energy conservation policies and
combi ned by the model into forecasts of f ut ure annual demand for electric
energy for each of the Railbelt's load cent ers (F igure 1.1). Annual peak loads
are derived from the annual demand. The peak loads are added together and
mul ti pl ied by a divers ity factor ( to adjust for the fact that peak loads do not
coi nc ide in time) to der ive the peak demand for the Railbelt.

The projected cost of power affects these forecasts. The demand for power

affects the size , number , and cost of generat ing facilit ies, wh ich in turn
aff ect s the cost of power . Several int er at ions through the RED model with a
s ingle set of economi c assumptions and varying cos t s of power are required to
produce a final forecast , as descr ibed in Sect ion 6.0.

Each of the forego ing step s in the Demand Forecasting Process is descr ibed
in greater detail in the following sect ions .

3. 2 ECONOMIC SCENARIOS

The econom ic scenarios used to produce the demand forecasts are shown in
Figure 3.2. The scenarios are char act er ized by combinat ions of assumptions
concerning private economi c activ ity and St at e of Alaska fiscal policy. The
private economic assumpt i ons are princ ipally composed of assumed levels of
deve lopment in Alaska's basic or export sector . (A summary of the private
sect or projects and growth rat es is contained in Appendix B to th is report .

(a)
(b)

A complete descr iption of the RED model is conta ined in Volume VIII.
The forecasts produced for th is report do not include military electr ical
consumption or indust ri al self-generated electricity because ne ither is
assumed to be part of the electr ic ut il it y load addressed in this study .
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Additiona l deta il can be fo und In GoldSlll1th and Porter (1981) . VollJ1le IX. a

report on the Ratlbelt econcny done for t his study by the Un iversity of Alaska

Institute of Sochl and Econonfc Rese arch.) Ttt! f ut ure spendi ng of the St at e

of Alaska is expected to be a major driving for ce In the Ala skan econMy during

t he t ime hori zon for this s tudy (1980 to 2010) . Different levels of State

s pendi ng In each foreclst .)'@ar eeee ISsUllled . The fo llowing aSSl.IllPtions are

. ade for the th ree baste scenarios:

PRIVATI ECONOMI CACTIVITY

HI'"

HIt, 1H

N.H., 1M. CC

11

• High - State spending (bas tc operatt llg and capital budget) grtlW~ at 1.5
t ime~ t he gr owth rate of real per capita inc ome i n Ala~ka .

• Moderate - State spending grows at the ~ame r at e a~ rea l per capita

teceee,

• low - State ~pendfng Is con~tant t il rea l per cap Ua teres (fa l ls as a

percent of real per capUa i ncome).

COIlblnation~ of private eccnca tc activ tty and St at e fisca l poli cy were chosen

f or analysis (Figure 3.2) . The combinations of hi gh eeenee te gr owth and high

State spendi ng. moderate growth and spending. and low growth and spend tng

consti tute the bastc scenarios . The high case (c ase HH) has been given a

subj ec t ive prob ab11ity of 0.05 to 0. 10; t hat is . there is a 5 to 101 chance

that eeeeee te growth wi11 exceed th is t e-e t , The lIlOder ate case (case Jt1) is

given a ~ubJect ive probabili ty of 0.5 . There is a SOl chance that growt h ",111

be at lea~t th is la rge , and a SOl chance t hat U w11 1 be l ess . The low case

(c ase LL) 1s given a sooj ec tf ve probability of 0.9 t o 0.95 . There is a 90 t o

951 chance t hat economtc growth ",111 be at least this large. wUh a 5 to lOS

chance that It ",11 1 be less .

Severa l addi tional cas es were selec t ed to test the sen~l tf vUy of the

ass~ti ons. The fi r~t t wo cases . Cases SH and 1M. eeesure the effect of _ajor

industrializat ion projects on the Ral1b e lt' s ecnMIIIY, population . and

e lectr ical demand . Ca) Severa l large Indus t r ia l energy users were added to

LOW""OWIE

IM- WIIJERAJ( ECON:lMIC
GRtMTH. MOD£RAl! STATE
SP£HOI HG. PlUS EXTRA
INDUSTRIALIZATION
PRQICTS

CC- MOD€RAl[ ECONOMIC
GROWTH, POf-SUSTA.INABU
5P[HIUt«;

LL- LOllI' ECONOMICGROWlH.
LOW 57Al( S~OIJrlC

ECOnollliC Scenar ios

""OWIE

FIGURE 3. 2.

HH - HIGH [CON:lMIC GROWlll
HIGH STAT(SPfNDINC •

SH- HIGH [COfrI)MICGRDWTH
HIGH STAn S~D INC. .
PlUS EXTRA
INDUSTRIAlIV-T10H
PROJECTS

MM - MOOEHAT[ ECONOMIC
GIlOlmt. W10UAT( STATE
SPOtOI";

HI'"

LOW

(.) One school of thought be l teve s that major manufactu ring activ ity could be
rirawn to Alaska by the prospec t of abundant and perh aps relat ively
Inexpensive ener9Y. Prev ious IIIOrk by Battelle-Northwest and oth ers (Swift
et a1. 197B; Cow- She ll 1981) Suggest s tha t currently th is is not ttery
likely; however an ongoing study on th is speci f ic quest ton ts being done
for the State of Alaska by SRI. Int er nat ional.
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l1IOderate an<: hfgh scenarios assu mi ng th at the y wou ld be located 1n t he Ral1 be lt

and they purc hase t he bulk of the f r e lectric power from the util fties i n the

reg ion. The thi rd cas e (cc ) assumes that State spend ing wIll not be su stained

ff Prudhoe Bay of) prod uct ion begi ns to declfne fn the 19905. This sc enar io

assl.fIles very h i gh c'l)ital spend ing In the 1980s . Deta ils on the assumpt ions
are contai ned In Goldsmith and Porter 0981l .

Several ot her sens i t iv ity t es ts t hat did not i nvol ve changes In ecoece tc

acttvi ty ~"e aha anal yzed [Sec t ton 7.0 ). One inc ludes t he effect of a major

sta te dl r K t cash Inves tment to de~ray part or all of the cap ital cos t of

elecn- tc et generat ion fae iHt fes. This has the effect of reduc ing the e- t ee of

power to t he consumer with la rge i ncr eas es in demand. For purposes of th is

se ns itivi t y te st , " re ducing the e- tee of power was assumed not to affec t t he

l eve l of ecotlOlllfc growth. ( SUch price- induced econce tc growth may OCcur , but

suff icient rese arch has not been done on the ques ti on to say how large the

growth resp onse might be . ) The effects of recent lower o~ l prices ar e

sl.Allari zed in the addendlft to the Execut iv e Sunrnary .

3.3 ECONOMI C f(lDElS

The scenarios des cr i bfod above WE' re anal yZed oy th ree economic eceels

~Ifled by t he Institute of Socia l and Econ(lllli c Resea rch (lSER) f or t~ ts
s tudy. The( rt)rs t was an ISER economic and population mode l of Alaska us all
ca l l ed MAP a MAP 1 • u y

• ca culat es s t at ewi de emp loyment by broad sec tors I bes t c ,
Suppor t , and government) and s ta t E-wt ese poeutetton . The re svl t s from MAP are

entered Int o a second model, a reg i '-"'a ll za t i on model tha t all ocates economi

growth t o census dlvis fon and th en reaggregates the re sults to the Raf1be1t~s
et ect -f ca t demand (Toad) centers The third mod.l (. now a part of !'VIP '
cal cula ted the t otal number of househo lds i n th e Sta te for each year and f or
each est imate of Populat fon growth .

( a ) RAP is an acronym fo r Man i n t he Arctl P
the HAP modelfng f ramework und \""ofen c ror am • Several key parameters i n
econometr ic equations of t he ~el t extens ve test ing fn thi s s t Udy and
through 1979 (and where data were awer e re -estfmated based on ac t ua l ' dat a
researc h conducted by ISER on the ~~~ able , t hrough 1980) . Deta ils of the

s are contained i n Volume IX.

3.'

3.4 FORECASTS OF ECONOMI C AND INDUSTRIAL ACTIVITY . POPlLATtON AND HOUSEHOlDS

The popuht ion forecasts f or the Railbelt reg ion produ ced by these codes

are Sl"TJnarized In Figure 3.3. The so ltd- 11ne fo rec asts to the year 2000 were
pr oduced by the HAP model. The f orecasts were t hen extrapolated to the ye ar

2010 (dashed lines) . The detailed employment, populati on, and household

f orecas ts for the r\a tl be lt and i ts lo ad cent er s fr(Jll wh i ch these proj ect ions

are derived , are reported i n Appendix B. Populati on growth rates vary

considerably among cases , but IlIOSt case s s how decelarat ing growth duri ng th e

period. The base case (mode r at e grC)'llth-moderate Sta te spending - I'M) snows an

annual r a te of populat ion growth averag i ng 3.41 duri ng the 19805 and 2.1'1 per

year f or the 30·year average. This compares with 3.4'1 i n the 1970s, with 6. 71

from 1970 to 19" 5 and 0 . 1" from 1975 to 1980. Ral1be l t populati on is fo recast

to grow f r om 286,000 t o about 539,000. The high growth , high State spend in g

cas e ( till) shows an ~verage growth r ate of 3.81:, resu lt i ng t n a population of

about 870,000 i n year 2010. The l ow - l ow case (l l) s hows 1. 51 gr owt h and a

populat ion of 448. 000. The casts that incl ude lar ge pr ojec ted i ndus t rial ­

izat ion add about 0 .31 to 0. 9'1: to growth re ...." i n the hIgh and moderat p. cas es ,

respectively .

The nons usta inabl e s pendi ng case (CC) , which is bas ed on moder at e privat e

sec t or ec onomic growth but very hIgh inlt ial State government spend ing , s hows

growt h rates In the 1980s comparable to those in the nig h cas e . As State

s pendi ng declines i n the 19905, popul atf on growth stagna tes and then falls as

employment dec lines . Pcpu lat l on fa lls be low t he low case about yea r 2003 and

cont inue: downward to about the same as t he 1985 level (ab out 363, 000).

3.5 END USE JlI)DEl (RAIlBElT El ECTRIC ITY OEK\ND JlI)OEL)

The Ra tlbe lt n@ctrfcf ty Demand (REO) fo r ecastf ng model was des cribed

brief ly in Sec t ion 3. 1. In addit io n t o t he capabf litfes prev fous ly described ,

t he REO model i nc lu des a mechanfsm f or handl lr.9 uncertai nty fn some of the

par amet er s, a method fOr expli cf tly i ncl uIH ng programs des fgned t o subs ldfze

or mandate cc nse rve ttcn, and t he abtllty to f orecas t peak el ec trtc demand by

l oad ce nt er. The model recogn izes the th r ee load cent er s: Anchorage-Cook

Inlet ( i nc l udi ng t he Hatanusk a-Susi t na 80rough and the Kenai Peninsula) ;

3.7
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Sinc e the supp ly ptan chosen to generate electd c i t y i n the Ra tlbe l t can
I t sel f inf l uence energy cons~ti on. the forecasts i n Figures 3.5 and 3.6
are based on electric energy pl an lA. wMch assumes the addi tl on of about
400 file of gas comb ined -c ycle and coal s t eam ph'l t s . and 430 !'IWe of
hydroelectdc generat ion. The el ec tric energy plan s are descr- tbed i n
Sect Ion 6. and t he eff ect of supply phn~ on demand in Sect ion 7. The
electrtctty delands for th e other eeeeee t e scenarios and elec tr ic energy
plans aN' presen t ed i n Append h B.

tal

3.6 ElECTRIC ENf:RGY M~ND FORECASTS

Fairban ks-Tanana Valley and Glennallen-Va ldez . It produced f orec asts for each
f h e-year perfod f rom 1980 to 2010.

The RED model operates as shown i n Figure 3.4. A s imulat ion beq1ns wit h

th e Uncertai nty ftodule !l) by se lect ing a tr ia l set of ecee t parameters . Thes e

parameters inc lude dematld.pd a elast icities . IPp1tance satu r ati ons , hous i ng

s t ock demand coefficients, lo ad fa ctors . peak demand correc tion fa ctor s , and

penetration rates for conservatt on. Ex oqeneous forecasts (2) of economic

act ivity. populat ion. and r etail prices for f uel 011. gas, and e l ect r ic ity ar e

used with the trial parameters to produce forecasts of housIng st ock (3) and

el ec tricity conswnptfon in the r es fdent ta l (4) and busi ness ( 5) lIlOdu l ~s . These

la tter f or ecasts . al ong with add it iona l trtal par amet ers . ar e used In the

conser vat fon module (6 ) to model the effects on cons~t 1 on of subsi di zed

conser vat i on activ it ies . The rev i sed f orecasts of resident fal and bus iness

(cOlllllercta l and goven'lllent ) cons~t ion are used to es t illa te f utu re

etsce l l eneous conslmlPti on (7) . Ass..med l arge industr i a l consllllPt lon (8) 15

added to produce tota l el ec t r ic ity sales (g). FInall y, t he 1ni t ta l and t he

rev tsee consllllPtion forecas t s are used wi th a tr tal f or ecas t of system load

fac to r to estimate peak demand (10) In each load center . The model then

returns to star-t the nelt trte t , The model usual ly reaches a consi stent

forecast In about blO H er-at Ions.

A sllllllar y of the RED eode l fore ca sts of e lect rici t y consumpti on and demand

f or the Raflbe lt 1$ shown in Figures 3.5 and 3.6 .'a ) In t he moderate cas e

("'). f ut ure consllllPt1on of et ecte tc energy (Fig ure 3.5) 1$ for ec as t ed t o

lOW
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(a) Exc luding military and I d 'I
n ust!" a se l f -suppTfed electriCity .

(a) Economi c growth assumed in th is case is such t hat only a 5% t o lOS
probabflfty exists that it would be lower . The lL projection forecasts
median demand given the economic scenario . The probability of a forecast
befng below the LL line is then 0.05 to 0 .10 ( t he probability of the
economfc scenari o) times 0.5 (the probability of a forecast being below
the median), or 0.025 to O.COS.

average "'3 .01 between 1980 and 2010. f,.om 2500 gigawatt hours (GWh) to 6300
GWh . This results in a per capita Increased use of .... 0.91 per year. As

prev iously stated. there Is about a 501 probability that the growth rate will

be greater for this case. and about a 501 probability that it '11111 be less .

The low (lL) case grows at 2.21 per year to 4900 GWh in ,Year Z010. Only a 2.5'

to 51 probabt11ty exists that growth fn e.lectr1cfty use wi 11 be less than this

rateJa) The high (HH) case shows an average growth r at e of 4.31: per year to

9000 &Wh. There fs a 951 to 97.51 pr"Obabl1fty that gr owth wf11 be less.

Substantfal industrialfzation (eas es SH and 1M) add 1.4 and 2.1 percentage

points to the 30-year growth rates fn the h1gh and moderate cases.

reseect tve ty, and result 1n year 2010 use that ts 501 t o 8U: above the

corresponding high and moderate cases . The near· term growth (through 1995) Is

very large. The Industria lization scenarios are unl1kely to occur, however,

w1th projected power costs 1n the 60 to 80 m 111 s/k~ range.

The unsustainable spending case (CC) shows only 1.OS average annual growth

dur ing the per iod , with a 1980 to 1990 rate of 6.3% and 2000 to 2010 rate of

minus l.SS. Per cap ita use, wtlich grows at 0.91 in the "'" ease and as hfgh as

2.1% annual in the 1M case. grows in the CC case at only 0 .2% annual average

over the forecast period. The CC case results 1n demand that is about 4QOGWh

above the"'" ease 1n 1990. but about 290 GWh per year below the MM case in the

year 2010. Because the unsustainable spending (CC) case is so heavil y

dependent on St at e fiscal poli cy, no probabil ity estimate fs attached to i t.

The peak demands for electric power are shown in Fi9ure 3.6. The present

peak de'nand of 540 ptI fncr eases to 1760 J4,j for the hfgh case . 1260 "" f or the

rned1~ case. and 1000 J4,j for the low case by the year 2010 . (a) In the

Indus t r i a lf zati on cases. SH and 1M. major i ndus t r l al electricity users are

assumed to have constant loads, thereby contr1buting proport fonately less to

-0
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system peak than to annual consumption . Peak demand average growth rates in
these cases are 1.01 less than annual ener~... growth rates. The industr1a li­
zat i on cases resu lt in a net increase of 400 ~ over t he high case (to 2160 ~l

and 530 "" over the moderate case (1260 MW) in the year 2010. The unsus­
tainable spending case (CC) again results in the lowest demand by t he year

201 0. a decline of 281: f rom 1990 demand. and 560 ,.., below the moderate case "".

To sUlllllarize. the estimated growth i n electr fc power peak demand . based on

economet r ic modeling studies. is expected to increase from 540 "'" at present t o

about 1260 "" in 2010. with a range of 700 to 2160 "". depending on economi c
activ ity and State spending.

(a) The growth rates in peak demand in the three cases (HH. Itl. LL) average
0.11 gre ater than the cor r espondi ng growth rates i n annual energy demand;
e .g • • moderate case peak demand average s 2.91 per year. These growth
rates are greater because the ra tio of system peale load to annual
electrical load is assumed to remain constant throuQh the fore cast per iod
except f or specific energy conservation effects and-large industrial use '
for \oh i ch da!land i nf onnation was available . This assumption is replaced
in Sect ion 7. where the load factors are allowed to vary. As a part of
the study. an attempt was made to determine the impact of changing energy
uses on peak load. However. Ral1bel t util1ties were unable to break out
the effect of end uses i n current (1981) peak demand .

3.14

4.0 ELECTRiCAl ENERGY GENERATING AND CONSERVATION ALTERNAT IVES

Having establi shed the bounds of elect r ical generat ion growth in the

Ral1belt reqton to the year 2000-- f rom the present 540 MW peak t o between 700

and 2160 MW--the electric power gener at i on and conserv ation alternati ves were
select ed and analyzed . The first porti on of th is section descr.ibes the

selection of generating alternatives . including a br ief techn ical descr ipt ion.
the rationale f or se l ection. and the prototyp ical plants and sites used t o
develop the data requi red for asses sing Railbelt electric ener gy plans . It
concludes with a smrnary of cost and performance char act er is tics of the

selected generation alternat ives. The second porti on describes conservat i on

alternatives and te chnologies, and the rati onale f or thei r se lec tion.

4.1 GENERATING ALTERNATIVES

The generat ing al te rnatives requi red for the Railbelt electr ic energ y

plan s were sel ected by identifying a broad set of candi dat e technologies,
constra ined only by the aval1ab ility of suitable resourc e bases in the Ral1belt

and the ability to plac e them in cOlllllerc 1al servi ce prior t o year 2000. The
candi dat e te chnologies were eval uated based on several t echnical , economic ,

environmental. and in stitut ional consi der ations . Using the results of th is
evaluati on. a set of more promi s fng technologies was then fdent i f i ed. Finally .

prototypical generat ing facil1ties (specific s i t es in the case of hydroelectr i c

generati on) were identified and analyzed in greater detail.

Resources currently used fn the Ral1belt for electric ity generat ion
include coal. natural gas. pet roleum-deri ved liquids , and hydropower. Energy
resources that could be developed with in t he plann tng period of t his st udy

include peat. wind power. solar energy . t i da l power. geothermal . munfc ipal
solid waste fuels. and wood waste . Wh ile ltght water r eact or fue l could be
readl1y suppli ed to the RaObelt, economic considerat ions and state statutes

preclude the use of nucler power reactors .

Candidat e electric generating technologies using the se resourc es and

available for conmercial order prior t o y~ar 2000 are lf sted in Table 4.1. The
37 generation technologies and combinations of fuel conver-s t on- qenerc t ton

4.1
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technolog i~s shOwn In the tabl~ COlIIpr ts~d the candi dat e set of technolog1l!s
se tee tee for addit lt,na l s tudy. ( a)

· Technology prof iles · were prepare<! descr ib ing the technical perfonllance

and cost. etlvircwwental and seetceceeeet c charactrr lst lcs, and potent ia l
Aatl belt appl1cattons of the cand idate techno logln (Yol lllll! IV). The prof il ~s

wel"'l! used tn t~ 3naly s is of the candtdate techno log in to deter- lne wh ich
shoul d be i nchll~ed tn Aatlbelt elec t r ic l!ft~rgy plans. Th is select ion was based

on the foll awi~ cons iderat ions :

• the avatJab llt t y and cost of energy resources

• the Hkely effects of IItnilllJlll plant stze and oper at tonal characteristics
on systelll operat ton

• the econce tc perfomance cf the various technologies as reflected in
est fili at ed busbar power .:osts

• publtc acceptance . hoth as ret tected in t he fr4llleWOrk of electr ic ener gy

plans wtth in which the selection was conducted and as Impacti ng spec if ic
technolog ies

• ongot ng Aatlbe lt el ectric power plann ing ectt vtttes ,

Fro- th is analYSIS{a) 13 gener at tng t echnol ogi es were selected. For

each nonhydroe l ect rfc technology. a prototyp tca l plant was deft ned. For th e

hydro-elect rte technologi n . prc.is tng sites were selec ted for fu rther s tudy.
In the fo l1awing paragraphs . each of t he 13 pre felTf!d tl!Chno logles Is brief ly
descr ibed , along with sa.e of the princ tpal I"'l!asons for Its se lect ton. Ah o
described ere the prototyp ica l plants and hydro si t es se lec t ed f or further
study.

4.1.1 Coa l ·F ~ red St elll- Elec t r fc Plants

Coal ·fl r ed steea-etecb-te plants combust coal In a bot te-, produc ing stearn

that fs used to e-tve a stellll turbtne·generator. Coal- ftre<! steam-electric

generat ton was se lect ed because It Is a cOlllllerclall y IIlature and economical

technol ogy that potentially is capable of supplying a ll of the Ratlbelt 's

(a) Further dtscuss l on of the se lect ton process and te chnolog ies rejected frOlll
cons ideration at this stage are provided In Vol.- IV.

,.,

baseload electric power needs f or the Indefln t te future. An abundance of coa l
In the Aat1belt should be _ineab le at costs al1awlng ~lectrlctty productton to

be econ<Jllcaly cOllPetttlve wtth all but the -est favorable alternattves
throughout the plann tng period.

The su lfur content of Aatlbelt coal Is l(llll . Cornerc tally tested devi ces

for cont rol1 tng sulf ur and part tculate M i ss ions to levels lJandat ed by the
Cl~an Air Act are avat1&ble . Princ ipal concerns using this techno logy are

erlvlrorwental tlllpact s of coal . ' n' ng, posstble _ tent a lr-qua ltty effects of
r~sldual oxides of sulfur .(SOx)' oxides of nitrogen (NOx) ' and particulate
emiss ions. long-tef"'lll abllospherfc buildup of CO2 (COlmlOll to all combustion­
based technologtes) and the long·tenn suscepttbl1tty of busbar power costs to

Inflation .

Two prototypical facl1ttfes were chosen for In-depth study : a 200-""" plan t

In the Beluga area that uses coal mined from the Chuftna F1eld; and a plant of

s flltlar capac tty at Nenana that uses coal del1vered by Alaska Railroad f rom the

Nenana field at Kealy. The results of the prototypical study are dOCl.lllented in
Vollllle XII.

4.1.2 Coal Gasifier· Comb ined Cycle Plants

These plants are COlllPrtsed of coal gast : le" that produce synthet tc gas fo r
cOlllbustton turb tnes that dri ve e lectric generators. Heat.reeovery eet te- s-use
the cMbust ton turb ine exhaust heat to rats~ see.. to dr ive a stelll turb lne­
generator. tbese plan ts are elq)ec t ed to be COlIIDercta lly available In the 1985

to 1990 t l. f r lllM! .

These plants should use Alaskan coal resources at costs cOlllParabl~ to

convent tonal coal ste..-eteewte plants. whtle provtdtng etlvlromental and

operattonal advantages compared to conventional plants. Envlrormental

advantages tnclude tess wast~-heat rejection lI'Id water consunptton per unit for

output due to higher plant efficiency. Better control of HOx" SOx" and
particulate emisston Is also afforded. Frcm an operational standpo'nt . these
plants offer a potential for load-foll(l1l1ing operation, broadening thetr
app1tcatton to Intennecltat~ loadtng duty.{a) aeeause of superior plant

(a) However, IlUCh of ee exlsttng Aat1belt capac tty IlClst lt kely wt1 1 be
available f or Int enDed t ate and peak loading during the plann ing pertod .
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eff tc ienc lM . coal gas1(l!f'-cOlllblned-cycle plants should be SOllleWfIat les s
suscepti ble to infl ation of fuel costs than conventtonal stea.-electr lc
plants. Princ tpal concerns . Ith these plants i nclude envtror-entl l illPact s of
cOal . in1ng. CO2 production, and uncerta inties In plant perfol"llance and
capttal cnst due to the current state of technology.

A prototypical p14nt was setecter for in-depth analysts. This 2oo...'IW plant
would be located in the Beluga area and use coal mined from the Chuitna Field.

The plant would use oxygen-blown gasltters of Shell design, productng a medium
Btu synthesis gas f~ combustton turbtne ftrtng. The plant would be capable of

load-fo llowtng operation. The results of the study of the prototyptcal plant
are descr ibed tn Voll8@ XV I I.

4.1.3 Natural Gas ee:.bustion Turbines

These plants consist of cClllbustion turbtnes fi red by nat ural gas to dr ive
eteew tc generators . Althoucj'l of relatively l ow eff tc tency. natural gas

cOlllbu stton turbines serve well as peaktng untts tn a systtlll donltnated by steillll­
electric plants. The short constructton lead tilles charactertstic of these
units also offer opportuntttes to meet unexpected or temporary tncreeses In
demand. Except for production of CO2 and potential local noise prOblems,

these untts produce 1I1ntmal environmental fmpact. The prtnctpal KonOllltc
concern 1$ the senstt iv tt y of these plants to escalattng fuel costs.

The cost s and perfol"ll4nCe of ce-bustton turbtees are wen understood.
However. because a ujor cOlllPOflent of future Ratlbelt capactty additions Illn t
11kely wou ld not constst of ce-bust lon turb tnes. no prot otype was sel ect ed for
in-depth st udy. Ana lys ts of thts ~.."Chnology . tthin t he context of Ratlbel t
etectr-te energy plans was based on data COlIIP lled tn the technology proftles
(Voll2le IV) .

4.1.4 Natural Gas - Contlined-CYCle Plants

These plants constst of combustton turbtnes f tred by natural gas to drive
electric generators . Heat recovery totters use combustion turbtne-exhaust heat
to ratse stelll to drive ste.. turbine generators .

Natural gas - cClllbined-cycle plants were se lected for constderat ton because
of the current avatlabt Hty at low-eost natural gas In the Cook Inlet area and

the posstble future antl abtlity of North Slope supplies in the Ratlbelt

4.'

(al t hougfl at setees htgher than those currently expl!f'tenced). CoIlbl ned-cycl e
plants are the -ost economt cal and envtro~tally bentgn -ethod currently
avanable to generate e lec tric power using nat ural gas. The principal ecerce t e
concern ts the sens ttiv lty of busbar power costs to tncreases in natura l gas
costs. The principal environmental concern ts CO2 productton and posstble
local netse problentS .

A nomtnal 200-1'1I prototyp ical plant was se lect ed for further study . The

plant, located tn the Beluga area, "Ould use Cook Inlet natural g~s . The
results of the analysts of this prototype are docUlllel'lted tn Volume lIII .

4.1.5 Natural Gas Fuel-Cell Stattons

Natural gas fuel-cen st at t ons are expected to be available for cOlllllef'c ial
order tn the 1985 to 990 Pl!f'tod. These plants consist of a f uel condtt toner to

. convert natural gas to hydrogen and CO2, phosphoric acid fue l cells to
produce de power by electrolyti c oxidat ion of hydrogen, and a power condit toner

to convert t he de power output of the fuel cells to ac power. Fuel-cell

stattons lIIOSt ltkely M)Uld be relathely SIllall and s ited near load centers.

Natural gas fuel-cell stations are considered for the Ratlbelt pr lmartly
because of thetr superior load-following characteristics . Plant efftcfenctes
are 11kely to be far suse-tee to combustton twbtnes and relatively unaffec ted
by partial power operat ton. Capita l costs are ltkely to be conparable to
ccnbustion turbtnes . These cost and perfOJ"llance characteristtcs should lead to
s t gnif i cant reduction tn busbl!" power costs and greater protec tton fl"'Oll

escalation of natural gas pr tces ce-pared to cOllbustton turbtnes. Construct t on
lead tt. shoul d be COlrlPar.ble to ee-bust lon turbtnes . Because envtro naental

effects lOst ltkely wtll be 11. ited to CO2 production. load-ce-nter sUtng
will be posstble and tranSlltsston losses and costs will be reduced.

No prototyp ical plant was selected for further study . Data for the
analysts of these facilities were taken from the technology profOes
(V.l ..... IV).

4.1 .6 Natural Gas Fuel-Cell - Cortbtned-Crcle Plants

Thes plants are expected to be avatlable tn the 1990 to 1995 pertod. They
consist of a fuel conditioner that converts natural gas to hydrogen and car bon
dtox ide, IOlten ClI"bonate fue l cells that produce de power by electrolyt ic
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o:c idltion Of hydrogen. and heat r ecovery boUers that use waste heat f rtJI the
f uel cells to raise stea. for dr iv ing st ea- t urbi ne-generator s. A power

conditioner conver ts the de: f uel ce lt out put to Ie power for distribut ion . If

they atta fn COI!IIIere:tal mat ur i t y as envis ioned. fuel-cell cOlllbtned-cycle plants

should demonstrate a subst ant ia l Improvement in effictency over conventional.
cOlftbustfon turb ine-cOlllb lned-cycle plant s. The reduct ton fn f uel conSllllPtion
p!"'(llllh ed by the forec asted lower heat r ate of these plants could result In a
base load plant less sens t t 1ve to Inf la t 1ng fuel costs and less consuapt ive of
Ii _Ited f uel supplt es th.,.. convent tonal ee-b1ned- cycle pla nts ( and _&1 be
ll_Ited to base 10ad ooerat ton) . U t e ly capita l costs are not we11-under stood .
hOwever . due to t he i. at urt t y of th is t echnology.

Because of the ear ly stages of developmen t of these plants . addft10nal
study was believed to yield Httle addft tonal useful fnf oMllat lon.

ConseCfUl!nt ly. no Prototyp ica l pla nt MIS selected for study. Information to
support analys is of Ra tlbe l t elec tr-tc energy pla ns was dr awn f rail t he
technoloqy prof O n (Vol tllll! IV ) .

4.1. 7 Large and Inte-edhte -Scale Hydroe lectric Plant s

Substa nt ia l hydro resources ar"l! present 1n t he RaObe l t reg ton. Huch of

t his could be developed with l arge- or t nte~ tate-scal'! hydroelectr ic plan ts
I f . e •• t hose la rg@l'" t han 15 I'll ) . Severa l s f t es have the potential to provide

power at first-year cost s compet1the wtth thermal alternatives and have the

added btnef tt of lon9-tl!T'll re s tstance to inf la tfon. Hydroe lec t r ic opt 10ns

produce no atmospheric poll ut ton or soli d waste . INt they can destroy or
transfer- habitat tn t he area of t he reseeve tr -, il1pact wtlderness value and
assochted rec reational opportlltlit les . and have negat ive illPact s on downstrealll

4nd anadrtlllOUs f tsht'r tes . Hi!1l capita l i nveSOlent costs ren~ IIlny s ttes
nOflCCIIIPl!t t t h e with a1te rnat t ve sources of power .

Sever al l rge-scale hydroelectr ic pro ject s were selec t ed f or cons fderatfon
i n Ral1bel t e lectr ic ener gy plans :

• Bradley l alte

I ChaltachUlfta

I ~per Sus ltna (Wata na and Oevo Canyon)

e Snow
I Keetna

I Standltne Lalte

I Browne.

Bradley Lllte ..s selected for considerat ion because of i t s advanced stage
of plaM tng. InfO"llIttc.l was ta lten pr iaarl1y fnJI 1ts power . arket ".,alpis

(Ala ska Power AdMt n1strat 1on 1977) . The OIakachl!lllna project 15 a lake t ap

proj ect with relat ively lIOdest capttal cost s and ertvtronnental effects. The

proposed project is of sufffcient she ( up to 1923 GWh average annual energy

production) to lIlake .. sign1ftcant contr1but1on to meeting future Ral1belt

eteet-te energy d8and. yet not so large as to result 1n und@rutl1 l zation when
oper ational . Data were obta ined f rtll t-.o scueces , an tnvestigatton
cc.tss1oned as par t of th is study (VolUlll! I IV) and the ongoing Bechte l

feast bllt t y st udy (Bechte l Ctvn and " 'nera1s 1981) . The Upper Susttna Proj ect
was se lected f or constderatt on beeeuse of tts 1. par tance 1n the Alaska ener gy
p1cture . Data. were obtatned fMlll Acres hllerican Incorporated (1981). (a )

Based on environmental and eeeneete constderat10ns. t he Sn(llif. xeet na ,

St andltne Lake. and Browne hydroelectr tc proj ects were among several

hydroelectr1c projects (along with the Chakachamna Project discussed above and

t he A111son Project discussed 1n the s!b sequent sect ton) 1dentif 1ed by Acres

IGlertcan (1981) as preferred hydroelectr1c alternatives to the Upper Susitna

Project. Snow. Keet na. St r andltne l ake. and BN:lWrle were select ed f!"'(llll thts set
as havtng tlte IIOSt favorab le costs and l!I"Ivt rorwent al eff ect s . Data on the
Snow . Keetna. and Strandltne Lake projects were taken froll the ~per Sus1t na
Development Study (Acres Mer1can 1981). A study of the BrOWft@ project was

cOlllllhsioned. partly because of tts esttmated capac1ty and energy projection.

' .8

( e) InfOnllation supersed1ng that prov1ded in Acres AIIlerlcan (1981) was
supplted by a letter f rcJI J . D. laurence of Acres AIIler1can to
J. J. Jacobsen of Batte11e. Paciftc Northwest Laborato r1es.

4.'



whi ch .as sOllltwhat gru t e- than the others . but etse because of t t s apparently
lIlOdes t envtromenta l ' ...pact (Vol~ XV ) .

4.1.8 Small-Scale Hydroelectr ic Plants

Slaall·sca le hydroel ectri c plants incl ude h cllit 'es havtng rated capac ' ty
of 0. 1 ... to 15 "'. Several SlIlal1 · sca le hydro s ttes have been t dentt f t ed tn
t he Ral1belt regton and two cur r ently undeveloPed st t es (Alltson and Grant

Late ) have bHR Subject to recen t feas tb t 1tty st udtes . Al though typ ica lly not
as Kone- tc . lly f avorable as conventtona l hydro because of htgher capttal costs
per ' nstl l1ed two saall·sc. le hydro affords s t. 11ar long·terw protectton fl'Olll
Inflatton and . 1.1 be of ..,r e approprtate size for $lIall load center s tha n large

projects . The envl~tal eff ects of $lIal1 - scale hydro t end to be

proportlonally less t~an for conventlonal hydro developllleRt . espectally since

• an)' of these proj ect s are run-of·ttte· r h e- or lake t ap dest gns and do not

IIW0h e de,el~t of a ~ser,o t r. Run·of·the-rher projects. however. lIIo1y be

tnterll ittent produce,., of power due to seas onal vartat ion tn st N!ufl ow .

TIfO ~a!1·sc. le hydroelec tr ic proj ects Ill!re se lected for cons tderat ton tn
Ra tl bel t et ecwtc energy plans : the Alltson hydroel ectr' c proj ect at All ison
lake near Va ldez and the Grant Lalte hydroel ectr ic proj ect of Seward . These two

DI"OJects aD9ur to ha, e ~hthely favorable eceeee tcs ccnparl"d wtth other
$IIall hydroel ectr ic s ttes and N!1at h el y . tnol" envtrornenta l tlllPa<: t (ea~h is a
hlte tap Pl'Oject ). Inf or-atton to suppor t analysts of these alter nattves .as

t aken fl'Olll t he f Ns t bt H t y study N!cent ly C'OIIPl eted on each (Corps of Engtneers
1981; CH2M.Hf11 1981).

4. 1.g Mt cr Qhydroelectric Sn t l!lltS

Mt crohydroel ectr te systl!lllS are hydrnelectr tc insta l la t t ons rated at 100

kWor less . They typlcal1y cons tst of a water~tntake structure. a penstock and
turb fne.generator. The units typ tcal1y opet'ate on run·of.the-stream without
re ser,oi,.,. The technology fs Cormter'Ctally avail able .

Mt crohydroelectrtc s,)'St IMS were chosen for analysts because of publt c

i nt er est . their renewable char acter and potentially II'IOdest envfromtental

illlpact . InfOMl'lat fon on typi ca l power productton costs was not avatlable \lllhen

the preferred technolog fes eere sel ected . Further analysts tnd tcated t hat few
Illicrohydroe lect ri c resourc es could be developed for less than 80 lIlills/ldlh .

4.10

Thetr contrtbutton 'IIlOuld Hke ly be IIt nor. Because of the Itllltte<l potentia l of
thts r esource tt wn dropped fl'Olll constderatton . However. tnsta l la tt ons at

certatn sf tes , for eXllllPle restdences -eeeee f rOll dtstr tbu tlon systems. lIlay be
J ustified.

4.1 .10 Laroe Wtnd Energy Converston SystelllS

Large . tnd energy conservatton sys tellS constst of _acht nes of 100 kW
capaetty and greater . These system t ypt cally wou ld be t nsta lled tn c lus te rs

tn areas of favorabl e wtnd resource and wou ld be operated as central generattng

untts . Operat ton ts pr1.artly tn the f uel·savtng -ode because of the

t ntl!rll t ttent nature of the .tnd resou rce . The technology ts tn the

deIons t ratt on st age.

l arge . t nd ener gy conver s ton s,)'StellS sere selected for sever al rea sons •
Sever al ar ea, of excellent . Ind resource hllve been t dentifted. nota bly In t he

Isabell Pass area of the Alask. Range. and tn coastal locattons . The . inds tn

t hese areas ere strongest dur tng fa ll. winter. and spring llIOnths. cot nctdt ng
wtth the wtnter·peaktng e tect r t c load of the Ratl belt . FurthenllOl'e . devel optng
wtnd energy projects In the Ratlbelt would pr-ove c(Jllplf!lll@nt ary to hydroelectrt c

systems. Sur pl us wind· generat ed e lectrtc tty could be N!adtly ·stored· by hydro

re servo trs . Hydro oper at ion could be used to ass Ullll! load s during per tods of

wtnd tns uff tct ency. Wind mach tnes could provtde addittonal energy. where as

excess tn stalled hydro capactty could prov i de c. pacl t y cred tt . Finally. wtnd

systems have few envtl'Orvnental effects with the exceptton of the tr v15ual

pres encei they appear to h.ve wtdespread publt c support.

A prototyptc.l large wtnd energy conver s ton syst l!lll was selected for fur ther
st udy. The prototype consisted of • wind fal"lll locat ed tn the Isabell Pass area

conprised of ten 2. 5 "'·rated capaetty. Boetng f«)(}·2. horizonta l axts . ind

machines. The results of the prototype studted ere provtded in Volume XVI.

4.1.11 Small Wtnd Energy Converston Systems

Small .tnd energy converston systems are small wtnd turbines of etther

horizontal ClI'" ver -ttcel axts destgn. rated at less than loo~kW capac tty.

Machtnes of th15 stze 'IIlOuld generally be tnstalled at disper sed toeettons , The
t echnology 15 cOllllll!retally aunable but sttll developtng.
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SIIIall wind energy conversion systelllS ~re se lec t ed for constderatton for
severa l reesces • Wtth tn the Ratlbe lt , selected areas have been ldent t f t ed as

havtng super for wind resccrce potential. The resource Is renewable . Ftnally,

power produced by these systl!llS could be lIIarg fnal1y econOllltcal1y ceneet t t t ve

. lth gener ati ng f ac t Hties current ly operattng t n the Ratlbelt. As prev iously

stat ed, the se aac hi nes operate tn a f uel · saver lI:lde because of the tet e... fttent

nature of t he wtnd resou rce , Their eco~ic perfo"u net can be ana lyzed onl y

by cOlllParing the i r busbar power cost to the energy cos t of power they displace .

Data on $llIal1 wind energy conversfon systems were taken f'l"Oll the technology

proftles (VolLJlll! IV). Analys is of this alternative indt cat ed that 20 MW of

Installed capacity pr oducil'l9 40 GWtJ of e teewte energy annually could be

KGnOIIfcal1 y developed at 80 afll energy costs, under the rather unlikely

lSStJlllP tton of fu 11 penetrat ion of the ava tl able aartet (all households ) . Thes e

uehtnes were given par t t y wit h fi nll gener at i ng alternat ives for cos t of power

cOlllPartsons. Because the potent ia l contrtbut ion of this alternathe is

relathely minor to future Raflbelt needs . even under the rather liberal

as SUIIIP t ions of this analysis, t he potenti a) energy produc tion of SIllall wind

ener gy convers ion SystelllS was not fncluded in the analysts of Ratlbelt e lectri c
energy plans.

4.1. 12 Tidal Power

Tidal power plants typ ically consist of a - ti dal barrage- extend tng acros s

a bay or inlet that has suost anti al ti dal f l uct uatf ons . The barrage conta ins

s luice gates to acnit water behind t he barrage on the incom ing t ide, and

turbine-gener at or L.I'I lts to generate power on t he outgo ing tide. Tfda1 power i s

int enl ttt ent ly ava ilab le. and requires a power systelll that can conpl ement the

out put of t he ti dal plant. Hydro capac tty Is espec ia ly sui t ed for this

pur pose. Alternathe ly, energy storage facil tt ies ( pumped hydro, COlftPr ess ed
air , storage batter ies ) can be used .

Ttdal power was se lecte d for consideration because of the subs t antt a l Cook
Inlet tidal resource. the reneeable character of th is energy resource , and t he

substantial int er-est in the resource as evidenced by t tte recently cOlllPl eted

fi rst - phase assesSllent of Cook Inlet t i dal power dn'elo~t (Acres Meri can
fncor porated 1981a) .
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The spectfic alternathes considered for th is study were four variat ions on

the Eagle Bay alternathe recOlMlended for further study in the Cook Inlet t ida l

power study preliminary assessment :

• 720~ Eagle Bay U da l eleetr- tc project without retilll ing

• 720~ Eagle Bay t t dal electric project with pI.IIlPed s t orage

• 144G-* Eagle Bay tidal electric project without ret i. ing

• 1440-MI Eagle Bay tidal electric project wtth pwlped stor age.

Estilllated productton costs of a tidal power factltty without ret illling would

be competitive wtth alternative sources of power, such as coal-ftred power

plants. if all power production could be used effectively. e .g •• by a

specialized Industry able to aCCOIII'llOdate to the predictable. but cycltc out put

of the plitnt . Otherwise the cos ts wou ld not be coopet ithe. Alternath el y .

onl y the por tion of the power output that could be absorbed by tbe Ral1belt

power systea could be used . The cost of thts energy would be htgh relath e to

ot her power.producing opttons because only a fractt on of the potential energy

productfon could be used . An additional etternet tve would be to construct a

retimtng fac iltty. such as a pumped storage plant . Due to the tncreesed

capital cos ts and pOWer (pumptng) losses Inher ent tn the rett lll ing optton ,

busbar power costs would st111 be subs t ant ially gruter than for nont tdal

generattng alternat i ves.

4 .1.13 Mun icipal Soltd Waste fMSW) Fuel St U ll Electrtc Plants

These plants consist of boners. fired by the c<Jflbustible f ract ion of

mun icipal refuse , that produce steam for the operation of steam turbtne­

generators . Rated capactties typtcally are SlIIall due to the d ifficulties of

transporttng and storing waste , a relattve ly l ow energy density f uel.

Suppltwental f trtng by f ossil f uel . ay be requ ired to compensate f or seasonal

variatton in waste production. The technology ts lIlature. thOugh not widely

used at present.

Enough MSW appears to be available fn t he Anchorage and Fatrbanks areas to

support SlIIall MSW fuel-fired steea-etectrtc plants If supplemental f tr tng

(usi ng coal) were provtded to conpensate for seasona l fluctuat tons In waste

ava llab ll t ty. The cost of power fro- such a f actlity appears to be

cOlIlPl!tt the . although th ts CCIIlPl!t ttheness depends I4)on recetpt of waste·
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derived fuel at little or no cost. Advantages of di sposal of IU1lci pal wasu

by cOOlbust lon . ay out.e1t1t t he SOlIf!What htgher POWf!I'" costs of such a facility

COllpared to coal -fired pl ant s . The princi pal concerns relative to this type of

plant relate to potent ta ) re Hab t ltty. abllosphertc f!lIIiss lon and odor pro blems.

Data f~r HSW· derived fuel ste. elec tric pl ants -ere ta ken fr"Olll the techno logy

Pl'tlf 11es (VolU11le IV).

Cost and pel'formance cbe- acterf s t tc s of t he altel'natives discussed above

a~ sUll1llal'1zed in Table 4 . 2. Addt ttonal 1nfom ati on on each 15 avattabl e fn

t he r eferences c i t ed; cOlllP le ted tabu la tions of the chal'acteri stics of these
altel'natives are Pl'O'tided tn Yol ..-e II .

4. 2 COJCSERVATIDN ALTERNAT IVES

Two ~eral classes of conse.....ation lIf!asures -e l'e se lected fol' st udy. The

f il'st class, res iden tia l but1d tng conservat ton . Incl udes several specific

lIf!asures for ll1pl'Ovi ng the insula t ion and .eathel' tight ness of res identia l

stl'l.lCtures . The objecti'tf! of t he eeasuees Is to illlprove the end-us e effic fency

of fue l used for space heati ng. e .g . , -ood . 011. nat ur al gas. 01' other f uel s .

as we ll as el ect rtci t y. Also Incl ude in t he r es i dent ial class are measures

desi gned to ImprOYe the th ermal i nsulatl cn and eff lc tency of hot water heat in g

sys tems. Again . t he f uel conser ved lIlay be natural gas, 011 or wood . i n
addttion t o elec tricity.

The seco nd c la ss of conser vat ion eeasures cons idered were those involvtng

subst itut ton of a nonelectrtc fue) for electrici ty. Cons lde ratton was given to

"'f!asures invo lvi ng the substitution of a renewable resource for electricity and

i ncl uded pass he solar space heattrtg: syst£'lllS . actt'tf! solar hot water and space

heating syStf!llS. and 'lOOd as a resident ial space heatt ng fuel.

The effects of conservat i on alternatives in the Ratlbelt reg ion were

accounted for In the Ra tlbelt etectrtc ener gy plans by ass essi ng t he ef f ects of

these measu l'es t n red uci ng electric demand . Technica l limits on mar ket

penet l'at1on were es ta blished fil'st . The per fonllance and cost chal'actel' 1st1cs

of pl'Olll ts ing measures t hen were ass essed. Based on the cos ts and val ue of

enel'gy savi ngs of the various consel' vati on ee es ures , the l evels of adoption

were t hEn es ta blished us ing the deland fo recasting lIIOde l. Thus. the

contr ibution of conse.....ation _asures to lIIII!et future pow@r needs in the
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TABLE 4.2 . S~ry of Cost and Perfomance Characteri sti cs of
Se lected Alternatives (J an. 1982 dollars)
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generally are combI ned with a t herma lly eff icient build ing envelcee such as

those described above. Passive so la r housing design in the RatTbelt regi on has
cons iderable potent ial for red ucing the space heat demand of these st,.uctu,.es .

Howeve,.. the homeowner 's abi lity to use the solar resour ce depends on the

building 's locat ion and orientat ion. Also. passive sele- appl ic ations are

generally "estr1cted to new buil dings 0" additions to ellistlng sw uet ures ,
Retrof itting an ellisting struct ure Is a rehtively inefficient way to reduce

heating bills (8arksh 1re 19814 and 1981b) . A s ite survey of the Alternat ive

Energy Technical Assistance progr/l'll dur ing the SUft'lller of 1981 showed about one

shth of 1200 Anchorage si t es !1d.d open access to the sun the yea" round and

thus would be candidates f or effective passive soter retrof it. Pr"!1tminary

s tudy by Ahska Renewable Energy Associates indi cat es that from one third to

one half of building s i t es in the Railbelt will have soh r access dudng the

heating sea son. late winte,. and ea,.l y sp,.' ng are the p,.1ma,.y months when

s unli ght in the Ratlbe l t "eg lon fs both needed and available in suffi cient

intensity to provide a net heat gain. Because sunlight Is not gene,.ally

available dur ing the peak heating per iods of December and Janua"y. th is

technology is asslllll!d to operate In a fuel-saver mode and is given no credit

for "educ ing peak demand.

The prototyp ical dwe ll ings used fo,. analys is of passive so la r space
heat ing eere as f ol lows. The new st" uct ur e was a 1500 square f oot house with

200 squar -e feet of south-facing glass . No thermal storage was assumed. About
19.3 ~ Btu annual net :>o l ar gai n -esutted (about 13.8 /ltl Btu per ~ar more

than a standard house ) . The prototypical solar ,.et,.ofi t was an B by ZO foot

sol ar g,.eenhouse . wh ich supp lied 10 to ISS of the heat r equl ,.ed by the bas fc

1500 foot house used in the ca lcul at io ns .

Si te cner-acter far tc s limit penetrat fOfl of passive sol ar space heat

appltcat ions to about 35 to 501 of the new bull ding stock. while so lar

g,.eenhouses des igned f or heat ing purposes in exist ing buildings are expected t o

be llnl1ted to 10 to ISS of the existing housing stock .

Rail beTt was expr es sed as a reducti on in fo recasted deIIIand f rtll levels of

demand t hat '!l ight be ex:peri enced .. It hout conservat ion . ()o/er vi ews of the

conservat ion measures consi dered in t he st udy an! prov ided in t he f ollow ing
par agr aphs .

4. 2. 1 Resident ia l Building Conser vat ion

Bu ilding energy conser vati on encompasses a var iet y of measures for reducing
the e lectr ic al load of r es identia l s t ruc t ures heated with electr ic ity.

Elect ri ca ll y l1eate d struct ures cur r ently comprise about 21S of Anchorage

househO lds . 9S of Fa ir banks households , and IS of Glennallen.Valdez house­

holds . {a J Choi ce of conser vati on measur es and resulting energy sav ings

depend on t he s ize and age of struct ure and t he c l imat ic r egion. The cost ­

effec tiveness techniques on ne. st r uct ures inc lude extra Insulati on in t he
ce i li ng ( R ~60 ) . doubl e- wa ll const r uct ion (R-40) . heavfly i nsula t ed floors (R.

40J. insulated door s . t r i pl e pane windows. and careful seali ng and cau lki ng to

reduce a i r changes f rom 1.0 t o 0.2 5 per hour (Bar kshl re 1981b). Cos t ~effectlve

:neasures for ret rof i t ti ng ex is t ing butTdings Incl ude add1ng insula tion to t he

floo rs and ceili ng to bri ng t hei r Insula t ing value up to R.40 and R ~60 ,

respect ively. The wa lls are lef t at curr ent R- va lues because of t he expense of

ret r of i t t i ng. Tri pl e~gl azed windows . R-B meta l insulat ed eate- to- door s , and

suff ic ient caulk ing and sea lt ng to bri ng afr i nf tl t r ati on down t o 0. 5 at r

chdllges per hour round out t he assumed imp rovement s (Bar kshl re 1981b). For
ec- eeses of cost es timat ing. insulat ion is assumed t o be applied by

cont rac t ors . where as gla Zing. caulki ng. and weatherstr ipp ing an! appli ed by th e

cener • Energy sayings of new cons t r uct ion impr oyenr..,t s over s ta ndar d pract ices

are 289 St u/ hr per degree Fahrenhei t bel ow uf out side t emper at ur e for t he
pro t ot yp jc4l s t r uct ure . For re trofits . improvemen t s are proj ec t ed to yie ld 189
Btu/ hr per of .

4. 2. 2 Res ident ia l Pass ive So lar Space Heat ing

Passiv e so lar space heat i ng Is accompl is hed by usi ng sout h glazi ng to

capt ur e so lar ener gy in combinat ion wi th a thermal mass to sto re capt uT"t!d

energy f or rel ease at niqht or dur ing c loudy per iods. These des i gn f eat ur es

(a ) Ca lcula t ions tak en from a res ident ia l end-use
Nor t hwest for th is st udy (Marcn- Apr i l 1981) . Survey conduct ed by Battell e~
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(a ) Althouqh active so lar space heat ing des i9ns have been advanced. they di d
not appear to be pa,.t i cular ly advantageou s fo,. the Raflbelt and thus were
not cons idered in th is anal ysis .
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4. Z. 3 Res identia l Ac tive Solar Hot Water Heating (a )

Ac tive ~Iar t echnoloqy has sa. potentt .. l tn the Railbelt to reduce hot

wat er ttoeat tng lOdd . The effKt tveness of these systeln oepends upon the .xmt

of sola r radiat fon avail able and the water tleatfng l oad of the household• .tt ich
fn turn de~ds on the s ize and char act eri sti cs of the household. Final
t nst all ed costs wt1 l vary wfth t he type of SyStM (dr at ndowt. anti freoeze, one
or two tanks ), as w111 perfor-ance (Bar kshi re 1981..I , Prototyptc..l new and

I"et rof tt untt s eJ:..tned In the st udy asSlJle 80 square feet of collector using
Sola r lo ll -type te chnol ogy because til ts appears to be the -»t cost

effec t ive . (a , 'bout SOl of the annual .ater-neating load of .. f .11y of f OUr

can be -et with such an Inst .. l la ti on. at 80 94110ns per day use . The

proport ton of sueh use , Ilhlch c..n be -et by solar "'ri ng the year , vari es by
IlOII t ll f re- l'Iear zero t n J!Iovelber t hrough February to aboI.lt 851 tn Apri l through
J... .

If.ttat tons on IIl r ket penet r ati on are expected to M!sult f re. very long
payback c..sed by Ilt~ Inst i ll at ion costs and unavailabil ity of adequat e
s t tes . These It . t tat tons will Probably hO ld the tot..1 ..-ket to 5 to 101 of
"a t wat er users (BarkShi r e 19811).

4. Z.4 Restdent ia l Wood Space Heattng

_00d 15 alr'udy a suppl ellel'l ta ry fue l choi ce fn . any Ratlbelt COllIllun i ties .

til lt ke otller dts per Sed t echnologi es . wood- f tred space heating 15 not r esource
or weathel" 11. ited at til ls r tee , The analys is of wOO-f tred heat ing was done
on the pl"esllllPt lon t hat at lIui_ penetration, one f lf t h of the space heat
I"equi red by tKlmes Ileated with pass ive solar technology and one f i f t h of the
space Ileat r-equ i red by non50lar !'toftes would be provfded by wood. Thts Is

equiva lent to more than a doublt ng of the current lDar ket ~etrat fon of lIlOOd
space heat. Inconveni ence, fuel cost , and dlff fculty fn using wood fn
IIlU lttf.lIy units ecu ld deter lIIarket penetratfon, even at zero capital
cost . (b)

(a) ~~k: Rolle 15 a tradelllark of 8fo Energy Systl!lltS, Inc. of Ellenvill e . New

(b) WOOd space heating costs are cbIinated by fuel cos ts even for the lnOSt
eJ:~stve types of stoves .
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Stoves are available in stzes with heating capabt H t i@! rangtng fr(llll 15,000
to over 100, 000 Btu/hr, w1th convers 'on eff1ciencies of ZO to 651. The cos ts
and perfo""ance charactet"'tst1cs used tn the study are based on a h1gh-qual1ty
a1rttght stove of heavy-gage steel and soapstone.

4. Z. 5 CoQener..tton and Waste Heat ut ilizat10n

Cogeneratton and use of waste heat were cons idered and rejected as major

future sources of e lectric energy 1n the Ratlbelt . The ..,st log'cal cand1dat es

far cogenerlt1on tn the R..l1be: l t are the eJ:tst1ng ken'" Peninsula and Fatrbanks

011 ref1ner1es, the eJ: tst ing ( and posstble future ) l1quef act ion fac tl1t1es for

n..tura l gas on the keni 1 Peninsula, and the anIIlOII h -urea fert l1 tz er pla nt on

the ken..' Pen1nsula. HclIfever . i nqu1r 1es to plant unigers iIId tndust r y sources

turned uP the followtng inf o" lI11on: 1) None of these large process heat users
15 cons1der ing cogenerat ton plants to se ll or t r ..de e lectr icity to the util i ty
gr td ; 2) The Dow-Shell consortt. c_ to the conclu s tO'l that ut111t y po-er

wou ld be cheapet'" tha n se lf~erated power 1n the new pet~hell ica l plant;

3) There Ire severe techn ical probll!lll5 w1th recover ing addit tona l h1gh-gr ade

Mat for cogenerat ton turb1nes at LNG fac H 1t 1@!; 4) The Fert l1 iZer Inst itute

was aware of no cogener ati on pro jects tn the ~h-ury i ndustry , even where

pr1ces for electr 1ctty are htgher than Alaska's eJq)Kted net ce , Based on tIIese

cons iderat1ons, cogeneration fn:- these sources appeared to be unlikely as a
Ilaj or future contr ibutor of electr ic power i n the Rat1belt as long as the cost

lIIalysis used by the potent1al sponsor ts based on averaqe power cost s as seen
by indust r y and not lIar g1na l power costs as seen by electri c util it ies.
Cem-ercial and res1dential users lDtght undertake $lIaller scale cogenerat ion.

To sWlllar1ze, conservat1on lIIl!asu~es for res idential butld1ngs were

selected, and their perfoMlllnce and cost charactertsttcs were assessed as a

basts for reducing eteen- te denland . These conservat ion measures and the

generating technolog tes prevtously descr1bed were lDaJor inDuts to developtng

the alternative electric energy plans for the Ral1belt region . Cogeneratton

and waste heat ut111zation are unl1kely sources of eteet-te energy for the

Ral1belt region .
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5.0 ELECTRIC ENERGY PLAItS

Sh plans eere developed to provide a c~rtson of electric pOWl!r developmen t

strategies for the Ra t1belt ~ton. The plans "l!re se lected to l!ftCClq)ass the

full range of viable 9l!fterat ion and conSl!rvati on altl!rnatives available to the
Ral1belt. (a)

Plan l A, MPres ent PracticesMWithout Upper Susi tna . Generation additions

are conventional coal andlor gas·fired steall plants and other hydro­

el ectr-tc generation. Plan lA Is considered the base cese aga inst
which the others ere conpared .

Plan ta, -Pres l!f'l t Practices MWith Upper Susttna. Generation additions are

pr1ll'la rl1y by thl! Upp@r Susitna Project wtth SOllll! gas-fi red generation .

Plan 2A, ~iqh Conservation and Renewabl es Mwt thout Upper Susi tna. Gener atton

addi ti ons inc lude s ix small hydroe lectric dams, wind power . refuse­

derived fuels, and sane gas ified generation .

Plan 2B. -High Conservati on and Renewabl l!sM With Upper Susi tna. Generati on

addi t i ons are prhla rtly the Upper Susi t na Project and lesser IIlClJnt s

of the re sources Of Plan 2A.

Plan J , -Hi gh Coal -. Generation additions are prtllllrl1y fueled with coal

either directly or indi rect ly.

PTan 4. MHigtl Natu ral GUM. Gener ati on addi ti ons are prillll r ily fUl!led wi th

natura l gas.

Five ma j or factors were consi der ed when developing these plans :

• natural res ccrces aval1ab le in the Ra l1be lt N!gton

• current qeneratinQ facili ttes and utili ty plans

• perforwsnce character1s ttcs and availabtli ty of alternative

generati on techno10g1es

• cur re nt and forecas t ed requ irements for electri city

• input f roll public neetings

(a) To assist the reader i n i denti fyi ng thl! content of each plan, a foldout
stteet cont af nfng the t itles of the pla ns is included at t he end of the
report .
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With these fa ctors a subjecthe process was used to devel op the electric:

energy pla ns. As noted above, the pl ans were developed t o encCJllpass th e full

range at conservation and generation a lternat hes ava ilable to t he regi on

r ather t han t o se lect the -best- pla ns based upoo a fo rma l sel ecti on and

eva luation process .

A major conc~m of the State of Ala ska 15 whether t he Upper Susi t na

hydroelec tric project shoul d be developed or whether other al tem at1vn should

be pursued; t hus . two electric energy pla ns are inned i.tely logica l etctces .
Plan 1A does not i ncl ude the Upper Susttna project. whereas Plan lB does .

The fo,. r provi des the conditions fo r the -base cau-; that 15. th e case

agai nst wh ich the .lternati ves w111 be cDq)ared . Pla n lA and Plan l B provide

a direct compar h oo between conti nued development of conventiona l generating

resources and devel opment of convent i onal generati ng ~sources wi th t he

additi oo of the Upper Susitna project .

The public meetings held as part of th h pr oject. as well as ot her input s .

potnted to wtdespr ead tn terest t n both cooservatton and renewable energy

resw rces . While stgn lficant etecn-tc enerqy conservatton w11 1 t akl! pla ce

as a result of pr-Ice Incre as es tn al1 of th e electrtc energy plans . a specific

plan tn wh ich coourvatton al temathes receive greater _ hash t han t n any

ot her pla n 15 possi bl e. Thus , Pla n 2A. Htgh Conserva tion and Renewables

without Upper Susttna . and Plan 2B. Hi gh Cooservat lon and Renewables with

Upper Susttna . were selected. These two plan s t nclude t he conservat i on t ec h­

nologt es explict t ly analYZed as well as a varf ety at other measures that

genera lly have low Inith l cost and qutck payback periods. AmJng the unldentif ted

conservation eeesures are wt'atherstrtpptng. setback thennostats. water heater

jackets. and energy -cO'lservtng ltghting . Also asst.tned a~ prtce.induc~d

conurvation $lv ings . UK.se whtch change peopll!S' behavior pattems , such

as takt ng shorter snceers , t urni ng off lightS. and turn tng back t hennostats .

Low tn tttal tnvestment . qui ck payback conse rvation Is assumed to be adopt ed
as a matter of cours e .

To ecnte ve the IIlUIIllllll contrfbuti on f l"Olll ccnse rvarton , the conservatton

progn. as sumed in thh st udy goes beyond this IIIlrket- fnduced conservation.

The Sute of Alaska is assulll!d to provtde I gra nt progra lll t o res identi.l

electricity cons~rs to offset the fnt ti al tnvesblent cost of four te chnologln

wtth higher Intti.l cost and hi gh energy payOff. Those four tech nologtes are
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superinsulation of bul1dlngs, passtve solar des igns for spac e heattng . acthe

sola r hot wat er Mattng ••nd wood-fi red space heating . Bec ause IIIlch less

tn fonnatton 15 ava n able about speciftc end use s of el ect rt c tty in t he bust ness

sector. the conse l"Vatton supply plan s relted on es tt mat es of maxt llJlIl average

electrical conservation of about 351 1n th e bust ness sector and corre spondt ng

esti lMtes of IIIt ntllll,llll 11fe cycle energy costs . (a) The i ntthl capi ul cos t of

achi evi ng th is ..xt_ $lvtng was as sumed to be pro vided by a bust ness sect or

grant progrllll so that th e full Sl vin gs coul d be N!attzed.

Ftn. t1y. t he Marlcet penetration of the conservation technolog1n described

above for th e residential sector and the gener al eeesures for th e bus i ness

sect or .as estiNted fo r IIlIrk et condition s wi thout subs idi es . The di fference

between the subsicHzed and unsubsidiz ed case was th e tmpact of t he conser~a tton

supply pr ogram.

Plan 3 15 bas ed on tncreased use of coal. Coal 15 an att rac ti ve

fuel fo r e le ct ri ca l generatioo in the Railbelt a rea for several r easons :

• It ts abundant .

• Good. easity IIIned coal deposits are close to the load centers •

• The t echnologt es fo r both IIt ni ng and burn ing coal are well

establ i shed .

• Projecttons indicat e that coal will cont1nue to be compet1 tively pr iced

re lativ e t o alternativ e fuels .

Further . an export lIi ne w111 proba bly be deve lolJt!d at Beluga and t hereby

could provt de t he Coole: In let area wt t h a good source of coal .

Plan 4 is based on tncreased use of natural gas . Katural gas

15 currently the lIli ns tay f uel fo r el ectric generation 1n th e Anchorage-Cook

Inlet aN!a and may become avatl abl e t n t he Fatrbanks are a tf producti on and

transmis s t on of North Slope natural gas occurs . The ma j or fl vorable attrtbutes

as soc ta t ed with natural gas are i t s r1!!lattvely low env tronmental Impact cOllllared

(a) The basis for th es e as s UIIPtions is from work done i n suppor t of th e Oak
Ridge laboratory cCl'llllert1a l IlOdel (DOE 1979) .
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to ot her fossil fLle ls, tM lower caplt.) ccs t per unit of gener.ting C;.PiC1ty.

and the short lea j t illle involved in m.king c;apac1ty additions . Natural gas

15 a clea n and flexib le fuel readily adapted to condi t i ons of uncertain futur-e

dellll!lnd.

further , cons iderable known reserves of nat ur al gas [."J .900 bi l lion cubic

fHt (BCf) ] exis t i n the Cook Inl et ~ton . seee of th is gas is cClllWltted

(or dedi cated ) under cont rac t to 9as and electric utilities {620 BCF) , SOMe

ts cOllllli tted t o i ndus t ri al appli cat ions (alllne," la and urea production), and

some to export ('Io7JO BCf ) . About 98) BCf is t enta t ively COlIIIIitted to the

proposed (but currently unce r t ai n) Pac;t fi c Alas .... LNG proj ect for export t o

the lower 48 s t at es. A stgnifi u nt allOUnt ( '101600 BCF) of the kl'lOWfl reserves

appears f ree of cur rent cOllllt tJnl!nts . However . cur ren t indus t r ia l and export

uses wi ll prob.l bly cceee t e with t he gas and electric ut ilities for ccrrrnitmen t

of t his gas to t he i r operat ions and. thuS. tM future pr i ce is subject to

considerab le uncer t atnty . Cur rent res e-ves i n t ht' Cook Inle t do not appear

su tf id ent to allo- ex~nded gas use beyond 1990. Add1ti onal resou rces lIIi ght

be discovered . however .

Several ass~tions were made .hi ch are common to al l plans :

• Current uti lity pl ans for generat i ng addtti ons wil l proceed as pl anned .

• Gener at i ng units wi ll be reti red based "n typi cal eeeeeete lifeti mes .

• An in t erc;onnection bet-een the Ancl'lOrage~Cook Inl et and fat rbanks ­

Tanana Val1ey load cent ers . i ll be c~ Ieted t n 1984 and s trengthene<l

as necessary to a ll ow economi cal power exch.nges betwei:!n fa irbanks
and Anchoraqe.

• TM Glenl'\411 en-Va l~l load cent er elect rical l oads and 9enerati ng

capaci t y . i ll be COllGl ned with Anchorage·Cooll Inlet l oads and

~nera ti n9 cap. c;i ty.

• All lo. d cent ers lIl i : l ma inta in suff icient peaki ng capaci t y t o provide

peak requ 1rell'Jl!nts i n the event of t nterconeecrtoe failure .

• TI'le Bradley L.ke hydroel ec tric; proj ec t w11 1 be cOllPl eted and lIlil l
c;a-e on- l ine in 1988.
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The approach and rattonale for the selectton of the prelt.1n,ry eteetrf c

energy plans. as well as descrtpttons of the assu.pttons and features tn each

phn. are contatned tn Yolu-e Y.

The detatled elKtrtcal genenUon and conservatton alternatives that

were setected for each of the electr-tc ener"gY plans ere Su.aMZed tn Table 5.1.

In eaCh plan. the costs of constructtng the tran$lltsston systens to

connect the var-tOl,l$ generattng factltttes to the tntertted systen ere tncluded

tn the analysts. For exaq:lle. Plan lA tncludes the costs of constl"Ucttng a

tr'ans.isston systelll to connect the Chakachllllna projKt and the coal steam·

etectetc generattng plants located at Beluga with the Anchorage-Fatrbanks

tranSllltsston tntertte and the Anchorage-Cool!; Inlet transmsston system. Costs

also are included for the transmission facilities that are assumed to be bUilt

tn conjunction wtth the ftrst coal-ftred steam plant added in the Beluga area.

Slmtlarly , the cost of the transmission system necessary to connect the

addttional generattng factltttes at Nenana to the Intertte and the Fatrbanks

area 1$ 1150 included. In Phn lA other generattng flcilittes are ISS.-ed to
be butlt near ext st ing trlns_1$s1on lines. lnet the costs of connecttng tne. to
the t,..ns_tssion l.-e ignored.

aeceuse of the large she and location of the Upper Susitna project

( incl uded i n Plans 18 and 28). approx imately 1l1dlifay between Anchorlge and

Fa I rbanks. a retetfve ly exteeshe tranSlllission sys tt!lll is requi red. The cos ts

of the tl"anSllission systea necessary to connect the 'u r10l.1S stages of the

project with the Anchorage and Fairbanks area are tncluded with capital costs

of those stages.

While there are differences in transmission syst~ for Plans 3 and 4.

they are suff1dently sllntlar to the transnrlsston systl!lll in Plan lA that silll11ar

costs can be ascribed to them. In Plan 3 the additional alal·based generating

facilities are assumed to be added in the Beluga area and in the Henana area,

allowing much the $IIIIf! system to be used . In Phn 4 the addttional gas

generating factlities fn the Anchorage area are assulllI!d to be added in the

Beluga area . The exact location for the gas.fired capacity in the Fairbanks

area is not specified. but there are costs of COftnKttng these facilities to

Fairbanks and to the tnter-tte , These are asslllled to be the Sllllf! as for Plan lA.
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(a) Plan lA. · Pre sent Pract ices· without Upper Sus itna (Base Case)
Plan lB. "Pre sent Practices · with Upper Susftna
Plan 2A. -High Conservation and Renewables- without Upper SusH na
Plan 2B. -High Conservat ion and Renewables - with Upper SlJs ttna
Plan 3. -Hi gh Coal ·
Plan 4 . -Hi gh Natural Gas ·
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6.0 COK'ARATIVE EVAlUATION Of ELECTRI C EN( RGY PLAICS

Having select ed t he al t ernat i ve el ectr ic plans to be cons i de~ed, the next
s te ps were to descr ibe th~ In greate r det ail and t hen ev a l u~te their impact on
the Ra llbel t reg ion. A schedu le of pla nt add it ions was developed; i . e ., the
tyPe, s i ze. t iming, and location of each pl ant were speci fi ed. The schedule
was eevetcpee us1ng two COlllPUtl!'f" codes: RED { eescr-t eee bri ef ly t n Sect iOf' 3)

and AREEP (descr i bed tn th 1s section ) . A ~ajor out put of this computer
analysts was the cost s of elec t ric energy for each plan. and these were
compared . Qual i t ati ve evalua t 10ns of envtronmenta l and soct oeconomf c fmpacts
were made for each plan. this sectfon concludes wft h a qual 1t ati ve evaluat ion

of the st rengt hs . weakness , and uncer t af nties of each pl an.

Det ailed informat1on on generat ion system re11ab il fty, envl ~onmental and
econom i c effec ts for each plan t s presented in Appendt x D. The effects of

ot her qrowth scenarios can be est imated from th is fnformat1on.

6 .1 D£VELOP~HT Of DETAILED ALTERAATIVE ENERGY PLA NS

As prev10usly stated , t he demand for electr ic ity is part ta l ly dete~ined

by the prtce of electr lc tt y. wh ich ts det ermi ned largely by t he types and
pl!'f"formance of the factl fties used to gener at e electr1c lty. Thus , elect~ic i ty

demand for ecast s require some Int eract 10n bet ween t he demand and supply

forecasting methodologies. These int er act ions were perf ormed as shO'oll'l i n
F1gure 6.1 a~ led to a schedule of capac ity add1 tlons and the p~esen t worth

for each plan.

To start t he process . a price of electr i city fs assumed as inpu t to the
el ect ri cal de!lar,d mode l (RED model) . Us ing t his pr ice. as we ll as ot her input

data and assumpt1 ons, the RE Dmodel ~roduces fo~ecasts of peak demand and
annual energy consumpt ion for the Rallbe lt . The AREEP model uses these
forecast s Of peak demand and annual energy consumpt ion as input data and
pro~uces a schedule of plant add tt lons to t he electr ica l generation sys tem , as
well as pr tce of electr ic ity to the consumer . The resulti ng demand under the
new pr t ce Is compared to the demand with the o~1glna l pr t ce assump t ion , and if
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• SOUtU OfCA~Cny AOOITIONS
• PR£S[HT we-TH Of PlAH

FIGt:R:: 6~. Elect ri ca l Demand and Supply Inte rac t i ons

the two delIIands are re lat ive ly c lose. then supply and dellland are sa id to be 1n

equ tl lbr t l.ll and the process is halted. If the t wo dellands are not relative ly

c lose . the process is repeated unt il the demand estimates for two successive

I ter at ions for RED are relat ively close .

AAEEP requ i r es captta l and 0U4 cos t dat a (deve loped t n the preced ing

secti ons) . f in anci al ass lIllPttons. fuel cos ts . and t he desi r ed set of generatton

al t er nat ives from Nh1ch the mode l will select specif ic generating plants.

The general computational procedure used by AREEP to detenmtne the pr ice
of ~ lectr 1 c t ty for a part icu l ar case 1s presented 1n Fi gure 6. 2.

The fi r st step (1 ) is to &dju st t he cons~tt on forecast (peak. deland and

annual energy ) developed by the RED mode l for t r anSllllsslon lt ne losses and

unaccount ed energy. Th is adju stment determines the ~nt of energy that must

be generated. The peak. delIIands and annual energy f r(llll each of the three load

cent ers are added together and a sing le ar.nual l oacl dur ati on curve is deve loped

for the a-bine<l Rall belt reg ion.

The nellt step (2) is to deve lop a schedule for ne. addit tons t o the

gener at ing capac i t y. Generat ing capacity additions are based upon the need to

eeet the forecasted annual peak. Band. with allowances for 11 ne losses and
reserve . ..gin. The IIlOde l accounts for ret iN!11ent of exis ting plants . The
t.)'l)e of qener at tng alternat ive added ts sel ec ted f rt:lll a qenera l set of

alternat ives that 1S Input by the model oper at or .
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FIQJRE 6.2 . ARHP Diagram

Once tIM! schedule of new plant addit ions is es t ab lt shed , the cap ita l cost

and fi xed cost port1on of the electric1ty product1on cost can be computed. As

i ndi cated 1n Figure 6.2. th is informat i on is computed and us~ to forecast the

Product ion cos t of electric1 ty.

The next st ep (3) 1n the cOlllPUta t lonal procedure is the se lection of

ava1la bl e generating alternat1ve1 to gener ate el ec tr1c i ty dur ing any part1cular

year . The lIIOde l se lects the resource based upon the relat ive variable

oper at1 ng costs of t he alternatives . The alternative with the lowest oper ating

costs is se lected (di s pat ched ) first . followed by t he alternatives with the

next lowest variable cost . The generat1ng alternatives are dispatched 1n t his

order untl1 the annual energy deJand fs sat isfi ed.

F1nal ly. tIM! 1nfor-at1on on the amount of electr icity produced by each

gener at1 ng technology Is then used t o cc.pute the annua l variable costs of

pr oduci ng electricity for the Aa tlbel t reg10n (4) . As F1gure 6.2 shows. add1ng

6.3



t he t ot e l annua l fh ed cos t s """ i eh
o were comput ed earHer to the ttl

var iabl e cos t s produces t he to t a l annua l cos t of power t o'the 0 a annual
t evett zec cost of power ( a) of t he 1 f consumer. The

pans t hen ca lc u l at ed f rm the annual
cost s of eo....er over t he t ime hor fzo n 1980 to 2010.

D. Z DE T.\ Il EO OfSCRIPTIONS OF Pl A.'(S

~he tYJ)l!S of gener at i ng plant s to be cons t ruct ed, the i r s iz e , locati on
and tImIng for each of t he e Jec t ' •
d t II F r IC ener gy pl ans were deve lope<! tn greater
e a. or c l ar i t y ourposes , the 'lledi um -medt um (OOl j

(mod t econOAl1c scenario
fo r ::p:r ;~:n:;\~:O:~:;5~derate Statespending) was selected as the basis

The peak e lect r i cal demand for t he Rafl bel t f
t he year 2010 the peak demand is re g on was 540 /'!W i n 1980. By
t his 4IIlOunt ( for t he ~ ) e...p~ ted to be s 11ght ly l ar ger th an doub le

requi red to mee t t he " o a~a;~o~th ca~dc l tY l additions of about 1200 "'" w111 be

adequa te rese rve rnclrgins . • 0 re p ace o lder units . and to prov ide

6 . 2. 1 Plan lA ~Presen t Pr ac t ic es · Without Upper 5us i t na

In Pldn lAo 400 ...., of gas cOOIbi ned_c cte 400
H O .... of hydr oe lec t ri c capaci t . 1 ycr e, ~ of coa t s t e dl1l t urbi ne. and
per iOO . The hydroe lec t r ic Yi IfOU. d be added dur i ng t he 1981 to 2010 t ime

capac ty t nc t uces t he fo Tlewi ng projects :
• The Bradl ey l aite hycr oe lectr i c ro
• The ,: ha ltacllamna hydroe l ec t I p Ject ( 90 MW ) wou ld come on- t t ne i n 1988.
• r ile .4.lIison (7 MW ) ,lnd G r C proj ec t (330 MW ) would cane on· 1fne In 2002

ran t la lte ( ] MW) hydr o 1 t I - .
on-li ne i n 1992 and 1995 e ec r c proj ec ts wou ld come

• res pec tive ly .

I n the Ancllor age . Coolt In let ar ea :

• Coal s t e <1lll tur birles ( 200 I1rI i 199
1982 and 200 ,..., i n 1996) ,n 2) and gas combi ned-cycles (1]8 MW i n

OKlU d be i ns t a ll ed to 1proj ec t s . s upp ement t he hydr oe lec t ri c

( a ) The procedure
Appendix c. used to comPute t he levelt zec cos t

of power i s pre se nted i n

6 . 4

In the Fafrbanks·Tanana Valley ar ea:

• Oil a-bustfon-turbfne unf ts would be used f or peak ing until re t frenen t

OCCUI'$ 1n the ~fd-l990s.

• Gas CCIIIbil'led-eycles (lOO * ) each I n 1991 and 2010) would be added t o

pl'Ovfde peak fng generat ion and part l y to re e t ece 011 cOlllbustfon unfts that

will be ret fred .

• Coal steill-electrfc capacfty (ZOO /!IiI) would be al1ded f or base load f n 1997.

During t he 1981 to 1991 t illle perfod . electrical generation In Anchorage

would be largely s lClplf ed by gas CCIIIbust fon /tUl"'bine and COlIlbined.cycle with

SCllle hydroelectrfc generatfon . Durfng the next 20 years, generation i n t he

Anchorage area would be largely hydroelectr ic wi th some ~as ee-nbined.cycle and

coa l stel.lll t urbine generation .

In Fairbanks. coal st eam turbine capac ity wou ld be used f or generat ion

throughout the t fme horiz on. 011 cOlllbust ion t ur bi nes would be used dur ing the

f irst 10 )'ears ""11e SOllIe gas combi ned- cyc l e capaci t y would be used duri ng t he

rena inder of t he pet"' iod .

6 .2. 2 Plan 18 · Pr esent Practi ce s · Wf t h Upper Susf t na

In Pl an IB a llllQst all of t he additional capac i t y added l"'esults fran the

cons truction of the Watana (680 "" ) and 1)ey11 Canyon (600 ~~ ) ddlftS of the ~per

5usftna Pr oj ect. The Watana DdlI would cene on-11ne in 1993 and the Devil

Canyon DdIII 'IIOu ld COlfte on- tt ee In 2002. The Brad ley Lake pro ject ( go MW) would

cone cn-t tre in 1988. The only ot het' capacity added would be 70 * of gas

cOllbust i on turbine capaci ty and 200 * of gas cOllbi ned-e yc l e capac ity bl'Ought

on- l i ne in 199o and 1991. respectively , i n t he AnChorage ar ea.

I},ring the 1981 t o 1992 t 111\@ per iod . e lectr ical gene ration i n Ancho,..age

would be large ly by gas cClllbusti on t ur b f nes and cOlllbf ned-cyc l e capaci ty with

seee hydroelectr ic generat ion . In Fai r banks, 011 cOlllbu st i on tu,..bines and

diesel capacit y would be us ed until 1990.1991. 4nd coa l stel.lll turb ine unt il

2002 wn~n the Dev l1 Canyon DI.IIl would COIIle on-H ne, F,..om 2002 until 2010 the

lIIajority of eteewteat gener ati on i n the Ral1 be l t would be s uppli ed by hydro­

e lectr i c power. l arge l y fT"Olll t he Upper Sus i tn a pro ject .
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6 .6
6 . 7

• Addit ional generation lIIOuld be supplied by natural gas combined·cycle

(l78'" i n 198Z and 200 "" in 1987) and combustion turb ine (70"" In each
of the years ZOO6 and ZOO9.

In the Fairbanks-Tanana VaT1ey area :

• 11··,; .... of large wind turblne generati on lIIOuld be added In the Isabell Pass
are a"·s: t ng the period 1992 to 1996.

• A Z()../III refuse-derived fuel plant w111 cane on-11ne in 1994, and be

supplemented wUh an addit ional 20 "" in 1996.

Plan 3 assumes a transit ion from exist ing generating techn ol ogies to

alternati ves that use coal. directly or i ndi r ect ly , as a fuel . As previousl y
st at ed. coal is currently available fn the Ral1belt from the Healy area ; it 15

also expected to b~ r:..a tl abl e from the Beluga area fn 1988. This plan asslJnes

that coa l . f i r ed generat ion i n the Anchorage-Cook Inlet load cent er would be

loc ated In the Beluga area. aeset ced generation for the Fairbanks area w111
depend on the costs of facil fties located at Beluga compared to cost s of
fac ilities located in the Nenana area . With the except fon of Bradley lake (90

fill ) . lIIh lch loIOu ld come on-Hne in 1988. no additional hydroel ectric faci1ft ies

would be built .

In the Anchorage .Cook Inlet area :

• A 50"" ml6ti cipal solid eeste-de r tved fuel plan t lIIOuld come on-lfne in 199Z .

In the Fairbanks·Tanana Valley area :

• 50 fill of large lIIind ·turbine generation \,'Quld be added In the Isabell Pass

area in 199Z .

6. 2.4 Plan 2B - HIgh Conseryation and Renewables- With Upper Susttna

Plan 2B 15 simIlar to Plan 2A except that t he Upper Susitna project lIIOuld

be constructed. A number of the smaller dams lIIOuld not be bunt and lesser
amounts of fossil f uel - fi r ed generat ion lIIOuld be required . The hydroelectr fc

proj ects include the following:

• The Bradley lake project (90 MW ) would come on- 11ne tn 1988.

• The first stage of Watana (680 MW) loIOuld come cn- H ee i n 1993; Deyil Canyon

(600 III) " 2002.

6.Z.5 Plan 3 -High Coal-

Sasically, this plan 15 a cont ~nuatton of present generating technol0 ,,~..
with a trans tt ion to Upper SusHnl hydro......, 9 .

as r-equ.-ed . Addittonal ca it

'

requir ed would be supplied by conventional coel - st eee turbine or comb1ne/;ycC"
ac t ltt les . -. e

In the Anchorage-COOk In Jet area :

• If requ fred by load growth. combustion turbine and gas combi ned-cyc l e
capac t t y would be added u"t11 Uoper SUSHi'll is avaOable .

• After th e Upper SusHna Project is Completed
1 • coa l a st e arn turbine units

ecu d be added If requi red by load growth .

In the Fairban ks-Tanana VaHey area :

• comb~s tf on tu r bi ne and gas cOIIlbined-cycle capacity would be added as

::~dr: :;0: to the Upper Susft"a Project. and coal -steen turb ine units
e as requ ired after the Upper Sus t t " ! PrOject is complet ed .

6. 2. 3 Pl an 2A -Hi II Conser vatfon and Renew'bl.,.
Without er Sus i t na

Plan 2A emphasi zes ccoservet toe to reduce electrical
use of renewabJe en r energy deIlland and the
electrica l energy 9: : hsou~ces to prov ide for a signif icant port ion of the

• cont inuing State grant prog f
encourages the fns ta ll at io f ram s assumed that
heat fng, active solar lIIat:: ~~nSerYa t l on alternatives (passive so lar space
conseryat lon) Th ea ng, lIIOOO space heat ing. and bul1dlng

• e con~ eryatl on program is t l t
of 40 to 75 ~ In g. ' . ' ' 1 es ma ec to supply the equiyalent

a ng capaci t y .

Addi tional capac i t y requir ed lIIOuld be
alter natives as in Plan 1A T prov ided by conventional gener at fng

• he hydroelectri c projects tnclude :
• The Br adl ey lake proj ect (90 MW)

Ch ' the Allison project (7 MW) th
akachamna and GranTlake projects (337 ) • e

projec t (l00 "') ld MW , and the Keet na hydroelectr ic
wou come on- line fn 1988 1991 199

respect ively. • • 5. and ZOOS .

• The BrOlllne hydroelectr ic Project (
80 "') lIIOU Id come on-I fne in ZOOS.

In the Anchor age·Cook InTet area :

• A 50..,.,. IlIUIl fc lpa l solfd lIIaste-der l yed f uel 1
pant lIIOu ld come on- line in 1993.

•



In the Anc~rage.Cook In let area :

• Two ZOO rtI coal s t t bte,. ur ne power plants M)uld CCIIle on-Itne in 199Z and
z005.

• A ZOO rtI coal -gas tf ter COlllbfned· cye le lIIOuld corne ce-J tne in 1995.

• Three 700 HW gas ctwllbust ion turb ines lIIOu ld cane on.l1ne
ZOI0 . in 1991. ZOO9 . and

In the Fai rbanks -Tanana Valley ar ea:

• A ZOO rtI coal s t eam turb ine power plant M)uld coee on- line in 1997.

6. Z.6 Pla n 4 -High Natural Gas-

Plan 4 is based upon conti nued use of natura l gas for gener at ion in the
AnChoraqe.(ook Inl et area and a convers ion to natura l gas in t he

Fairbanks·T anana Va n ey area. The key asStnp t lons for th is plan are that

SUf fi c ient gas MtJl be contlnual1y ava tlab le in the Cook Inlet ar ea in the

anr>unts requ ired for electrical generat ion . and that nat ural gas 1'111 be

available f or the Fairbanks area fran the NOrth Slope begi nning fn 1988 Gas.

fueled alternatives t n th is plan Inc lude fuel-celts. ga~ comblned.c 1 •

combustion t urbi ne, and fue l -c e ll combi ned cycle. As in Plan 3 wt: :~e
except ion of the ar adley lake projec t (90 MIl) whf h •
1988 ddi i • c wou ld come on- li ne in

• no at onal hydroe lectr ic fa Cilit ie s lIIOuld be built .

In the Anchora ge-COOk In let area:

• A 178 rtI and a ZOO ItI gas cClllbtned. cyc le plants
and 1998. lIIOu ld COIle on·l1ne in 198Z

• A ZOO Kt gas fue l·cel1 station lIIOu ld COllIe on.Hne in 1995.

In the Fafrban lts·Tanana Valley area :

• Three 100 ,... gas Combi ned-cyc le plan t s
and ZOO6 . wou ld corne on- 11ne In 1991, 2005.

• TItO ZOO ,... gas fuel -cell s ta t ions wou ld come ......1' ,.
.... ' In 1993 and ZOO8 .

s.s

6.3 nECTRICAl DEJl'AND

The peak. electrical dealand tn a l1 plans Is Yery simil ar. ran ging fM:III

1120 fill to 1350 !'II by year Z010 (Fi gur e 6. 3) .

Plan lA. t he base case . re sults in a peak. demand of about 1260 """ In the
year 2010.

Plan 18, wh ich fncl udes t he Susi tna hydroelectric project. has a higher

e lectricity demand t o Ute year 1995 beca use of the populati on and emplo}'rrlent

impact s of construct ion of t his project. Si nce the Upper Susi tna project

results fn a s11ght ly higher cost of power t han Pla n IA bet ..een 1993 and 2005,

demand 15 reduced until after 2OOS. Mhen a lower cos t of poMer resutrs i n a

higher dentand .

Plans J and 4 are le ss shel t er ed fnJlll fue l pri ce es calat i on tha n the other

plans since t hey i ncl ude a li_1ted amount of hydroel ec tric capac ity. White t he

effect of esca latton Is not s fgnU icant cOllpared t o Pla n IA up to about the

year 2000. the l OMer reliance on hydroel ectr ic POMet'" i n the se cases Incr eases
the cost of power and reduces demand below that In Plan IA.

As pre vious ly stated. a ll pl ans inc l ude subs tant1al elec t ricity

conservat ion due to the cost of power. However . fn Pla ns 2A and 2B the demand

f or electr icity 15 reduced st 111 further by us ing a grant program to cover the

i nyes bnent costs of the four conservat ion alternathes speci ft ca lly analyzed in

th is st udy (but ldi ng conservat ton, passive soJar space heat in g. act ive sol ar

Mater heati ng. and \IfOOd stoves) , plus ceeeerc t el conseryat ton ini t iati ves . The

peak. delaanc:l i n t hes e plans 15 f rGlll 100 t o 140 ,., l ess t han Plan s lA and 18.

6. 4 COST OF POWER

The annualized cost of power f or all of the elect ric energy plan s Is
si milar (Figure 6.4 ). The major di ff er ences In t he cost of pOMer are in the

pl ans t hat inc lude t he Upper Susitna proj ec t (Pl ans 18 and 28). A r el at i ve ly

r apfd i ncrease in the cost of power occurs i n 1993 Mhen t he Watana D~~ MOuld

come on-Hne and anot her rap id incr ease in 2002 when the Oeytl Canyon Dam lIIOuld

ccee on· line . Hceever, the annuali zed cost of power falls r apidly beyond Z002

' .9
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and Is sign lf tcant ly lower than any of the other plans by the year 2010. Pl ans

lA, 2A. 3, and 4, Ilhtch re ly on fosstl fuel s , all show the effects of the

cont inued escala t ion of fue l prices throughout t he t illle period to 2010.

TABLE 6 .1 . level1zed Costs of PCMer f or Electr tc
Energy Plans (.t11sIt~)

Period of Analls ts
1981-2010 1981-2050
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li tt le difference ext vt s In the annua lized cos t of power for th ree pr illlar y
reasons :

l} As part of the se lec t ion process described ear lier. generating atternet tves

. lth high generat ing costs were scr eened out from f ur t her analysis. Si nce

the atternettves " Ith re lat ive ly high power cos t s lIltre not inc luded i n any

of the plans , one wou ld expect t hat t he plans would have s l_tli1l" l)Ow@I"

costs .

Z) Over muc h of the 1980 to Z010 t i lle period. the e lectri cal supply systems

(and thus the cost s ) are the same for all plan s . During t he fi r s t 10 years

(1980 to 1990) . the same capac ity additions ar e Included i n all of t he

plans . As a result , t he costs are the same over th is t ime per tod .

3) The cos ts presented In Figure 6.4 Inc lude distri bution and ut il i t y gener a l

and adml nfstr at lve cost s as eel l as generat ton and t ranSllltss ion cos ts.

Whil e the latter var y f rom plan to phn. the dis t r ibut t on and ut i lity

general and admln ls t rathe costs are assumed proport ional to the electr tca l

conSlPj)tlOtl and, as a re su l t, vary re lative ly li t t l e fro- plan to pl an.

Choos ing t he plan . i th the lowest cost of power is difft cult if only annual

D()wje!" cos t s are cons i dered, as in Figure 6.4 . FOr example . Plan 1A provide s a

lower cost of power t han Plan 1B duri ng the 1993 to 2003 t ime pertod • .mereas

Pla n 1B has the lower cos t (Jf power ff"(llll ZOO4 to Z010. To ce-pare the costs of
PDwt-r for t he var ious ;Jlans , un it power cos ts can be expr essed as l eve l tzed

costs . The leve1tzed cos t of power is comput ed by est illlati ng a s ingle annua l

payment , t he pre sent lfOr ttl of wh ich Is equh alent to the present wor th of t ht!
forec as ted s t re.v. of annua l cos t s . (a)

The leve lt zed costs of POllier for the six pla ns over the two periods of

analy sis are presented tn Table 5.1. The most s t r iking aspect of t hese dat a 15

that there h essent hl1y no differ ence tn the leve H zed cos t of power .wong
the plans . ith ln each period of ana lys is.

( al the procedure used to leve l 1ze t he cost of power is expla ined tn ~ppendlx C.

6. U

Plan lA ·Present Practices ·
58 ..Without ~per Sus'tna

Plan 1B ·Present Practi ces ·
58 59With Upper SusitnA

Plin ZA ~1gtl Conservation and
59 66

R~ables· Without Upper Susi t na

Pl an 2B · H1gh Conservation and
58 61Renewables· Wi t h l»per Sus1tna

Plan 3 · )tt gh Coal· 59 65

Plan 4 ·High Natural Gas· 59 66
As previousl y noted, an impor t ant observ at1 on from Figure 6.4 ts that th e

plans i ncludi ng the Upper Sus ttna projec t have htgher cost power durt ng the

1993 to 2004 tiM per iod. but t hey hav~ a l ower cost power in t he latter

years . Since: the service l ife of th.e Upper Sust t na proj ect extends beyond

2010. t his diff er ence i n power cos ts can be u pec t ed to be maintained because

Plans lAo 2A . 3. and 4 ar e ~re re Hant on fos s11 fuels , Ilhic h ar e expected to

cont i nue to escal ate.

To evaluate th is aspect of power cos t s , the level 1z'!d costs lIltre also
ted for the per i od 1981 to 2050 (Tabl e 6.1), asSUMi ng that no escalation

~occur tn f uel costs or capi tal ~lac!lllel'lt costs over the 2010 to 2050

ttme horizon ( and no generating capac ity is l dded ) . This assl,lllpti on

understates the re lat ive advant ages of the plars t hat inc lude the Upper Sus1tna

project. but t t does t nd1 cate the longer - t !"l pnweo" cos t advantaqe of t he

l ar ger hydroelect r ic project s .

Over t he longer t ime hor tzon the pla ns . Incl udi ng the Upper Susttna
project prov ide the l owest cost of J)O'Il!t". But even here t he dtfference is

only ~t 101. As st at ed above, the ass~t1on of no escalat ton i n fue' and
cap i ta l replacenent cos ts does not fa vor t he plans that t'e l l on t hose fue ls .

In Secti on 7. the ef fect of changes t n the key aSSl,lllpt1 ons leading to the se

results are evaluated .



6.5 POTE'lTIAl ENYIAOtH:NTAl ANO SOCIOECONOMIC r""ACTS

TI'Ie env1rorrnental and socioeconomic impacts were evaluated by eUlIlintng the

following lIajo r concer ns for each plan .

• ai r and water qua li t y: 00 poll utants that degrade t hese resources for

ot her uses exi s t?

• ter res tr ia l , aquat ic , and mari ne ecology: W'l1 any changes that reduce the

hab itat and production of animal and fish Itfe occur ?

• nois e. vis ua l. and odor: Are t hes e effects present to such olf' extent as to

cons t it ute a nuis ance?

• !'Iealth and safety: 00 any effluent s exist that lIay aff ect the nea lth of

work ers and/ or popula ti on?

• jobs In Alas ka: Does this te chnology crovtde new j obs?

• ooon/ bust eff ects : Are new construction COlllllunlti es buil t and t hen left
afterwar ds lIflth II_pact s on exis t ing cOllIlIunlty structure?

• la nd·use eff ect s : To what elltent lIf t ll la r ge ar eas of land be prec lUded f or

other uses by th is te chnology?

• suscept lo l11ty to Inf la t ion: To what extent is t he power cos t c lose ly t ted

to t he cost of nets such U'S coa I. oil . and gas?

• spending in ~l ask a : Will a maj or portion of the t otal cost of t his proj ect
be spent in Ala ska?

The envl rornenta l and scc reeconcet c i nf Ot'Watt on has been int egr at ed i nt o a

qua li tltive evaluation . sUlll'llari zed i n Tabl e 6. 2. The s h pla ns are li s t ed on

t ee ver t i cal axis of th is t abl e, and t he var ious envirornental and

socioeconomic sectors are list ed on t he hor izont a l axis . Each ltE!llt has been

des i gnat ed witn -+-, -.-. or -N-. The -+- i ndicate s the Impact of t he change

is pos lthe or desi r able. The - .- lndic at es a negathe or undesirable change .

The neutra l - ..- means that SOlIe change lillY occur. but t t is not perce ived to be

par t icularly des i r able or undest r able .

This system of eva luat ion does not measure the degree of impact; that is ,

sese -lii nuses- may be more det riment al than ot her -mlnuses- . Thus . the fa ct
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Si gni f i cant bOOll/bust and land-use effects can be associated with the Upper
Susttna projects. Capital costs are high. The Upper Susitna project lIay delay

develoPilent of coal re sources in the State .

IlIlproper river flow control Ilay be detr illlental to anadrOlllOUS f is h ssec tes ,

especially sallllOll. Cons ide rable exee-teece el tsts tn the ·lower 48- states t o c-:
eva luate the se potential effects and proposed IItttgat ton ll'Il!uurt:s.

Plan 2-': ·Hlgh Conservation and Renewo1bles· Wtthout lbper Susi t na will
create jobs and stil1Ulate s tgn t ficant spending with in the State. The heavy

re 1tanCl! on hydroelectric generat ion . wind qeneration. and natura l glS
IItntll i zes the probll!llS re lat ed to ai r quality. water qual ity. and ecology

i~cts . The plan ts relathely i nsens ithe to i nf lation ef fects . The
Rat1bel t c(lllllunity Is t horoughly involv ed tn conservat ton ac:th ttt es with its

r esu ltant i ncr ease in energy-use awareness.

Sene probll!lllS are lSSOCiated with the local bean/bust eff ec t s of the s ix

hydroe lectri c projects .

This plan ass.-es that a Stat e conserv ati on gr ant progr aJII Is created and
matntai ned. Potent tal health effects ar i s tng f l"Olll increased Indoor air

pOll ution caused by conservatton acthtttes may need to be dealt with.

Plan 28: -Htgh Conservation and Renewables- With Upper Susi t na has

s imilar advantages t o Plan lA with respect to at r and water quality. notse ,

odor and visua l effects . heal th and safety. new jo bs . and spendtng in the

State. Rela t hely good tnfo nnatl on eltsts on capi t al cos t s and envirorwnenta l

Impacts . Power cos t s '01111 be resistant to inflatton once the hydr oel ectri c

pr oj ects are construc ted.

The di sadvantages are s Imil ar to Plan 18; boon/bust and land-use llIl9acts

and high capital costs are assoc iated with the const r uct i on of the Upper

Sus i t na project.

As wtth Pla~ lA. this plan assumes an extens tve and cont i nui ng State

conservat1on grant program. As bef ore, poten tia l effects aristng from
incr eased Indoor ai r pollut ton may need to be dealt wtth .

th at Pla ns lA and 3 have t he most negative or undesirable notations does not
mean that over all they have st.Os ta nt ia i ly greater envirOl1l'llE!fltal and/or socio­
economi c Impact s . Sane per spect ive .ight be gained by rec ogntzlng that the

atlCUnt of new capacft y (about 1200~) tn the Ratlbe l t Is not la r ge for th~

ar ea over which It Is distr ibut ed. One .1ght elpect the lIlaj or impacts to arise

f r-on the Sus tt na projects . ..... i ch are la r qe and concent r at ed. New f ossil - f ueled

pla nts can be des igned to reduce eftvtrorwental impact s to very l ow levels .

~one of the power plants ..... ' ch /light be added to the sys tl!ll are larger than 2­

00 "" . apar t f rcn t he Sus i t na project . and should not cr eat e si gntf icant secto­

eeeeeet e illlpact s . hen Susl t na-s t ze projects have been constr ucted e lsewhere

In se tti ngs that are not unli ke the Rail belt region. and without unacceptab le

scc toecceca te effects . The conclus ion is that IIOne of the plans need resul t in
unacceptable envi romental or scctcecoecetc impact s . A IDOre detail ed ana lysis
of environmental and soct ceccece tc illlpacts is pre sent ed i n Appendh D.

6 . i\ SlMt\ RY Of PLAN EYAl Ull.TlDNS

Pla n lA: -Pr esent Pr actices- Without Upper Susitna is not s ign i f i cantl y

d ifferent fron Past e-ec rtces i n the Ral1 belt . Jobs wi11 res ul t fr"(lll t he

const r ucti on of coal plant s and the Chakachamna hydr oelec t r ic projec t . No

maj or problems are expected f rOlll water Quality ecology. health and saf et y .
~ocm/bust effec t s or spendi ng outside t l'le Sta te .

S<Jne impact s ar is ing frOlll air Quali ty and la nd- use consideration are
poss ibl e . From a cos t -of -power standpoint. inf la t i on ef fects ece to foss il

f lll! l use are poss ible . A pote nti al ext sts fo r some boon/ bust Impact s at t he
Bradley lake and Chakachamna hydroelec tr i c proj ects.

A major uncer ta inty In t his plan is whether t he export coal mine at 8e luga
wi ll be developed on t he schedule assumed in th is pl an.

Pla n 18: -Pr esent Practices- With Upper Susitna avoids impact s

lSSOC1at ed with t he burning of fosstl fuels; t .e •• those related to air
qua1fty . vis ibil i t y. health . waste di sposa l. et c. New jo bs ar e cre ated and

si gnif i cant spendi ng occurs with in t he Sta te . Const r uctton of hydroe lec t r ic
factli t les Is a well-estab li shed technol ogy. Re latively good i nfo rmati on is

available on capi t a l cos t s and envirOfJllental impacts . The pl an Is r esis ta nt to
Inf lat i on once the Upper Susi t na projects ar e construc t ed.

6. 16

Plan 3: -Htgh Coal- results in

const ruct coal - re l at ed f act l t tl es .

cons i der able spending wtth1n the Sta t e to

It may acce l erate- develo pment of coal
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re sources in the St ate . No ma jor problems are associated with health and

safety or boom/bust effects.

Seme pct ent i al problems could occur in such areas es air quality, water

quali t y, vi sua l impact s and land-use . Coal use is suscept i bl e to inflation

effects. Const ra int s due to the Pre vention of Signif icant Deterioration (PSD)

progrMll air .q uallty regulat ions are possible. Incremental coal mining and

reclamation activ it ie s may occur in Beluga and Nenana areas.

The development of the eapcr-t coal mine at Bell,ga with its effect of

reduc ing coal costs Is a major uncertainty .

Plan 4: -High Natural Gas- has very little effect OIl the environment .

No maj or probl ems are associated with boom/bust effects or land use .

Due t o IIi9h technology of fuel ce ll s and to a lesser extent gas coebtned­
cjcte uni ts , a substdn t lal amount of spending w111 occur outside of t he St at e.

inf lat ion effec t s are potentially s i gnif i cant because power costs are very

sensi t ive to t he price of natural gas .

The major uncertainty with t hi s plan is that natural gas reserves in the

Cook. Inl et area may not be adequate for e ll. panded generation beyond 1990 to

1995, Additional res erves w111 be requi red and the ir source, t iming, and cos t

are not cert ai n. Also , North Slope gas was assumed available at Fairbanks, and
th is avatl abi li ty Is unce r t a in.
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7.0 SENSITIVITY ANALYSIS

This sectton evaluates the sensit ivity of t he levellzed cost of power

to changes in several key parameters; that is, what ts the effect on the cost

of power if costs, project ions, or scneeutes are incorrectly estimated. In any

analysis , such as that presented i n the pre vtous sect lon, considerable data are

required to descr-Ibe the systems being analyzed . If the data and procedures

used tn these (or any) analyses were accurate estimates of the - rea l world-,

the evaluation results would be ell.act, and therefore no uncertainty regarding

the results would exi ..t.

Unfortunately, some level of uncerta inty t s associated with all data; that

is . the "correct" value for a parameter may be either larger or smaller than

the value selected. For example, the capi t al cost of coal steam turbtne

generating units located in the Beluga area has been est imated to be $2090/kW,

expressed In 1982 dollars. The only way to be completely certain of the

capital cos ts of such units ts to butld one. Otherwise, the cost estimate has

some uncertainty associated with i t ; that is, the cor rect cost estimate may be

either htgher or lower than the es t imated S2090/kW.

Furthennore , the methods used In analyZing the plans are not exact

representattons but rather simpliftcations of the real world . Because of these

bo factors , t he results have an uncertatnty associated with them. In some

cases the uncertainties are relatively small, and therefore thetr effects on

t he overall re sul ts may be relative ly minor. In other cases, the uncertainties

in a parameter or ca lc l:llatton may be relatively large, but the impact of the

uncertainties on the cve-al t results may still be relatively minor . In both of

these cases, the over all effects of uncertainty could perhaps be neglected.

However, i n some cases t he effects of the uncertainties do have a si gnif i cant

impact on analyses results .

Because uncertainty t s associated with most data and computational

procedures, it ts necessary to test how changes in a parameter or an analysis

would affect the results. Parameter values that are either higher or lowe~

than the ·best guess· est imate are selected and the analysts Is redone to see

how Ifll.Ich the results change. If the change ts s i gnifi cant . the results are

sa id to be sens itive to t he parameter est imate . If Itttle change occurs, tlte

results are sai d to be Insens i tive. The change in the results necessary for

7.1



7. 3

7.1 UNCERTAINTY IN FOSSIL FUEL PRICE ESCALATION

Plan 2B : MHt gh Conservation Ind RenewatllesMWtth Upper Susttna has much the

Sl.e tlehlvtor as Plln IB, stnce both tnclude the Upper Susi t nl Project . It has

slightly higher costs of pe-er than Plln IB over the extended time horizon.

Plan 4: MH1gh Natural Gas· behaves similarly to Plan 3. It pro vtees the

lowest cost of power over the 1981 to 2010 time period for l oeer- escalation

rates and for reduced demand beyond 1995. It is one of th e higher cost

alternatives over the extended time hor izon .

MHigh Coal· generally produces rel at t vely high costs of power over

to 2050 time period. As expected, it is more attractive in the cas e

fuel prt ce escalations .

Although a' consi der able effort ees made in this study to forecast the

future prices and availabil ity of fossil fuels and electricity in the Ratlbel t

region , these forecasts are subj ect to a high degree of uncertainty .

Internat ional pol it ical events affecting both t he pr ices of oil and coa l ,

nat ion«l poll ctes affecting t he pri ctng and del t very of natural gas and otl,

and national and state pol i c ie s affect ing both the pr t ces of electricity and

energy conservat ion create the uncerta inties. Also , because economic behavtor

of t ndiv i duals , ecstnesses , and government tn response to fut ure fuel price

changes must be extrapolated from past behavior, the degree of subs t ltut ton

among fuels and the degree of energy conser vati on are also uncertain .

7. 1. 1 Effects of Uncerta inty in Fossil Fuel Price Escalation on Cost of POIIIer

As discussed in Sect ion 2. a long-term 1II0rid oil pri ce esc alat ion rate 21

faster than inflatton 15 assumed over the stUdy's t ime horizon . The escetettcn

of natura l gas and otl lIIith respect to general inflatton 15 a subject on wh tch

there 15 little agreement . SOfI'E! believe t hat escalat ion rates tn the range of

1 to 31 over t he time per iod covered by this report (to year 2010) are

realistic ; ot hers bel te~e t hat the exper ience of the past year or t wo 11I111

preva ! 1, and there wt l l be no net escalation results i n a dOUb ling of cost i n

35 years , roughl y the t ime period covered by th15 study (11 has a doubling

period of 70 years ; 31 about 23 year s ). A ~ hl t ted resource such as natural gas

and at 1 In a grOllling economy has cons iderable price le verage . In a st agnant

econ~ such as th e world has experi enced over the past year or two, a limi ted

resource has much l ess le vera ge.

Plan 3:

the 1981

of le-er

the anal ysis t o ee deemed sens itive to an input parameter varies depending upon

the an. lysis . In scee analy ses, a chanl}e of 11 in the result lIlay ee quite

signif icant , lllhereas i n other analyses, ..... ch larger changes could tie

negl1 gltl le .

In th e cont ext of t his st udy , perhaps t"e best determinat ion of lllhether

t he re sults are sens i t ive to a parameter Is IIIhether the rank ing of the electric

energy plans i s changed. Many comput er runs lIIere made to est imate the

sensi tivity of the models to vari ous parameters. The results of several

important parameters are presented 1n t his sect ion, i ncl udt ng fuel or -tee

esc ala t ion ra tes , forecasted demand, capital cost estimates, and generat ion

efficiency. In general, the level tzed cos t s of r e- er changed tly less t han 51

in all the sensi tivity tests . The most sensitive estimate analyzed is the

Upper Sus1t na capt t a l cost estimates ( t n Plan 18 and 28) lIIith var iat t ons of

about plu s or lIl inus 91 i n electrical energy costs. Based upon the se ana lyses,

t he follow ing geneI'd1 conclusions can be drdllln re gard ing t he relat ive cos t s of

the vdrious pla ns.

Pla n 1A: MPres ent Practices MWithout Upper Sus itna has relatively statlle

lev elf zec costs of power among the var tou:> sensi t ivity t es t s . aenerett y, sten

IA Is ne ither t he hlghes t nor l owe~t cost . The cos t s are s t atlle eeceuse t hl s

plan includes a mo re diver se mix of supply options than the ot he!" plans .

Raoidly i ncreasi ng demand dur i ng t he 1981 to 2010 ti me period causes its cost

to be relat ively h1gh.

Pla n IB: MPresent Practices MWith Upper Susltna has relat ivel y l ow power

costs over t he 1981 to 2010 ti lllt! per-tcd , except for the cas e assuming higher

th an ant icipat ed cdpltal cost s for the Upper Susl t n. Proj ect . Also, t his plan

cr cvtces ei ther t ile lowest or near ly th e 10000est cost of power i n a ll

sensitivity t est s over t he ext ended ti me peri od. It does r-elat tvely les s well
in cases with l ower demand growth.

Plan 2A: MHi gh Conser vat ion and Renewatl les MWi thout Upper Sust t na has

re la tive ly high power cost s in most ces es because of the plan' s reliance upon

hydroele ctr ic proje cts t hat have high capi t al cos t s relative t o t he Upper

Susttna Proj ect, dnd eeceuse it does not have lower cost fossH fue l

at ternet t ves as an opt i on. This plan hdS the highe st cost of power i n t he case
wher e elec tr i cal demand increases rapidl y after 1990.
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In t hts ser ies of sensi tivity tests . world oil pr ices u e u su.-d to

escalaU at rat es of 11 . 00 31 to eu luate t he effects of l ower and higher fuel

pri ce uca ll1tton rat es on the cost of power and electr ictty de-.nd . Because

ot her font l fue l pri ce e5Ct1I . tton re ees are anulled to be I1nked to world oil

pr ice s , t he long-terti esu l.t t on eeees of oUter fuel pri ces are llOd1fied to be

cons t s t ent " Ith the price of 011 . In Table 1. 1 the leve ltled costs of po-er

for t he 11 and 31 fuel pr ice e5u lat10n r. tes ere CQllPared with t he costs of

power for t he 21. fue l pr1ce es calat10n ra te case (prt!Sent ed in Sect1 0n 6.0 ).

TASLE 1. 1 Effect of Altern.te Foss tl Fuel Escalation Rates
on Levelt zed Cost of Power (_ 11is / kWh)

Base Case
21. Escalat t on 11 Esca h tt on n Escalat10n
1981- 1981- 1981- 1981· 1981- 1981-
lO10 2050 !QJ!.. lOSO ~ 2050

Pl .n lA 58 .. 50 61 60 67

PI.n 18 58 " 57 61 57 58

PI.n 2A 59 .. 57 .. 61 69

Plan ZB 58 61 58 63 57 58

Ph n J 59 65 58 62 62 71

Pl.n • " 66 55 62 61 68

In t he IS reet E:sca lat1on rate case . 1,n e lt zed power costs genera lly

dr opped in t ne cases usi ng rela t he ly high alllOunts of f055l1 fue ls f or

generat ion (Pla n lA, 3, and 4) over both peri ods of IInalys15. Thi s dro p

refl ect ed the eeeccee cost of generat1 0n. TI'Ie pla ns usi ng re l.t h ely less

fon t l fuels for gener att on (Pl ans I B, 2A . and 2B) h....e a sltght cos t redu ct t on

over t he 1981- 2010 t1me peri od. but show a s ltght t ncre ese 1n power cos t s over

t he longer t1 me per1od. Thi s i ncrease occurs because the pr i ce of foss l1 fuels

re lat ive t o elect r1city graduall y dec rea ses. causi ng consumers t o swi tch

fue ls . Thts s" ltch reduces dem.nd for el ectr icity, \Ilh 1ch s l1ghtl y t ncre ese s

t he cost of e lectric ity over th e longer t ime per iod for these pl ans. The

illlpacts of l ower lind hig her fuel pr-Ice escalat10n on t he delllo1 nd for e le ctrici ty
are etscussee la te r .

A 11 fuel pri ce es cala t ton ra t e reduces the re lat ive a4vanta ge of the pl.ns

t h. t 1ncl ude th e Upper Susl t na pro j ect . If fuel escalat ion rates . ere furt her

reduced. t he re la t ive adu nta ge of t hose pla ns .0014 be reeccee furt her .

7.'

In the case anuiling a 31 escalat10n rate 1n fuel pr 1ces, power costs

stgn1ftcant ly i ncreased 11'1 those plans us1ng relat ively high alIOUnts of fossil

fuel s and decreased 1n the plans less rel iant on foss i l fue l for generat ton.

In the cues us1ng re lathely large alllOunh of foss 11 fuel for genera t10n . the

I'I1gher costs of fue l increas ed the cost of generati on. In the plans less

reltant on foss11 fueh. the costs decl1 ned because t he pri ce of elect r tc t t y

decl1ned rel athe to foss il fue ls . This decline caused a sw1tch to

ele ctr1c1t y. wtltch t ncreu ed detDand . The t ncreased dHland. in turn. reduced

the costs. (The cons.-er rea ction t o changes ' n re lathe pr1ces ' s discus sed

1n gr eater det al1 tn sect10n 1.1 . 3. )

1. 1.2 Eff ects of Unce rta1nt y i n Foss i l Fuel Pr tc es on OeNnd for El ectr1city

The effects of the al t ernat h e foul1 fue l pr ice es u la tl on rates on t he

peat dMa nd for elect r t c lt, tn the year 2010 ar e presented In Tabl e 1.2 .

TABLE 1.2 Effec t of Alternate Foss i l Fuel Pr ice Esca lat ion Rat es
on Peat Electr ' ci ty Dec&li nd 1n 2010 ( ttl)

Peat OeNnd ( 1ftI)

Base Cas e
21 Esca14t 1on " Esca 1at ton n Escal at ton

Pl an lA 1260 1160 1310

Plan 18 13S0 1160 1560

Plan 2" 1130 1040 1160

Plan 2B 1250 10S0 14S0

Phn 3 1190 1130 1200

Plan 4 1220 nso 1260

For the II fue l escal at 10n rat e case. the plans t hat rely relat i vel y

he....lly upon f oul1 fuels (Pla ns lA. 3, and 4) gene rally show a sl1ght decline

in delllo1nd . whereas those less dependent upon foss 11 fuels show a more

s i gnif icant decl1ne . In the fonner uses , both electr1city anc foss il fuel

pr1 ces ar e l ower than i n Plan l A. caus ing t he overall energy demand for both

foss 11 fuels and e lect r1ci ty t o Increase , However. the effects of fuel

switch1ng away frOlfl el ectr1c1t y appears to outwei gh the overal l energy delllo1 nd

effects of lower electr1c1ty pr ices.

7.5
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7 .1.3 Consumer React ion to O'langes i n the Pr ice of Electr ic ity Relat ive t o
Other Fonns of Energy

The effect s of fue l and e lectr icity pr ice changes depend on cons use­
rea cti ons t o t he changes. These reac t i ons were s unmar tz ed In t he REO model i n

a set of stnt-t- and l mQ-r-un demand -e las ticiti es- fo r el ect r i city. An

elasti city is t he ratio of b«l per centage changes. Own-pri ce el astici ty Is th e
percentage change in lJ.Iant f t y of etect rtcf ry dem anced divided by a gi ven

pe-cen tece change i n t he pri ce of ele ctr iCi t y. r eoss- prt ce el as t i ci t y is th e

percentage Change i n lJ.Ianttty dem anded of el ect r i ci t y f ol' a gi ven per cent aqe

change in the prices f ol' substi t ut e f uel s such as nat ur al qas and 011. The own­
crtce and cross-pr ice e l ast ici t i es of demand are us uall y l ar ger t he l onger t he

period of t frn e over whi c" t he cors uae- has t o react to a gi ven change i n

pr t ces • The cons llll@\" is abl e to make more cost ly changes i n fue l -USin g
equi~ent over t he lm gel' time per i od.

For exampl e, Fi gure 7.1 s l'cws the effect of price changes In t he base
cas e. In the fi gure, t he t tre mar ked · No Pet ce Eff ect s· s hows what the

fo recast el ect r icity dem and NJu ld have been had rea l pri ces of el ectricity,

f uel Oil, and natur al ces renai ned const ant over t he f ore cast peri od. and If

pres ent t rends i n si zes of ~ i ldi ngs and appl lllnces had cont i nued. HC1Wever ,

the act ual f ore cast essua es t hat the e- tce of el ect ri ci t y mor e t~an ci>ubl es i n
1'182 doll .,.s i n Anch::l rage . wh ile tn Fai rbanks i t fi rst falls by SOl. then

slowly ris es again to Its 1980 val ue. FUEl 011 about mubles i n pr i ce over t he
f orecas t period i n both ar eas , whil e natur al ~s quadl'upl es in pr i ce i n

The plans t hat ar e less reli ant on f osstl fue l s (Plans l B. 2A. and 2Bl
sin ... a h rge r decli ne In demand . In these cases , t he pri ce of fos sil ft.e ls

decr eases relat i ve to t he pr i ce of el ect ri c it y because the pri ce of electrici t y
Is not heavil y influe nced by the crop i n f ossil fuel pr i ces. This re l at ive

pri ce acIva nt aqe of f oss tl fuels caus es f uel swit ching t o t ake el ace o!IIIay f rern
e lectri cit y and towar d fossil ft.eh.

In t he 31 fue l escalettci cas e the demand for electricity goes up i n all

cases f or the s ll!le reason s it declined in the c-e vtous case . In these cases
the pr i ce of el ectr i city goes down re l at i ve to fos sil fuels , caus i ng f uel

switChi ng to elect ri cit y. Again. t he greatest nount of fue l swit ching ta kes
place i n t tcs e cases t hat are l ess reliant on f oss il fuels.



"nc.hora ~e 011'10 fa lls by 501 or ec re t n Fai rbanks . With such s tqn tficant price
changes 11'1 the cost of energy and si gnif tcant changes In t~ relat iv e pr i ces of
flle ls . ..ctl,; al terecastee e lect r i city Cl eMand fs considerably reduced f:"011 tl'le

ve lue It ..au ld n,n e I\"d . ""'d t here been no changes In pr t ce . Thts Is shown as

t he li ne ~ Bas l!' Case · in Figure 1. 1. The differenc e 15 substantta l by the year
ZOIO·· atKkl t 610 "'--- . nd re present s pr ice- induced conserutt on and fuel
s. it cning.

Tne iUC "OdeI re li es on pr i ce elut tct tt es derhed fF'Oll a re .j@w of

ecceceer - tc est i ..res of decwM for e lectrici ty In the United St at es to

forecast t nl!' effects of fue l pr-Ice changes on t he d~nd fOr el K trtc tty. The
' best guess · el ast i ct tl es used IIfI'l@n the -ode l 15 run In It s certat n mde
(oefa ul t u lue s ) are shown tn Table 1. 3.

aeceuse •• r ious sourc es est i.. t ed the elast i cit ie s in diffe re nt cont ext s .
usi ng a ur ie ty of daU sets. and productng different I!st t..ees , the RED -ade l

aho cont a ins a ranl}e of vetces for l!!!lastl ctt i l!!!s that can be se t ectee r.ndOlllly
by the lIlOdel 's Monte Carlo rout tnl!!! . As consulllers change thetr uses of
el ect ri ci t y i n response t o changtng enerqy pr tce s. t M pattern of use dur ing

the year also wi ll change. Very lttt le data ar e n an able to quant itathely

li nk t he changes t n t he p.ttern of e le ctr ical energy use In Alaska to changes

i n the ra ti o of n erage annual l oad to peak~nd when rehthe prices

change. To re flect th t s uncerta inty In the rat io of ave rage annual l oad to

peAk de-and - the so- can ed · l oad fac~or· - t he RED lI)del all ows t he annual

load factor t o vary. The hi s t or ic avera ge In each load cent er i s used as t he

load fa ct or when the llOdel 15 run i n i ts cert. i nty-equl.,. lent -ode. In each
l oad center . the l oad fa ct or 15 allowed to r. nge t rOll the highest to the l owest
Vllue reeereee for any uti lity fn the l oad center durt ng the 1910s. The

a ssu~d r ange of e last ic it ies and load factor s for each load center ar e shown
tn h bb 1. 4.

TASt E 1. 3 . Defaul t Ya' ~s Used i ,. t he R£D Hodel

ShO,.t -Run (l Ye-ar) E ' as ti C~

Sect or Sector

TABLE 1. 4 Range of Elas ti ci t ies of Oe-and and l oad
Factors Used tn t he RED Model

Sho,.t -Run (1 Year) Elastt ct ty
Percentage Change i n Electri city Demanded
for a One Percent Increase in t he Price of :
El ectricity Fuel Oil Natural Gas

Resi dentia l

Busin ess
- . 15
-. 30

.01

.03
.05

.05

Residential

Business
- .08 to -0 .54

· .20 to - . 54

.01 to .03

.01 to .05

.05 to . 10

.0 1 to . 10

Source : VolufI ,e VIII -Ra i lbelt Electr ic ity Dema nd (Red) "'ode ! Spec ifica t 10ns

Resi dent ia l -1. 50 . 13 . 50
Busi ness -1.00 .20 .30

El ect r1c1t y
l oad Factors

Fuel 011 Na t ura I Gas
All Sect ors Combi ned . 5573 . 01899 . 5216

Percentage Change i n Electricity Demandl!!!d
fo~ a One Percent Increase t n the Pri cl!!! of :

Electrt ctty f!:!!l...Q!! Natural Gas

l ong-Run (1 Year) Elasticity

. 11 t o .81

. 18 to .41

Natural Gas

.454 to .612

Fuel on
. 416 to . 591

.05 t o .21

. 15 to .31

Load Fact ors

Electrictty

.492 to .634

-1. 02 to -2.00
- .87 to - 1. 36

Residential
Business

All Sec t or s eominl!!!d

n ect cty 1'1

Increase in the Pr ic e of :
f!:!!l...Q!! Natural Ga s

7 Year Elasti ci tlo n -Run
~ercentag e ange
fo ,. a One Percent
Elec t r ici t y

7.8
Source : Yo1lJ111! Vltl -Ranbell Electri cl t v Demand (Red) Model Soectfi cat i ons
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1. Z. 1 High·Ht9h EconClltc seenad 0

As discussed in SK t 10n 3, electr ical dellland f orecas t s .ere made for s ix

eccnce t c scenar ios. The analysts and discussion presented in Sect i on 6 assumed

t he lIIl!diuli or base case. lo.ld growth scenar io (.... lIll!diulll eccncetc gro-th and

IIll!dtull st ate spending) . In t his sectton the effects of hi gher l o.ld forecasts

an t l'le l e ...elt zed cos t of pceer are pres ent ed and etsccssee , The analys ts .as

conduct ed for t he high economic s cenar io (HM . high econce t c growth and high

st.te spendi ng) . The peak. dema nd and annual energy consumption for the year

2010 for the _diull (bue case) and ht gh econOllic scenario are presented fn
Table 1. 5

7. Z IJNCERTAINTY IN ELECTRICITY DEMAHO FORECASTS

f1gu re 7. 2 shows the effect on peak. demand of a11OM1ng er fce elast1c1ttes

dnd lo.ld fact or s to ,.ry. The st\aded zones on the ftgure are the SOS

·conf 1dence tnt er , a ls" for the hi gh . -.ed l ~••nd l Oi' ecane-tc scenartos

c0lllb1ned . ttn tl'le Plan 1'" and zs. . orld oil price escalat1on. The Probabt 1tty

is Z51. t hdt It i s teeer than t he tee er bound i n each case and Z51. that i t is

hi gher than the upper bound. nle prob.bil ity 1s therefore 5O't. th.t the true

... . l ue l ies bet.een t hose ...etues , As ft9J1'e 7.2 sno-s. t he peat de-and 's

cent ral ' al ue for year 2010 is 1280 MW, . itn a 50s probibt ltty of lyi ng betw@en

1150 and 1400 PIlI. Using tl'le dehu l t 'a lue for ehst ic ttf of d84nd and load

f.ctors in t he IlIOdera t e cas e . delll4nd .as IZ60 MW. The ftgures dfffll!r for Monte

Carl o and cer ta inty-equhalent cases eeceuse only ZO iterat tons were perfonned

to generdt e t he distribut i ons In figure 1. Z. Inc reastng the number of

i t er. t1 ons to 100 reduces the Ilean decund to IZ60 PIlI. In ttle f tgure Shown.

1280 MW i s t he llIedtan decland. The ftgure i ndtcates t h. t a reasonab le ru le-of .

t hulIlb fo r t he forecasts is that . given the eceeeetc scenario. t he forecast

der.ldnd is t he cenr-e t (defa ult ) value, plus or minus about 100 MW .1th 50s

confi dence. If higher conf i dence levels -ere required. the conf 1dence Inter...a I

. ould . Iden sa-ewhat . Therefore. as Ftgure 7.2 shows . t he forecast case s are

, i r t ually indisti nguishable until late t n the forecast period because of

uncerta inty concerning ccnsuee r response to energy pr ices .

(a) Shaded areas equal SOl confidence tntervals .

7. 10 1.11



TAB LE 7. 5 Peak D8I"nd and Annual Ene,.qy Use t n 2010
f oro th~ Medtllll and High EconOlll1c Scenert es

PI an l A 1160 &'60 1760 9O!0
Pl an 18 1350 66.., 1890 9630
Pla n 2A 11:1> 5520 1510 7650
Pl an 2B 1250 6100 1820 9160
Pla n 3 11.., 5910 LiIO 8l~

PTan 4 1220 6060 1650 .. '"

Base Case
Med ium EconlJllic Scenado
Peak Annua l
~ Energy ( GWH)

High Economic Scena,. i o
Pea k: Annua l
(.." E"em y f GWH)

Ha.eve,.. ave,. the ex t ended t. tor1zon Plan 18 qh M a cost of DOWer of 60

mtll s/kWh COlllpa,.ed wtth 66 .. n ls/ kW h f or Plan 2A . Plans IA. 3. and 4 all have

hlqner costs of powe,. over' both toile hor1zons. This analysis indicates that

the plans i ncl udi ng the Uppe,. Susitna pro.ieet beCOllle more attracttw f or hicj'ler

el ectrical energy dl!!llands .

7.2.2 Low-low EconOlllic Scpnado

Tn this sens itivity test . the ef fects of l CJlll@l'" forecasted el ectr i ca l

deund on the level1Zed cos ts of power ar-e evaluated for each of the elect r ic

ene,.gy p~ans . For this almparison the low private eccncntc growth and low

state spending econonric scenari o is used . The peak dEmand a....uel enerqy

forecasted for the ,ear 2010 f or the Iltdillll and 10l0l ec::onClll fc s cenar i os ts
pr~enttd In Table 7.7.

The l evelhed costs of powr fo ro each Dhn for t~ lIIett t llll economi c

scenar'io ar e COII pa,.ed to t he levelt led costs of power for t ho htc1'l eccece t c

s cenar tc 1n Table 7. 6 foro the t ime periods 1981 to 2010 and 1981 to 2050.

TABLE 7.7 Peak Denand and Annual Ene,.gy in 2010
for Mtdh'" and low EconCJllfc Scenarios

TAB LE 7. 6 Lt"'te ltzed Costs of POloIer' f oro Medi Ull and H f~
Economic Growth Scener tos C.. t1 IS/Ie"" )

As s how! i n Table 1 . 6. i n t~ M(jt econOlll1c s cene-t e PTan 28 has the

l owes t l ew lt zed cost of POwer- ove,. bot h Pel" iods of analys is (57 ",n ls/ kWh o~,.
the 1981-2010 t -.e Dert od and 59 .. Ill s/ kWh over t he }Q81.2OS0 tWne De,.i od ) .

Pl ans 18 and ZA both yi el d 58 1IIt1 1/ lcW h power ow ,. the 198:>-2050 t t me rn,.1r.Jn.

Pl an l A 58 64 60 66
Plan 18 58 59 58 60
PTan 2A 59 66 58 66
Pl an 28 58 61 " 59
Plan 3 59 65 &' 68
Ph n 4 59 66 6\ 68

High EconOlllfc Scena,.i o
Puk lilii'iual
1!!!1. Enemy f GWHl

1000 4940

9<Jl 4880
920 441J)

98:> 4760

960 4730

1010 498)

&'60

"..,
5520

6100

5910

6060

1260

1350

11:1>

1250

11..,
1210

Base Case
Mediulll EconOlllic Scenario
Peak Annua 1
1!!!l. En~""y ( SWMl

Plan lA
Plan 18

Plan 2A

Plan 28

Plan 3

Plan 4

The 10l0l ~con(llllfc scenar'io resul t s i n a m decr ease i n annual ener gy use

and a sill ihr decrease in peak: demand.

The leve1fzed costs of power f or the medillll arHl the low eccnce te scenarios

.....e presented in Table 7.8 for the two periods ~ analysts . 1981·2010 and 1981·

2050.

19M.
~

Sc en"rio
Base Case

Med ium Econom ic Sc"enar to
19M. 1981.
~ ~

7. 12 7. 13



For the l ow eeeeoe e foroecast aRt J)-year t illle fr n e. t he l owest te vet t zed

costs of power res ult f n:n Pl ans 28 and 4 ( 51 I1 t1ls/ kW hl . Plans lA, 18. ZA and

) have slightly hl 9her cost s of Power ( 58 IIltls/ kWh) . Over t he I m qer t he

per i od Plans IB and 28 have s1191t ly l ower cost s . Phn l B. i ncl udt ng Upper

Sust t na. is t l'le lIlost adve l"'S ely affected by l ow growth. whtle Plan 4 is mos t
favorably affKte<! .

7.Z .) Effec ts of Electr ical l oad Gr owth Higher and lower Than Forl!Casted
After 1990

As rnenti CWled earHer there i s a roeht hely l ar ge <!'ftOt.Wlt of Wl~r t ainty

r~ g""di n g growth in electrical denand i n the Ratlbelt . l'moreseen event s lIIay

cause danage to be s t CJIi fi cant l y hiljler or l ower t han eeecrec, Factol"'S

contribu ti ng to this oocer tai nty incl ude the fo l1owtng:

1. The urc er t al nty in world crude oil prices . Crude 011 e- ree s affect

elec t rical d811and in the Ratlbelt i n two ways. First l y. si nce the State is

heavily dependent UPOfl roya lty and severance ta.ll revenues from the North Slope

ott fi el ds . l ower IlOrld oi l prices reduce State revenue which. In ':: ur n, reduces

t he /lllOISIt of lIO'Iey avat t able to be eJ;lended in the State. Since state
gover nnent spend ing accounts for a relatively t e-ce anount of total

ellPendltures in Alaska. world o-ere 011 pr ices have a major illlpact m eccnea tc
growth In the St at e .

TMlE 7 .8 leve lized Costs of Power for Medhlll and low
ECCWlomt C Growth Sceneetcs (mn l sl ",," )

aese Case
Medium Econantc Scena r t o
1981. 198! -
2010 2050

Secondly. s tnce fuel on and other fossl1 fuels canp@te with electrictty

tn many end uses such as space heating. wattl'" neattng and cookt"g. and s ince

all fosstl fuel pri ces tend to be t nfl uenced by 'IlOrld cr ude ott pr ices, crude

otl prtces affect the decisicn by the conSll!ler" CJ'l wh ich energy sour ce to use .

If foss 11 fuel prices are low relative t o etectrtcttv prl ces , then C0n5l111er s

.,,11 tend to use more fossil f!.Els and less e lectr tctty. Cm ver se ly . i f f ossil

fuel eet ces ar-e ht91 relative to electric tty prices. then ecesceers .ttl tend

to use more electricity and l ess fos sil f le ts .

2. The urcertatnty in lame private econan ic derve lCJlment protects .

Constructtm of l ..ge prhate developnent projec~s such as t he ANGTS pipeltne

can have relattvely large i.pact CJ'l DOPllatt(l'l and @lIlplo)lllent and as a eesut t

can si gnift cantly t nfl uence etectrt cal d8lland.

~rhaps the best strategy to dPal wtth such l.. u:er t at nty 15 to ret ai n as

.uch flextb i ltty as POS~ible when plann ing f ut ur e electrt c al generatt on

addttf(l'ls. Polt ctes crl strategies can be de$t~ to red uce the r ts k of

having either too !luch or too H Ul e qeneratin9 capac it y at any point t n

ttee . Soch eef t et es are also re ferred to as hedgtn g strategies .

The key to lIaintatn tng lIunum fle .llibtHty i n eteerrte power planning is

to add generat ing factt itt es that are relat tvely small ~ have s.-or t li censi ng

and constructim t"'es . HO"'l!ver. tn lIl ost cases, l (J'lCr t enn el ectri ctty

9!neration costs fl"Olll gererattng tecmol(lC)ies available t n SlIlall I,II its and

having short constructiCJ'l pertods is htghe r than qenerattCWl costs fran

technologies available in larger s izes wtth l (l'lql!r C')n'itr uet t CJ'l pertods .

(Exanples of generattng tecmologies ava flable in 9Ilall units wtth relattvel y

short construetton pertods tnclurle com~sttCJ'l turbtre and combt ned· cyel e

units . While historically these tecjnotcqtes have offered low generat1C1l costs

tn the Anchorage area because of ttle avatlabtl ity of low cost natural gas . this

sttuation is not expected to continue in t he fut ure. hanples of tecmologtes

available in hrge sizes with lCJ'lql!r cons t ructtm per iods inclute coal -fIred

steee-etectrt c units and 1arge hydroel ectrt c factl1 t t es, \ These cons1derati ons

lead to trade.offs between generally 1ower cost generattcrl technologies that

require lmqer lead tnes but that reduce fle.ll1bf11ty to respond to changes in

demand, and qeneral1y hig,er cost generation tecmologil!'S that allow storter

lead times and thus provide more flu1bl1 tty in planning.

1981­
~

65

63

66

61
67
64

Scenari olow Economic
1981 .
2010

sa
sa
sa
57

sa
57

64

59

66

61

65

66

sa
sa
59

58

59

59

Pl an l A

Plan 18

Pl an 2A

P IMl 28

Plan )

Phn 4
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As shcM1 i n Table: 7 .9, the r educed deland has r elatively 1i tt: l @ tm pact on

the leve ltzed costs of power over ttle 1981 to 2010 t ime per iod . Over the

l ooger time pertod the costs of power of all the plans eo up; however. t he

costs of power for Plans IB and 2B...... t ch i ncl ude t he UpPef' Susitna ProJKt. go

up more than the costs of power for the other plan s . Thts i ncr ease results

because tte Watana DoJIl is tu ild and comes on- lfre i n 1993. about ttle time wP"en

the dl!lland begtns to taper off. The Devil Canyon Dam ts not built i n etther

Plan I B or 2B in thts test.

In the COl'lt@llt of tM present ~ planning st t uat t m i n t h@ Aatlb@1t

w'lth ttle relat t\Ol!' ly htllt o)Ill()lIIt of lIlurtatntv ass oc tated with futur@ l oad

qr'OWth i n the re gi on. constderattm ~ hedqlng s trategtes t@nds to favor

C}l! t'lerat lng t KM Ologl @S that have 'l"@ lrt l\Ol!'lv st'c)rt cons t r uctt l7l per t ods and

th at can bl! added t n r@1ativ@l y smaH untts. Th@t'"efor@. t@c~olo gtl!'S sue h as

CO'llbJs t t O'l turbtne \J'Itts and oth@r small t@chn ologtes 'IlOu ld be attract ive

C[Jllpared t o te clwlol og1es such as large hydroel@ctrtc projp.cts or coal -ftr@d

s t l!alll t lTbi ne ~ner at I O'l.

secause of ue r@ lrthe l y large size of ttle UDger Sus1l:na ProJKt (600 MW

f or the f irst stlge of Watana ), the feuibtl tty of this pr"Qj@ct must be

car ef ull y eval uat ed with 'l"@$oect to t~ eons td@rat ims of hedgin g strategies

outl1 ned above.

To eva luate the Impact of f!1CO rT@ct Ini t ial forecasts of deIIland on cost of

power . boo cas es ee-e ualll'lned . The f trst case ass,,"es that the ~t ate beolns

t o bJil d f or d@lll and that never Illatertaltzes because of post-l99J event s . He

..@cond case aSSllTl@s ttloJt P0'5t-199O delllnd is tn1l:ta11y underestimated. and

shO rter tl'l""l'll solut fms (at hic1l@r cost ) lIIust be fOl'llled to 11IM hil1ler deoo~.

7. 2.4 Load Growth Begins as Protected in the Jlted tUlll EconOlll1c Growt1l Sc enario
&:It L~ets Off After 1m

In th ts cue electrica l dem<Yld is ass\llled to grow as p-cf ectee In tP"e ease
eese "'edtUllloo'lledi llll (Jlttl eeeeeere scene-to but tevets off and eeen -es sli ght l y

~'yoo d 19S(l. Thts case is sfllll1 ar to t te loa:J growth In Uoe nCl'lsusta lnabl e

spend ing scenario (Ct ) . The elect-teet denand for th tS case is s""",,," In Fi gure

7. 3. and tte l eee l tzed costs of power are qiven In Table 7. 9.
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TMLE 7.9 teve t t zee Costs of Power f or Reduct icn i n
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~ed tU III EconOlll tc Sc@nar fo
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FIGURE 7.3.

1-. 1985 1m 1995 200J 2005 2010

FORfCAST'r'tAR

Electrical Load Growth for Increased and Reduced
Growth Beyond 1990

Plan IA 58 64 58 67
PIan 18 58 5' 5' 6?
Pl an 2A 5' 66 58 67
Phn 2B 58 61 60 6'
Pl an 3 5' 65 5' 70
Plan 4 5' 66 57 66
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7.2 .5 Load Growth Belins As Protected tn the Med1Ulll EconOlllic Growth Sc enario
bUt Ircr@ases Iter 1990

In this sensitiv ity test tte electrical deI'fIand 15 assuned to grow as

projected in the base case lIledi~ediUII ec(r'lOll'l c scenart o but i ncr eases aft er
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199J. DeII and t ee-eases Ire asStJIee:! to be s_e 4'S the i ndus t r fa I tzatt O'l case by
2010. The el ectrical dEN ' M for this eese is s hcM'l i n Figure 1.3 and t~

l e¥el1 red CXIsts of power fo r t his case Ir· s~wn f or the blo Del'" i ods tn Tabl e
1.10.

i ncl uded only <n Plans 18 and 28. only those CMIP!S wer e rerun . The results of

t~e sensitivi ty tes ts ar-e presented i n Tabl e 1.11 for the per iods 1981 . 2310
and 1981· 2050.

TPBLE 7 .11 tevel ized Costs of Power fo r UPPer Sus itna • CapitalTAB LE 7.10 teve t teec Costs of Power f or Increase f n Costs 201 Lower and Hi!tler Than EsUnated (mills/ kWh)El ectrl ce 1 08lland After 19!J) ("liTh/kWh)

Base Case sese Case 201 Lower 201~'ted1ulII Econom ic Scenario Inc:rea;ed Srowttl Sc enario =- --mr: 19M - 1981- = -1981- 198i. 1981- 1981- 2010 ~ 2010 2050 2010 2050~ 2050 2010 ~
58 .. 58 .. 58 ..Pl,," l APlan 1.-. 58 .. 66 7'

Pl. 18 58 59 " 54 61 ..PI«I IS 58 59 63 68
Pl an 2A 59 66 59 66 59 66PIan 2A 59 66 71 SO
Pl .. 2S 58 61 54 55 61 66Plan ZS 58 61 61 fi7
Plan 3 59 65 59 65 59 65Plan J " 65 69 79
Pl.4 59 66 59 66 59 66Plan • 59 66 68 '"

In t he i ncr eased growth sc enario the cost s of power tee- esse s ubstantially
in both tt ee per iods . The cases incl udi ng t he UPPer Sus itna erc.tect s (IS and
2S) provide the lowest cost of power 1n bot h the periods .

7.3 UNCU TAlPfTY IN CaiT ANO AVAIL~IllTY (F ""JCR ALTERNATIVES

7.3.1 C§lttal Cost of !.boer Sus ltna Pro fect-20S Lower and Higher Than
Estt..ted

T"e I lr ge size and capital Int ensi 'le nat ure of the Upper Susttna project

lIIat es the capital cost esttutes f or t his project an hporta nt det eMftinant of

the overall power costs wi th in the reg1 Cf1 . The capita l cos t esti mates for the

Upper Susitna Pr"Q,ject were developed by Acres Palencan Incorpo rat ed (l 981bl as
part of the Sustt na hydroel ectr i c project feasf bil ft y st t.dy and ar e presented
1n Sectton 4.

To eval uate t he posstble effects of 10Mer and htl1ter ca pital costs,

sens ltivtt y tests were dare ass ullri n9 that the capttal costs Of the pr"Q;fect ar e
lOS l ower and 20l ht!tler tha n stn wn . Because t he !J~ Susitna project Is

7.18

The leveHzed costs of power art! r elatively sensitive t o the changes i n
thes e capt t al cost es t fmates. If t he capi t al cos t s are 201 i eee- t han

estft ated, Plans 18 and 28 provi de sf gni f i cantly lower power costs t han the

ot her pl ans i n both per i ods of analysts (es pecially i n t he 1981·2050 t illle

peri od ). If the capital costs are m htghe r than esUlIIted. Plans 18 and 28

beCOlle relatt 'lely ht g, ·cos t plans r~lathe to ot .r pl ans tn the 1981·2010 t i lll@

per iod and about ~ qual over the 10'lger tbe period.

7. 3.2 C:;ital Cost of Coal Steam-£ lectrtc Power CiJ!tt al Costs · m Hfgher
an l ower Th an Est1lll1t~

Capt t al msts wre e..t h tat ed f or 2OO-MW coaT·f tred steee-et ectr-t c power

plants lo cated in both the Bel uga and Nenana areas . As p"esented f n Secti O'l 4.

the se costs are $2070/tW f or a plant located at Seluga and S2150/kW for a pl ant

located at Nenana. New coal steam-electri c plants e-e included 1n Plan s lA and

3. The res ults of these sensitivi ty t ests ar e presented t n Tabl':! 7.12 for the

bel per iods r:I anal)sts , 1981 to 2010 and 1981 to 2050.

7.19
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TlaLE 7.12 l eveltzed Costs of Pc:wer f or Coal Steam Ttr btne Plant - Capt tal TABLE 7.13 leveltzed Cost s of Power for Penet ratt on of Conser vat ion
Costs 201 lower and Hfg.e,. Than Estft ated (lIill s/ kWh) Alternatives 201 Higher and Lower Than Estimated (mil ls/kWh)

Base Case 201 lower ' 01 Higher Base Case 201 lower 201 Higher
mr.I;M: 1981 - 1981 - 1981- 1981- mr- --mr= 1981. 1981- 1981· 1981-
~ 1050 1!WL ~ >010 ~ lli2... W9- . 010 WQ... 2010 '0'>0

Plan 1A 58 64 57 6'2 59 65 Plan 1A 58 64 58 64 58 64
Pl an IB 58 59 58 59 58 59 Pl an IB 58 59 58 59 58 59
Plan 2A 59 66 59 66 59 66 Plan 2A 59 66 60 68 59 65
Plan 2B 58 61 58 61 58 61 58 61 59 6. 57 60Plan Z8
Pla n 3 59 65 57 53 60 67 Plan 3 59 65 59 65 59 65
Pl an 4 59 66 59 66 59 Plan 4 59 66 59 66 59 6666

As sholon t n Ta ble 7.12. t~ effects ~ higher and 100000r coal plant capital
costs have lttt l e ef f ect O"l the relathe costs of t he var t ous ph ns .

7.3. 3 Penet ..at ton ~f Conservat t on Alt l!'" " t tVl!'S Htoher a· " L.... Than[ st i llllted - ..... .

In ':nh case thl!' lIaXill tJI PienetrattO"l of conservat iO"l a1t s- natt Vl!!s was

1 ncrl!'~l!d and decr e.tsl!d by t'O'I to test thetr _ pact m t"e cost of power. The
cnnservat tm altern~thes t ncl u:led In thi s plan e-e ootldtng conser vatt O"l .

passtVl!! solar space heattng. acthe solar hot water "'eating. and wood-ftred

s pa~ heat tng. To test the sensitiv t t y of s ubsi dtzed conservatim m the cost
of power. t he n~ber of i nstall a t t ons of all conservatton options was

shlul taneously Increased or decreased by 201 . The s ubsidtzed "'rket was not

allowed to exeeec 1001 ~ households tn any case . However. i f the ceceeesea

_CUlt fell below the l evel of conservattm predtcted with no subsfdies the
nonsubstdtzed mrket penetratton rate was also decreased by 201 to pe~t the

lower n.....be- , Because these alternattves are dealt with e4l1tcitly only i n
eases 2A and 2B. mly those cases were rerun . Tho "resu s are s hown fn Table
7. 13 for the two periods of llfla lysts .
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As shown i n Tabl e 7. 13. changes tn the penet ra t ion r at es have re latively

It t t l e ef f ect on the cost of power. In ~nera l . l ower penetrat ion rates tend

to 1ncrease t "e costs of power. whereas hi gher penet r ation rates tend t o
eeerease cost of power. ThIs sttuatton rdltC ts the f act that the conservat 1on

alternat ive s anal yzed in t he study gener ally cost l ess per kWh saved t han the
cost of genera t ion and deli very displ aced by the conser vation alterna t i ves .

7. 3.4 Effects of Increased The".al Generattng Eff fctency

One of the fa ct or s that influences the cost of generat tng el ectr ic tty
u st~ fossil fue ls is the heat , ...te . The heat rate is a R asure of the

ef fic Iency with wh ich II generattng unt t convert s Btus of fuel into kWhs of
electricity. As newer matertals and dest gns f or thermal genera ting plants are

developed. the heat rates for these plants are expected to go down; Le ., t hey

are expected to becoee more eff ic ient . In thts test the heat rate s for new

thermal options added after 1980 were lowered. as shown in Table 7.14. to
reflect such improvements fn performance . Because some of thi s added capac fty
1s already under construct ion or on order. these assumpti ons may over st at e the

overa ll savings that result from lowered heat r at es.
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AS show! i n Table 1.13. changes in ttl'! penetration rates have relathely

Htt le effect on the cost of power . In genl!!!ral. lower penetration r et es tl!!!nd

to teer eese the cos t s of power. whereas higher penetration rates tend to

eec reese cost of power . Th1s s ituation re fl ect s t tl'! fact that t he conse rvati on

al ternathes ana lyzed in t he study gener ally cost l ess pet" kWh saved t han th e
cos t of generatfon and del1very dis placed by t he conservat ton al ternet tves ,

1.3.4 Effects of Increased Thl!!!m al Generat ing Eff iciency

One of t he fac to rs t hat influences t he cos t of gener at ing e lectricity
usi ng fass l1 f uels 15 the heat rate . The heat rate is a ee esure of the

effictency with which a generating UI'I lt converts Btus of fuel into kWhs of

e lectr ic i t y . As newer "'at er ials and designs for thermal gl!!!nera ti ng pl ant s are

developed . the heat rates for these plants are expected to go down; t.e •• t hey

are expected to become more eff icient . In t h1s te s t the heat r ate s for new

th emal options added af ter 1980 were l owered. as shown In Table 1.14. t o
re fl ect such Improvement s in perfomanc e . Because some of t his added capaci t y

15 already under construction or on order, these assumpti ons may over stat e t he

overall savi ngs that result f rom lowered heat r ates.

TABLE 1.12 L~lIzed Costs of Power fo r Coal Steam TlJII"'b1ne P lantCosts 2ll1: Lower and H'!tIer Than Est tllat td (1Il111s/kWh)
. Capital TABLE 1.1 3 Leve l1z ed Costs of Power for Penetration of Conservation

Alternatives 201 Hi gher and Lower Than Est imat ed (mills/kWh)

Bu e Cu e 201 Lowerrnr:-Im:" 1981 . 1981. 201 Htoher Base Case 201 Lower 201 Higher
~ ~ ~ ~

1981. 19B1- mr:- ----mr: 1981. :981- 1981- 1981-
~ ~ 2010 2050 2010 ~ 2010 2050PIan l A 58 54 57 62

Pl .. IB 58
59 05 Plan l' 58 .. sa .. sa ..59 sa 59 58 59Plan 2A 59 .. 59

Pl an I B 58 59 sa 59 58 59.. 59 00Plan 28 58 01 sa Pl an ZA 59 .. 00 .. 5. 05
01 58 01Plan 3 59 05 Plan 2B sa 01 59 02 51 6051 OJ 60 01PI.. 4 59 .. Phn 3 59 05 59 05 59 0559 .. 55 .. Pl an 4 59 .. 59 .. 59 ..

AS show! i n Table 7.12. the effects (# h1""'-
, • ~ ..., and l ()ll@r coal plant capital

cos s ave li ttl e effect 0'1 t he rellti 'of
~ cos s the 'I'lr lous plans .

7. 3. 3 fen,etratfon of Consel'Vatton Alte""" ••,
ts 11lat~ Higher and l~ Than

In t his case the lIlu h ...,. t
in cr eaSed and decreased by 2Ol"',ne rrt1O'l of conser-vatl 0'1 al terna tf ees was

o test t heir -Pact on the t of
mnservatf(Jl altl!l"'nat t~s frcllded i n t his I cos power. The

1 p an re bJl1dtng COtlSl!l"'vatf
pass ~ solar s pace heating, act1~ solar hot wlte h t1 (Jl.
SPice heatf T r ee n90 and woocJ..ftred

"9. 0 test the sensitivi ty of slbsidlzed
of power th@ cons~vatf O'l 0'1 t he cost

S 1.Ulta~OUSlyn~:a~ed ';;t~~:~: : a11 conservati on opt 1ons was

allowed to excee:l 1001 of .... ....' y 2OS: . The subs tdfzed ",.. ket was not
·lUlIS e•..., ds In any case H

MlOlllt felt bl!!!low t he 1 1 of . • OlIII!'I'I!r. i f the decreaserf
eve COIls l!r" vatf O'l pred icted wi th

nonsubs1dfzed Illll"k~ penetra tl t no Subsfd1es. the

lower ntnber . 8ec~ U'! <- these a~::a:t:: al so decr eased by 2os; to pemft t he
cases 2A and 28 onl th are dealt wi t h expli cit ly only fn

, y cse cases were rerun . The It
1. 13 for t he two per i ods of analYS15. r esu $ are s hown i n Table
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As ShOllll. these changes tn thennal efffc fency • •"e PI,••tee ,t ~ the lowest cost
a rna ve oyer the shor t er t1l111! per fod _• ver , the effec t s of these
changes are relatively small. The lo nger -ten'll rll'lktn9 of Plan
unaffected. s is vfrtually

7.3 .5 I~act of Using Fuel-Ce11 CornbfCen Stations ned-Cycle Generat ion Rather Than Fue1-

Because the number of 1te i
i ncluded In 1 1 a rnat ve generattng techn olog fes that can be
al te rn ative any s n9 e !IOdel r un Is uenee, ttte fue l-ce11 cOlllbfned-cycle

was not incl uded tn Plan 4 T ..
• 0 s t the effect of t his technology

7. 22

TABLE 7. 14 AsstJBed IlIIPl"'OvNents fn Heat Rates CBt u/kWh)

Generatil'lCJ Base Case IlIPl"'Oved
Alternative Heat Rate Heat Ratf'.

CCJllbustf Dn Turbfne 12. 200 10.000
CCJnbt ned Cycle 8,500 8,000
Coal Steam Turbine 10,000 9,500
Fuel Ce11s s.aoo 8,500
Coal Gasification 9,300 8. 700

Canb1ned-Cycle

The ef f ects of the se 1llprovNents were evalu..t ed tn Plan s 3 and 4
pr-esent ed in Table 7. 15 for the t lllO per iods of analys is.

TABLE 7.15 Leveli zed Costs of Power fOf' Lower ed Heat Rat es
i n Thenaal Generat ton CMf11s/kWh )

1981-
Base Case I!(2roVed Heat Rates

1961-
2010 ~

~:o- 1981-_ _ 2050

Plan IA 58 54 58 54
Plan 18 58 59 58 59
Ph" 2A 59 .. 59 ..
Plll'l 28 58 '1 58 '1
Plll'l 3 59 55 58 54
Plll'l 4 59 .. 55 ' 3

and

on t he cost of power. t he fuel -ce11 lIIas repla ced with the fuel -eel1 ctlllbined­

cyc le al t ernat ive in one t est. Although the fuel-cen conb1ned-eycle has a
hfgher capital cost t han fuel-cell stat ion. t he cOIllbi ned-eyc hr operates
IIOr e eff1 ct entl y . The i.pact on the leve l hed cost of power of th is
sens itivity test ts shown in Table 7. 16 f or t he two per tods of analysis .

TABLE 7.16 Levelhed Costs of POlIIer for Usi ng Fuel-Cell Canbtned-Cycle
Un its Rather Than Fuel -Cell Statfons - Plan 4 (mil ls/kWh)

Base Case Fuel-Cell Comb1ned-Cia1e
1981- 1981- 1981- 1 1-
illQ... ~ illQ... 2050

Plan lA 58 54 58 54

Plan 18 58 59 58 59

Plll'l 2A 59 .. 59 "
Plan 2B 58 '1 58 ' 1

Plan 3 59 55 59 55

Plll'l 4 59 .. ' 1 '9

As shOllln. the tevet feed co"t of power increases if fuel-cell combined­

cyc le units are used . The tecr ease in effictency does not of fs et the inc rease

in capital cost •

7.3.6 I~act of 501 H1gtler Fue l-cell Stat ton and Coal-GasP'1er Comb1ned­
CYCle Capi t al COsts

In general . the cost of ener gi ng te chnolog ies t ends to be higher when they
becOllle cenaerch.lly avatlable t han 1nt tf ..11y es til1ated. To test the 1ftlPlCt of

sueh poss ible incr eases . the capital cost of net-ee t t s tations and coal­

gasifier cOlllb ined-cycle alternatives was increased by 507: . Plan 3 includes

coal-gas1ffer contb1ned-cycle facf lit fes and Plan 4 i ncludes fuel -cell
stations . The results of these tests are pre sented in hble 7.17 for the two

per iod s of analysis . These capU al cost increases raise the levelized cost of

power by 1 t o 2 mills in both time periods .
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TABLE 7.17 Leve lt zed Costs of Power for Increased Capttal TABLE 7.1B Leveltzed Costs of Power for Chakachanna , CapItal Costs
Cost of Fuel-Cell St attons and Coal-Gastfter 20S Lower and Htgher Than Est 1111ated (mills / kWh)
Comb lned-Cyc le (1'II lls/kWh)

l ower Higher
Base Case Increased Capttal Cost Base Case Ca~ t tal Cost ca~ l tal Cost

1981. 1981- 1981- 1981- mr-19Sr- 198 - 1981. 19& • 1981-
2010 2050 2010 ~ 2010 ill9... 2010 ~ 2010 ~

Plan lA 58 64 58 64 Pl an lA 58 64 57 62 59 65

Plan IB 58 59 58 58 Plan IB 58 59 58 59 58 59

Plan 2A !'l 66 59 66 Plan ZA 59 66 57 64 60 68

Plan 2B 58 61 58 61 Plan 2B 58 61 58 61 58 61

Plan 3 59 65 61 67 Plan 3 59 65 59 65 59 65

Plan • 59 66 59 67 Plan . 59 66 59 66 59 66

7. 3. 7 Capt ta l Cost of Chak acham a Hydroel ect rt c • 20S lower and Higher Than
Est t. at ed

The l ake Chakachama project 15 a re lathely large hydroelectr ic project

t hat woul d be l ocat ed on the west stde of Cook Inlet . It Is a key alternative
Incl uded t n Plans lA and lA. Two cost esttlllates have rec ent ly been prepared

on bill) dif ferent concepts of developtng the project . As part of thts stull'y. a
cost esU.at e was prepared for a project with a peak capac ity of 480 HW . The
total cost of thts concept is SI.01 bf1110n or S2100/kW. In another pro j ect

being conduct ed f or the Alaska Power Authority. a preltlllfnar y cost of S3860/kW
was est l.ated for a 3JO-KI project (exclud ing tranSll fssfon costs) . The

capac tty In the 3JO..,., concept was reduced to allow mtnfmln stream fl ow tn the

Chakachamna River to lIIalntaln the ftsh runs exist tng In the river . The 330-MW

project concept was usee tn th is report stece the 330.,..., concept reflects more
research concerntng the posstble envfromtental fmpacts of the projects .

However, to test the tmpact of th. lower capt tal cost esttmate on the cost
of power, a senstt ivity test was run assuming that the total project cost was
Sl .01 btllion for a capac tty of 330-oHW (S3060/kW). Thts estfmate Is ZII lower

than the Bechtel esttmate for the same project . Another sensitivfty test was

performed by Increastng the capital cost of the project by ZOS. The resu lts of
t hese tests are ShOWl in Table 7.18 for the two pertods of analysis.
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The changes In the capital costs of t he Chakachamna proj ect have a

re lat ive ly g all impact on t he levelhed cos t of power over both ttllle

hor tz ons. li ttl e change occurs t n the relat ive r anking of t he plans In ei ther

the lewer or higher cap ital cost test .

7.3 .8 Use of Healy Coal In the Anchorage- Area

The developllent of the Beluga coal f te ld Is uncerta in at th ts tillll! .

Because deve lop1ftef1 t of th 15 coal f ield Is a key aSSU'IIPtlon i n sever al e lectric

energy plans, thi s uncertainty must be recognized and taken i nto account In t he

dec ision proce ss . One possible alternat ive t o ustng Beluga coal at mlnemouth

plants 15 to t ransport coal vta the Alaska Railroad fran the Healy ere e to

steee-etecn-tc plants located in the greater Anchor age ar ea. Ttl ts opt ion wou ld
be quite dtfferent in sever al ways from the concept of using Beluga coal at

minemouth generating st at i ons (e .g., there would be differneees In eev tro n­
mental fmpact s ) . In this sensltivtty test the only difference ts asSll'lled to be
the price of coal , Iltlfch Is assumed to be the pr ice at Healy plus tranSpOr·

tatlon costs to Anchorage. Sensitivity analyses were run for Plans 1A and 3.
The fmpacts of thts assll'llptfon are shown In Table 7.19 for the two periods of

analysis .
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TABLE 7.19 tevettzee Costs of Power Asstning Healy Coal
1$ Used in Anchorage Area (Ml1ls /kWh )

Base Case Healy Coal in Anchoraye1981- 1981- 15181- 198 -2010 2050 2010 ill!!..
Plan 1A 58 64 59 65
Plan 18 58 59 58 59
Plan 2A 59 66 59 66
Plan 28 58 61 58 61
PI.. 3 59 65 61 68
Plan 4 59 66 59 66

As s~. t h ts test Indicat es that the levell l ed cost of power "lOU ld
i ncrease by 1 to 2 lIills/kWh over t he 1981 to 2010 per iod and by 1 to 3
lIil1 s /kWh over t he longer t1l11e per iod.

7.3 . 9 Delay In It!per Sus1t na Pro fect fl"(lll 1993 to 1998

For large construct ton projects, such as t!'le Upper Susftna, t he

pos s1bf1i t y of deJays a1.,.ys ext sts , To test the pot ential impact of delays on

t he cost of power. r uns were Ilade asslJlling that Watana does not cone on-l1ne

unt il 1998. Dev 11 Canyon was assUllll!!d not to ccee on-l1ne with in the t ime

horhon. The effects of th ts deJay for plans 18 and 28 are presented i n Tabl e
7.20 for the two periods of analys ts.

Delaytng the Upper Sus1t na project by 5 yean and providing short
construction tilnl!! generat i on alternathes tn t he intert ll has relatively Htt le
hnpact on t he )eve lhed cost of power over the 19B1 t o 2010 tillll!! per iod. The

delay sltgl'ltly inc reases the costs of power over the 1981 to 2050 period .

7.4 EFFECTS ON ElECTRICITY OOIAMD OF STATE SUBSIDIES TO COYER CAPITAl COSTS
OF HtW GtHtRltUG fAttlltlEs
As dhcussed tn Section 8. the State of Alaska has the lega l f ratlltWor k In

phce to provide subs id ies and/or loans to f tnance electrical generat ion

projects. If t he State does not requ tre -.arket rate of return on th ese funds .
the cost of power fro- pro jects financed th is way wou ld be lower than tf

capita l costs were fully recovered. One potent1a 1 " Jo r i lllpact of reduced
costs of power wou ld be an increase In t he cIetlland for el ectrtcity. Two

sens itivity runs were ..de assu lling tha t extretlll!! fOnl$ of a poltcy were

illlp l~nted : the St at e was assu llled a ) to pay the upi t, l cos t s for , 11 new

generat ing fa cili t ies , nd b) not t o requ ire any up ita l recovery i n elect ri c
energy PI,ns lA and lB. Orly recovery of uperat ing and aai ntenance costs were

, ss Ulled to be ~utred.

The levelhed cost of power and peak detll4nd far th e lIledi uli eceece t c

scenario and the no-c.pit.l -recovery assu.ption are present ed in T' ble 1. 21.

TABLE 1.21 tevet t zee Cost of Power and Peak DMlnd Ass uming
No Captta l Recovel")' (_tits/kWh)

7.27

As the table st.ows. the result ing very low prtce of power to the consumer

causes l,rge-sc.le fuel swttching to e lectricity and few incentives to conserve
rn exist ing uses. Oeawnd In t he year 2010 increases by about 1.8 t lllll!!s in Plan

1A and by about 2 .2 time s in Plan l B. A greater Increase occurs i n Plan 1B

Peak
Ol!llllnd

2010 .l!!!!l.
2302
2964

NO-C.p1tal­
Cost Recovery

42

36

level1zed
Cost of
Power

1981-2010

Peak
Oemand

ill!! .l!!!!l.
1260

1350
58

58

!"edit... EconOdtc SCenarto
level1Zed

Cost of
Power

1981-2010

Plan 1A

Plan 1B

TABLE 7. 20 Leve lt zed Costs of Power Ass Ulll ing Watana Dam
Delayed Untl1 1998 (mill s /kWh )

1981-
Sase Case Delay in Watana

1981- 1981_ 1981-lliQ... ill!!.. lliQ... ~
Plan 1A 58 64 58 64
Plan 18 58 59 59 64
Plan 2A 59 66 57 63
Plan 28 58 61 58 63
Plan 3 59 65 59 65
Plan 4 59 66 59 66
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because the costs of power frolll hydroelectric filllC ilfties consist a lllOs t

ent i rely of cap i t al charge s t hat are I'IOW absorbed by the Sta t e in these cases.

The rea l fi nanci a l r esources t he state lllu st spe nd to generate the power in
t he no-capi t al.r ecovery cu e are ht gher tha n the 42 or 36 Ilills shown , altttough

the cOrtSUIIler" sees only t he 42 or 36 . 111 charqe . These real re sour ce cos t s

IIIOs t like ly will be higher th an t he 58 1II111s i n the unsttlsidi zed case because

denland Is hig her and will re qui re that some hi gher cost generati ng capac ity be
butl t .

I hese sensit fv ity t es ts ind icate t he Sta t e' s influence over demand for

e lectr icity wIt h cap i ta l subsidy polic ies. Less iIlIlIIb it iou s appr oaches requiring

either repayment of the cap i t al costs or SOllIe postthe ra t e of return . il l tend
to force the deland and e- te es i n Table 7. 21 toward t he bue case .

7.S SENSIT IYITy TEST Ifl9L ICATIONS

To summari ze the effects of the sens i t i vity tests . i t may be useful t o

distinguish between a change in absolute power costs and a change fn the

ran ki ng of the plans. For examp le. the uneXPeCted re duced growt h scenar io had

little effect on abso lu te power costs fo r lIIOSt pl ans, but IlOved the high

natura l gas pla n f rail near last pla ce to ftrst place . On t tte oth er hand, an

unexPeCted i ncr ease in deland after 1990 shar pl y tncr eased the abso lute costs
of all plans with very Httl e effect on ra nking. Capi tal cost over r uns on

Susi t na both adver sely affected absolute cos t s of plans th at included Susi t na

and dropped plan s that inc luded Susl tna from first place to la st . The effects

of the tM3 experlelllent s wit h fue l pri ce escalation were less profound, bot h in

abso lute and relatt ve teras. However , with t he exception of unexPeCted ly high

denand none of the Changes tn et t her absolute power costs or rank ing of pla ns

over the 1980 to zol a time period can be considered large, si nce changes i n
absolute lev e ls of costs were 2 to 3 lllil ls per kWh. and r ank was det ermIned by

a spread of 2 to 3 mills . Only over t he extended time peri od were the results

more profoundly fnf luenCed, .'th plan s t hat f ncluded Sus itna nlOT"1! adver se ly

affected by capita l cost overruns and the high natural gas plan helped the most

by 1"" demand. This suqqests tha t Indh idua l events' impacts on power costs ,

by t hemse lve s . do not clearly favor ooe plan over anothe r . Whtle cClllbt nations
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of events damaging or fav or ing t he case f or cer ta in plan s ar-e poss ible , one

should caref ully consi der t he combined probabl111 i es of those event s befor e

deci d' ng which al ternet fve truly has the l owest power cos ts .
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8.0 COrcsHERATIONS FOR Uf'l.£IEIITATING ELECTR iC E ~EAGY PlANS

When t hi s study was star ted , the int ended purpose of t h is sect ion of t he

report was to fdenti fy -inst l ta tlona l cons t r aints- t hat mi ght prewefl t

i"" lementa ti on of any of t he e lec tric energy ph ns. Th ts sect ion also was t o

incl ude r ecOllllleflda U ons f or leg islati on t hat wou ld fac ili t ate l~lemenUt ior. of

a preferred electrt c Pnergy p lan. However. with the passage of Senat e a i l l 25
clJrtnq the 1981 state leg islative session. t M aP9roach was chal'lge:J. S825

a-ended substantially the i nst itutlONl f ralllNOrk prntously in place al'ld

established a new set of standards that IllUst be foll owed by the Alasta P~r

Au th<rtty IAPA) before undertaktng cons t ruction of a power g~rat i ng fac il tty .

In this sec tton t~~ e lec t r ic energy plans are ewaluated in l ight of t hts

leg is lat ion and the fo llow ing subjec ts aM! d is cussed: IJ a review of fE'der /l l

legls latton to dete~ine i f any f ederal statutes aM! prewent i ng t he state fro~

under taktng any of t he e lectrtc ener gy plans ; 2) a brief rewiew of the hi story

of the p lanning and I~ l~ta t t on of pOW@r generation. transmiss ion and

distr ibution In Alasta. with particular at te.,t icn to the State 's inwo l we:Jae:'l: ", n

these areas; and 3) a rewiew of the recently ena~ted state statat !:! t o oeterminf

tf the etee e-t e energy pl ans can be I ~Jemented under It.

8. 1 FEO£ R.~ CO NSTRA INTS

No fede r a l statutes , ru les or r egulat ions absolu te ly prohlb ft

l~ l e'llerltl ti on of any of t he e f ternaetves d iscuss ed in t h is report. TM

c tcsest thing to a feeler al cons train t upon sta te l~lellleftta t l ()fl 1101.1 be thf r ue l

Use and Power Plant Ac t (FUA) of 1918. llIhidl 1n i t ll li.1 .1 11It be pert.e i ve<l as I

bar to using natural gas for generat ing elec tr tc ity i n new power pla!'lts.

H~er. a IlOre extenshe ana lys ts Indtcates t hat FUA is not an absolut e tla" ,

but rather only a legal obstac le th at IIlUst be ~othtecl If the Sta t~ Chooses

to pur sl,t@ a natural gas alt~rnat he such as Phn 4. Th is s t t uat lon Is true for

s~veral reasons. First . the gene!".l prescript ion aga inst us lng natura1 gas has

several exceptions . Most l ikely one or more of these exce~t l ons wil l be

applicab le to power generat ion in Alaska and t here fore FUA wou ld not be the

absolute const r.int It appears to be. Second, FUA fAl1 be IlIl@ndecl or re;tea led
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i n the near fut ur-e because of chang ing att ft udes t owards natu r al gas

avai labi l1ty for power generat ion and t he gener a1 effo r t t o eecuce regulat ion

on the natural gas indust ry . If t he FUA i s not r epeal ed 01" amended , and if

none of the exceptions ult imately coul d appl y, FUA would be a bar t o the natural

gas a l te rnat ive . However, the applicat i on fo r an except ion must be deve loped and

pursued before this situat ion can be detennined . A more comp lete dfscus sion of

FUA implications relative to specif ic te chnolog ies is cont ai ned in Vol ume IV.

Certai n envi r OrJllental la ws al so could impose a constrai nt. FOI" example,
a i r-quali ty standards might prevent adopti on of the fncr eased coal-use

alter native . Aga i n, ho...ever , bef ore t hi s constraint can be detennf ned a

substa nt ia l a/llOunt of base1tne data and engineering design lIOrk mu st be

accomp l ished . At this stage i n t he ana lysis of t hat alternative, the more

reasonable conclusi on Is that environment a l sta ndards can be met and t hat such

s ta ndards do not pose a constrai nt th at abso lu t e ly cannot be sa t isf i ed . Under

specia l or unique ci rcumsta nces , other envirOF'lllent al laws li kewise could

pre vent imp lement ation of a part ic ular opti on. For example. dam construct i on

was t:a l te d on a ma j or hydro project In Tenness ee fo llowing the discovery of a

species tJ ' fish pr otected by t he Endangered Species Act. Howe ver , coen tete and
deta iled stlidies must be completed before such uniq ue event s ca n be predicted
to pr ec l ude one or IIIOre of th e alternat fves .

8.2 A HISTORI CAL PERSPECTI VE ~ POWER PL.A.NNING [N ALASKA

In Alas ka, st at e fnvo l vement i n planning and di r ect ly pr oviding genera t in g

capacity and t r ansmission f aciHties is a new underta king . Pr for to I976,

planning and construct ion of f acil i t ies were per f ormed e i t her by the ind i vi dua l

munfci pal or cooperati ve ut il ity, or by variOUS f ederal gover nment agenci es .

For examp le, the Alaska Po...er Administr ation (now wit hi n the U.S. Department of
Er,ergy) has owned and operated t he Eklutn.. hydr oel ectr ic pro ject s ince 1955.

Chugach Elec t r i c Associ at fon has planned and assumed r esponsib i li ty f or both
construct ing hydroelec tric projects such as Cooper Lake (1961) and i nstal li ng

gas.fired gener ating capac fty, as well as the t ransmiss ion and dist r i bution

sys t ems ass oc iated wfth these projects. Other local utilit ies a ls o assumed

respons ib il ity for constructf ng fa c il itfes and conducting variou s fea s ibil ity

s t udies . Federal agenc ies als o under t ook a variet y of fe asibili t y and plann ing
st udies .

8.2

In the mid seventies . however, these factors began to give way to other

forces . Project costs escalated significant ly . Additionally, s t at e r evenues

were r is ing . In 1916 the se forces re sulted in pass age of a bi ll crea ti ng t he

Alas ka Power Author ity . The leg islative find ings and decl arat ion of purpose

in t he enabling legis lation reveal the broad purpose s and objectives t h-!t t he

legi slation sought to addre ss.

Lack of direct state Invol vement i n the first fifteen years after

statehood can be expla 1ried by sever al fa cto rs . Perha ps mo st si gnifi ca nt ly

is that little need for sUch i nvolvement wa s per ceived. Another major fa ctor

was that the loca l utf1ities were able to plan and manage t he pro jects t hey

required. Furthermore. feeleral funds were availabl e and st at e f unds lIlere not.

Legi s lative Find fng and Pol icy

( a) The leg islature fi nds . dete rmines and cec Iere s tha t

(1) th ere exist numerous pot ent ial hy1froelectr ic and fossil
fuel generat ing sf t es in t he s t ate ;

(2) ee establishment of power proj ect s at the se s ite~ is

necessary to sup~~ y ~:, ~l~tffi:rc~p~~~ t~ ;:t:l~tr f c,
=::di~~~:~t:l:t~tr t c ut t j t t tes , and reg iona: ~~ec~~~~ as
authori ti es and t hereby t o the consumers 0 e ,
...e ll as t o ~upply eXist ing or futur-e industri al needs ;

(3 ) t he achievement of the goa ls of l ow~r cetscee r ':lower cost s
and long-term economi c growth and Of

j
e ~;a~~ j~~ l~ ta te wil l

perat ing and development power pro ec
~e accelerated and facil ita ted by t he crea t i ~n of ~\t for
ins t rullH!nt a l i ty of the s ta t e with po~rs to ncur eects
construct ing , and wit h powers to opera te, power pro j •

11 f the state in the interests
(b ) ~i ~~::o~:~;e~h:Og:~e;:~ :lf~:eoof all th e ~eop le of~he sta te,

to red uce consumer power costs a

~~~~;t£~~~~2g~.:~~o;~~~;t~;m ,~o~~~~;. l:~::~~:.l;:
t hrough the estab l1shlrl!flt of powe~t~~j~~Sfu~tions a~ provided
public corporat ion with powers.
i n this chapt er (Sec.l ChI 278 SLA 1376) .

P A t " l t v was .. tven br oad powel"S,To acco~1fsh ft s objec tives t he ower u "or .l ~

1 bonds to ent er into cont r acts for t hei nclud ing the power to ssve , nl1 to
construction . acquis i t ion , oper ation and ma int enance of power projec ts , 'J
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The Sl..lle leg is lat ion t hat created t he POloIer Author ity also c ~eated t he

Power Projec t Revolv ing loan fu nd. t ne Power Au th or ity administered this fUnd.
-.hICh was set up as a Mt rust fundMto -ake loans to munictpal or publtc

uti li t ies for fea s ibi l ity stud 1l!!s , preconst r uct ion engi neeri ng and des ign . and

const ruction of hydr oe lectr ic and foss11 f ue l plants. For exeeele , 1n 1977
U.6 mill ion was appropr iated for the Green lake Hydroelectric pro j ect at Sitka

and 'S40.000 was appropr1.ted to t he Power Pro j ec t RevolVing t ee n Fund .
Through the fUnd . loans . lso coul d be • •de to c tt tes , borou~s. vil lage

corp orations. v t11age councils al'ld nonprof it ..r ket ing cooperat ives f or meetin g
the t r ' ener gy requ irelllents. M

In 1918 the leg islature sl gn1fi cantly allll!!f\ded i t s 1916 leg islation The

fi ndings were changed to state tha t the leg is lature's poltcy was to foster

powe r Projec ts to supply power at Mth~ lowe st reasonabl~ cost • • •• Mwhereas
the earli er fi ndings had referred only to ' lower eesr- power. The prov is ion

rel at ing to pr 1cing of power w.ss amended to make cer tai n that the prices at

wh ich power was so ld covered the Mfu JI cost of the el ectr1c lty and services •• ••

In 1978 the leg1sl ature a lso adopte d res ol utions approvin g t he sa Te of

);JOO .oaJ . OOO in revenee boms for cons tructing a coa l. ft red e lectric generat 1ng

Dhn t at Healy ItICI author tz ing the Power Autt,or ity to 1ncur Indebtedness

();lS,OOO . OOO) for Phase I stud ies for the Sus ttna Hydroe lect r 1c Project.

Aod lt1ona ll y. t he state ~na te adopted a resolut ion di recting i t s Spectal
ConIlttee on t he P~anent Fund to i nves t1 gate t l'le use of MOney fro.. eee

penaanent fUnd as a see-ce of revenues for ft n" 'lC ing hydroe lectrtc pro jl!Cts .

In 1919 the leg islature adopted two resolutions re lated to power. One

asked t he Anay Corps of Engineers to use funds from the SMail Hydroelectr 1c
Ph nts progr llll to 1nvest iga te t he f eas lb11lty of sma ll -scale hydroe lec t r ic

Projects i n rural Alask a as an a l t ern at ive to th e high cost of de isel.gener at ed
electr 1c 1ty. The ot her re so luti on appr oved is suance of );120 mil lion In rev enue

bonds for th~ Terror Lake HYdroe lec tric project and ' 20 million for the Solomn
Gu Idi Proj ect.

tr4nSlll t . nd s~lI sudl p~.

stud ies for hydro~lectrlc .nd
It lIIa S else IUthori zed to conduct fe asibility

foss11 fuel pOIIIl!r generating proj@cts .

The 1980 session of the leg islature passed Substanti al legisl at ion
relat1ng to the Power Authority . Approxl..tely 'SO . 111100 was appropriated

for so.e 35 projec ts . Th~ ..jar appropriations were ' 15 . 111100 f or tne
Tyee l ake proj ect at Wr ange 11 and an 118 . tl lt on loan for the Swan l ake

project. Most et ner proj l!C ts rece tvec funds rang ing from '\o ~40 .000 to
'\0);2 . i 11Ion.

In addit ion to th~se direct appropr 1at ions . two re sc tut tcns aut hori zed th e

Issuan ce of a variety of r evenee bonds . The revenues from th ose bonds wou ld be

used f or cons tructi ng or acqui rt ng gen~rat ing fac ilit ieS or for financ ing

expans i on of d lst r ibut10ns systefllS by local utt j t t tes , The revenues used
Inc luded t he follow ing:

• H O 11l111on toward construction of th~ Tyee l ake pro ject

". H 2O _tilton for t he Swan lake ProjKt

• U I0 .Inlon for waste heat power genera t ion facilities to be
construct eo by Golden Ya l1 ~y Elec t rtc Assoclat1on

• );15 mi11ton to f ina nce the lake Elva (Dl1lt ngham) proj ect

• );30 m11lion for the 8ear l ake project (Pr ince of Wales Is la nd)

• Jesser allOunts f or Homer Ele ctr ic Associ at ion. Nak. nek El~ctric

Assoclat1 on. MatanuSka Elec tric Associa tion , Glacier Highway Elect r ic

Association and Cordova Electr ic Assoct ation .

In addtt10n to thts legisltt ion ~ht i ng to funding. two bO ls were passed

tha t .ga tn alll!nd~ Substa nt ta lly the leg islation crut ing the Power
Au thor ity . The fi rst bil l was a .,jar piece of leg islat ion on the general
subjec t of ener gy. One par t of th is b1l 1 conta ln:d the provis ions relatlng to
amendment of the Power Authortty s t at ute . These iIlllM!ndllll!!nt s g.ve the Power
Authority t l'le pOIIl!! r to re comnend power proJ l!C t fi nanci ng t h:"ough th e use of

genera l Obligati on bonds •• a fi nancing approaCh tha t earli er legislat ion had not

conteq) la tl!d. This b1ll also IIII!nded subStantially the provisions creati ng th e

Power Projec t Rrto 1v1ng loan Fund. One Ch ange conver ted t he fund f rom a

re volVing loan fund to a direct loan progr am. wit h funds for loans appro pri ated
by'ttll!! l eg is la wre to t he fund and revenues frC/III rep 'y.Dent deposited in the
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st ate 's Genera l Fund ra t tler than in the Power Project Fund. The purpcses for

which lo ans could be granted were expanded. A provis ion that pemltted the

Power Au t hority to _ake unsecu re d loans in SOlIe inst ances a ls o was added. The

r ight to for g1'le loans ...5 transfernd frtMII the Power Au t hori t y to the

leg islat ure i t se lf.

A new sec tion was added re qui r ing the Author ity to undertake

reconoet s sence stld les to id ent i fy power a lternathes for COIIJIUnities . Under

th ts addit ion reconna issance s tu di es lIlU st be r evi ewed by the Dh is lon of Budget

and Mana~ent and sut.i t t ed to t he leg is latu re. The Susi t na Hydroel ec tr ic

project was addressed direct ly in subsequent 1980 legis la t ion.

The above dis cussioo is not intended as either a c~rehen s lv e re'l lel1l of

h ts tory of elec tr ic al power plam lng and de'le tQ9lllent In t he State of Ala ska or

a detail e<l review of the l@9 islation rela t ing t il the Power Au thori ty .

Nonethe less . several re Ievant obser'lati ons can be drawn. First. in'lo lvemen t by

legi SIat tve and executiv e branches of the state government In t he plann ing,

dna lys is . fi nanci ng. dnd direct ownership of power gener ation and d is t r ibut i on

faciH ti es is .I recen t pl'leno.enon. Second. a l thOugh recent ly involv ed , the

:it ate has ctearly as sunteCI a ..j ar ro te 1"1 oese acti'l it les. It has aree....t ed

sl gnihc<llnt ly IIOs t ot her effor t s by fed~ra l agenci u and 'by indi'l idua l

ut il i t ies . Thi rd, d lmost year ly the s t ate 's invo lvement has been expanding

SIgni f i cant ly . in terms of doll ar vol ume . Coql lexl ty . and geogr aphic dl re a.

Four th . t~ spt!C ifi c lIIf'ans and parallM!ters th <llt def ine th at involv ement have
changed fre quent ly ,

These o~serva t i on s suggest that the anal ys is of the 1981 legi s l d1t ion and

i ts ll11p act llOon alter nati'le ener gy pro jects . wh iCh fOI10W0i . IlIJ st ee viewed wi th

SOIlll! skept ic lsm. Most li ke ly. ree se l<llws will be changed before e ither the

Susi t nd Proj ect or SOlIIl! a l t ernat ive can be i~ lellt!n t:ed . FurthertlOre. because

t ne St dte' S tnvOtveOlefl t has been so f lu id . i f an a l ternative is perce ived

plll)lIc ly as preferable to t he Susl t n. Project . th e <lIlternati ve IIlOst Ilk e ly

eecte be illlp lemen ted d irec t ly by Changes in the curre nt st at ut es .

In 1981 t he leg islature again passed el ec t r ic power

sa l 5 dIld sa lb . The leg is lat ion . dis cussed In Sec ti on

Power Au t hor Ity .

leg is lat ion . l(nown as

.3. rel ate s to th e

Federal. state. or local governments have b«ome inv01'led In the

construction and ownership of power generating fac ilit ies for four gener a l

reasons . First. govemllll!nt i nvo h ement in the dec is10n mak ing process and

ownersh ip of product ion hc i 1tties cay be appropriate wI'lt:'re ..n et

i~erfec tt Cl'l s prevent a utility frtllll build ing t he generattng capac i t y it needs

to -eet de-.n1 . Such illlper fecti ons do exis t 1n the cap ita l IM.rkets and also

1Il<ll1 be C&lsed by reguh tory risks . To address such ilqJer fec:t ions. the s i""l est

approach is for the government to make available to the util ity a grant or loan

to provtde a d irect source of cap ital . NOl"1IlIlly. the gO'lemllleflt ent ity would

not Mve to take on r the dec is10n ..king proce ss or own th e fac t 11ty silllPly ta

correct cap ita l ..rtet illlPerfect ions .

A second reason for government inv01'leaent 15 to give recognit ion to

-externa li ti es- that re~ult in public benefits. but wh ich are not factored into

an ind iv idual ut l1ity 's dec ision lIaki ng process . Many pro j ects undertaken tly

the f edera l govert\Clll!l'lt are Just i f ied on th is basts . For exanole. construction

of reeeessee Va ll ey Author ity dillS was under ta ken when PubHc sent illll!flt viewed

the cre ati on of construct ion jobS IS a pubHc benefit in i tse lf. In t his

ins t ance . the gO'lemment was will ing to spend money to put people to work on a

construction pro ject even i f a private enti ty was not will ing to build the

pro ject . For dll!I$ buil t in the west . the externa lit ies that constitute public

benef its j ustifying the expendi t ure of pubHc dollars Include ..k1ng water

availab le f or irr igat ion and for protect ion against flood ing. Although a

pr t'llte uti lity lIl ight not Chose construc t ion of a hydroel ectrtc pl ant 1f

cheaper energy sources are available . the hydroe lectric. plant may be the -bes t­

plant when consideration ts given to the addit iona l pl.bHc benef lts It creates .

Ii th 1rd reason for goven'llleflt i nv01'letlll!nt 15 the dec ts lon to eff ect t eccee

transfers th rough the dis tri but ion and consuqlt ion of po-er. If the governnent

wishes to s r..'llsidtl e the consunptton of po-er, It lIIay construct a plant and sell

the power below 1ts free market prtce , The resul t w11 1 be a subs idy t o

electricity users . Such a subsidy can resu l t in i ncome t ran sfer either to end­

use coes ueer s , to the ut ility d1st rtbut lon C()q)anies. or t o both .
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A four th reason for govemment intervention in t he cec ts ton making or

produc t i un produc tion oroce..s is si mp ly to alter the free market result for

cou t tce t or po li cy reasons . ThuS, If a private utillty wtll generate

e lec tr ic it y uSing ~thoUs MA· lind Ma· and the government prefers methods · C·

and · 0· , it can int erv ene to ensure use of ~thods · C· and -D. · The

gover nmen t ' s pre fere nce for -CMand MOM might result from obj ec t ives already

d l!lo cussed (sudl as i ncome red istr ibution) or i t might be the result ;:If

roneccoom c obj ec t ive. For one eX 4JIlI le , a rooeccocetc objective mfght be the

des i re to create a l ocal market for coal . If this were a govel"T11llent objective,

the gover nment might wish t o encourage coal -fi r ed power generation even if t hat
met hod w.\S not the least -cost met hod.

8. 3 Ttf CURRE NT STATUTORY FRAMEWORK IN ALASKA

The leg" l aut hority for t he s ta te to irrplement t he e rec tr tc energy p lans

ts cont e t reo In t he recent ly adopted legf slation t hat rev ises the leg is lat ion

c reati ng the Alaska Power Au t hor i ty . The provis ions creati ng the Alaskan

Energy Progralll , A. S. 44.8 3.380 tllli (Sa l 5), are especially 1""ortant. This

st at ute creates a fUnd, t he revenues of wh ich may be used for , among other

th Ings . r ecoeoa tvence , fea s ib i li ty dod cons t r ucti on of power proj ec t s

( lilt IUding a II re le ted cos t s of Such cons truct Ion). The fund may not be used

for aper J t ion and ma in te nance ~~ ich . as d is cussed be l ow , creates a sign i f icant

~1 4S In planni ng. Before t he revenues can be used for cons t ruc ti ng 1I proj ec t ,
tne project ~st sati sfy the fo ll ow ing Condi tions :

1. Tne proj ec t rlIIJ st ee economica lly feas ib le and afte r cces t r uc t rce

~ s t be able to pro vide re venue suff ic ient to re t urn annu41l y to the

Sute fi ve per cent ( 5~ ) of t he a~u nt that the Power Au t hor ity has
spent from t ne fund for the proj ect .

Z. The Projec t must ;:l rov tde the lowe s t re llsonllb Je cceer cos t to t ne

ut il ity in t he market area for t he e st tee ter ltfe of t he power

projec t , wt'lt: t ner opera ted by i t sel f or in conj Lnct ion with other
power arc j ec rs in the mark et area.

B. B

3. The projKt IMJst operate either on renewable energy resources such as

hydroelectric. wind, biomass. geothermal , ti da l , solar , te~erature

differentials of the ocean, or coa l , peat , waste heat, or fossil
fue 1-

4. The pro ject must be approved by the leg islature and funds

appropriated by the legislature .

Because these limitat ions are def ined primarily tn economic and pol1tical

tet"lltS and not in tenns of engineering or hardware. the statute appears to have

enough flexib 111ty to permit the Power Authority to adopt any of the four

alternative electr ic energy plans, prov ided that the plan meets the tests of

the statute. The except ion to this conclusion is the plan option that requires

large expenditures for conservation of electrical energy. The statute appears

to conte~1ate construction of facilities that will generate electric ity . The

statute may be interpreted so that certain types of conservation pl"09rams could

be classified as ·projKts;Mhowever. th is approach is doubtful.

I~lementating the conservat ion option appears to require new authortzing

leg islat ion.

Although the requirelllents of A.S . 44.B3.384!!,!!g. do not preclUde

i"" lelllent fng lilly of the energy option plans (except perhaps conservat ion as

mentioned above). the circumstances under which the requirements di ctate a

part icular option as the only authortzed option cannot be determined with

certainty. Lack of cer t ai nt y results because the requirements are too general
and somet imes contradictory to Judge def initively how the cour t s will interpret

the statute .

The relationship between the requirements set forth in A.S . 44. 83. 384

(conditions 1-3 above) and the requirement of legislative approval contained in

A.S . 44 .83 .380 is not clear . Legislathe approval appear s t o be a separate,

Independent requirement and therefore should not be sufficient to authori ze

construction of a projKt that does not also satisfy the requirements of

A.S. 44.83.384. On the other hand. the legiS lathe approval IMJst be in

accordance with A.S. 44.83 .185, wh ich requtres passage of a law authoriZing the

project. Most I1kely the legislation authoriZ ing alY,1roval wtll e ither make

explicit or implied amendments, or i f necessary, r epeal the requirements of

A.S . 44.83.384 as to the pro ject the legislation authorizes. If the

B.'



legtslature takes t h ts act ton, th en any of the opt ions are posstblt! t f t t 15

approved by enact'lllent of a law. ....Il e th is analys ts seees log1ca J. it rend er s

the requ1re':letlts of A.S. 44.83 .384 Il l usory , and for tha t r<!aso". a cour t lIli ght

conclude t hat a project is not p roper ly bef ore t~ legis hture for appr ova l

unt il the requ irements of A. S. 44 .83. 384 are met.

Appl1catton of the s ta ndards set forth 1n the stat utes requ 1res

inter-pretat1on by t he Power Autoor tly. For eXMllpl e, t he requ1r81!nt t hat a

proj ect -be able to provide revenue su ff ic 1ent to re t urn annually t o the Sta te

f lYe perc ent (51) of t he amount t hat the (Power Au thori ty) has spent from the

fUnd••• - is anOi~ous . If this requirement is fnter pret ed to mean that a

project!!!!!!!. return flYe perc ent ( 51) of t he artIlunt spent . al /llOst no pro ject

coul d qua ltfy because the ee tce the Power Aut hori ty Charges for power pursuant

to section .490 express ly I"J.cludes cap1ta) recovery. Thts provis 1on IlUst mean

that ftve percent (51) wou1d be r eturned 1f a full pr tce 15 char ged . However .

even th is 1nt er prd atfon ra is es quest ions. What price and demand as sul!1Jt ions
should be ..ade to detel"1ll1 ne if tne projec t eeees the requ irement? Is i t

real is t ic t hat a pro j ect large enough to III!C!t delU.nd at a low pr ice wi ll a lso

be ab le to sen enough power "at ill IlUCh hi gher pr ice to re t urn ftve percen t (51)

per year? What rate of return should be assumed for invested capi t a l? AJ so.

If the Shte has a 1001 equity pos1tton in the pro ject, this requirement
nece~sart1y ll!1Jltes a ZO-y ear alllOrtizat lon of the pro ject.

The statu te requ1res t hat a proj ect ..s t prov ide the lowest pr ice by

itse lf and wI'Ien operated in conjunct ion yith ot her power pro jects i n t he market

area . However . a project may be lowest ln only one situation. not both. All

of these uncerta in t ies are pr oblems that are frequent ly encountered and

handled by ~lanners and engineer s 'IItlen IIlaklng decisi ons about fu ture generati.,g

add1tions . Once assu~t i ons are nade abcut lI\arl(et area. future demand projec t
l t fet illl@ anc:I oth e •r parameters, conclusions Can be drawn about wh ich pr oject

will provide the - lowes t - cos t . In the current s tatute uncerta inty exist s

however. because i t author izes projec ts only 'IItlen certai n cr tter fa. such a;

-lowest cost. - ere IIIl! t . It does not prov ide guidance on the ass ump tions th at
are to be used ",tlen arr tv ing at t he f ina l det enllnation .

9. 10

Because the st at uto ry requ i rements are te chnical and req ui r e th e Power

Authority in d?t enn1ning whether the y are met , i t s detenlli nat ion should be

fi nal unless a cour t fihjs that no reasonable bas is ex is t s for the the i r

find ing . This standard maxilllizes the Power Author i ty' S flex fbll ity to eva luate

alternatives , but does not give the Power Author ity cOl!1Jlete f re edom to sel ect

whatever opti on it wants . If the opti on or base case is not j usti f ie d in t erms

of the stat utory requi rements . inte rpre t ed in a r easonabl e manner. the opt ion

or base ca se could not be lq:llellll!flted under the ex1st ing statute .

In the stat ute, ot her prov is ions that seeming ly are unrel ated t o me
statutory st andards crea t e bias in favor of a part icular gener ation opt ion .

Sec ause th e Power Author ity obta ins the neeeec funds for a proj ect f rom the

leg is lature and because the pro ject is expected to be subsidized part ia ll y wi th

G'!neral fund revenues . no di re:t man et accounta bi li ty exists f or w~at~ver

opt ion t he Power Authori t y undertakes . On the ot her hand, t he Power Auth orl t y.

as an agency of the state. IIklSt be accountable t o the leg islature. the governor

and the people of t he state and. to the extent t his polit ical account abil ity is

a d1rec t substitute f or IIIrke t accounta bl1 ity. the Power Au thor ity can be

expected to see k out t he least-cost approach j ust as a pr ivat e uti l i ty would.

Conversely. 1f the least-cost obj ect ive conf licts wit h ot her poli ti ca l
objectives. the Power Au th ority may seek to accCNllllOdate both the economic and

poli t ical goals to the lIIaxl lDJlD ext ent feasible .

Section .490(b)(2 ) of sa 25 states th at tf th e legislature has not

appropr1ated ~5 bO lton to the fUnd. the whOlesa le power r ate shall be t he

higher of etther lOS of the amount the Power Author i t y has inves t ed in powe r

projects or the alllOUnt of revenues necessary t o pay operat ion and maint enance

«(lI,M) costs plus debt sere te e p lus sa fe t y ins pect1 ons . If O&M cos ts. debt

serv ice and saf ety Inspect ions are less than lOS of investment . whtch is qui t e

like ly . then purch as ing uttll t1es wtl l want t he legts lature to appropr1at e the

~5 bill ion to satisfy the corxllt ion cont ai ned In (b)(Z) sl nce they then will

avoid th e r isk of the higher who lesa le power cos t s . To meet th e. ~5 bil lion

appropr iat ion req ut rement. t he legis la ture will have to se lect th ose power

pro j ects and ener gy opt ions th at have the gre atest in i tial captta l cost. Of

t he option plans Identif ied in th is s tudy, only t hose Including constru:t 1on of
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Susitna appear to meet that requirement. The purch4Sing utilities can be

exsec eec to ..or lt aggressively, in their own self Int erest , to persuade the

Power AuthOrity to choose an energy option that Includes const ruc ti on of

Sus itna , even if Susi t na is not the least-cost approach .

The pr ic ing provis ion al so creates a second ki nd of b ias. Assuming the

leg islature does appropr iate'S billion, the ..holesale price the Power

Au thor i ty Char ges to purchasers is a function of 0&101 cos t s . safety inspections

and the f ina ncing approach used by the Power Authority. Under th is prov is io~,

th e pr ice to the purchas ir.g utilities will be lowest for those pro jects having

lowest 0&101 and safety inspection costs , regardless of capital cost, when the

proj ec t is funded by direct appropriation . If the least-cost approach is one

that tnct uces projects with higher overall long-term 0&101 costs but less in i t ial

capita l t nvestse nt , the lea st-cost approa ch will not be favored by the

pu ~cl1a sing u ti ~l t i es because it results in greater power costs to them ( and

le ss cos t to tne St ,lte). This bias in fav or of the fac fttt y wfth the lowest

0& 101 is s igni fi cant when CO:1 s ider i ng alternat ives. Those fac ilit ies, such as

hyrjroe lec tri c projec t s , with high ini ti a l capital inv'!stment but l ow 0& 101 costs ,

.. ill be favored by purChasing utilities because the cap ital costs are

subsi dized by the Sta te but 0& 101 costs are not. On the other hand, projects,

such coa l · flred plants, which have lower front end costs but higher 0&101

cos t s, mi ght be t he least-cost project ( In presen t dollars) but will not be

f., "" ur E!d by the purChas ing ut ilities because i t could result tn h igher cost

power to them and to thei r cust omer s because the St at e subsidy will be less .

The ex t ent to wh ich the statute' s pri cing pr ovis ions cr eat e , f or the

purchasing ut il i ties, obj f!(tiyes that conf li c t .. i tn the cri t eri a cont a ined in

ot her parts of the statute cannot be known unt il additiona l econom ic ana lyses

of the options are undertaken . li ltewise , t he extent to whiCh the Power

Autho-ity'S analy s ts will be d irectly or indi r ect ly fnf l encecl by the desires of

p'Jrc hasi ng ut il i t i es is unltnown . Note that the Power Author ity is required to

average prices s t at ewide for all projects . This requ irement means that ,)11

purchas ing utilities, not just Rallbelt utilities, .. i ll be i~ ac t~d by the
Power Authority's cec ts tcns , All utilities wh ich do, or may, ourcne se power

f rom t he PO\oll!r Aut hori ty, therefore, ..ill have t he same objectives of

prl:! fer ri ng t hose projects that rece ive maximum Sta t e subs fdy whether they
purchase power f rom a particular project or not.

8 . 12
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APPENDIX B
OEMANO ASSUMPTIONS AND FORECASTS

This appendix contains tables surrmarizlng electrical demand assueet tcns

and results for the three Ral1belt load centers - Anchorage and vicinity,

Fairbanks and vicinity, and Glennallen-Valdez. The demand totals include only

utility-provided energy at the consumer level. Ml1itary consu""tion. self­

supplied industrial electricity, and residential and cceeercta l consu""tion of
electrical power by small users not connected to utilities are exctucec, t tee

losses and splnntng reserve requirements are consIdered part of supply
requirements, but are not shown as part of tJemand.

The append1Jt is organfzed as follows. Table B.1 slMlWllar1zes the

assu~tions used to generate forecasts of the Ratlbelt's economy and populat ion

for use In the "'AP lIIOdel . rebte B.2 stmnarizes the assurtPt10ns used i ro the
study for large industrfal dem~nd. Tables B.3 through B.11 show the forecasts

of total employment and populatfon for each load center used throughout the
study. Tables B.12 tnrough B.37 show total energy and peak demand f orecasts

f or each load center for each combinatfon of economic growth and supply pltn
analyzed in the study. (e l Finally, rebtes B.3B to B.49 SlJlllllarfze the impact

of IS and ~ growth In fossil-fuel prices above Inflation as a sens itivity

test of the base case fuel escalat ion rate of 2%.

(a) The sum of peak demands for the three load cent er s will eKceed that fo r the
Ratlbelt because the peak loads are assuned not to co incide. A divers ity
factor of .9n is I'l'IUltip11ed times the SlJl1 of the load center peak demends
to derive RaiTbelt peak demand.
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19'".::t= iQ. =.. .I!cg. =.. .I!cg. =.. .!'lI>. =.. 218564 93936 58m 23' 00 5100 2691 28S3J5 119927
1985 "8115 12"60 75237 34069 124<12 .453 355794 162782

,.'" 218564 93936 Sll67l 23300 8100 2691 285335 119927 19.. 3367" 15561 5 7,.,-, 36SOS 12679 4733 425155 196853

1985 264424 122621 757 85 3<1015 12539 44SO 352748 161086 1995 354350 160211 84m 38.56 14386 S041 .53007 203708

1990 30l5fS6 141906 77..9 35053 1314 4 460' 3!7999 lB1561 2000 383049 174255 9..SO 42683 15272 SS89 493371 222527

1995 335010 1513911 83911 37168 14430 4933 433351 193 39 2005 420595 190667 103938 ".., 182.. 600' 5<'823 242168
20CO 37m9 171546 9280' 42168 16103 5547 483686 219261 2010 457904 207822 11560 8 .. lBO ' 0667 6519 5g.u79 263521

' 005 398115 IB6172 99351 45637 17112 6031 514578 237840
2010 417!OS 205017 103957 50203 17957 6635 53..,9 261855

1)ble B 7. Popul ation and Total D::pl Cl'jlnent.
Lew scenaet e With SUsi tzla

n bJe B 4. Population and Total Dr.ployment .
Lcw Scenari o ti l thout SUsitna Anchct'ac;e- Fai r bM.ks- Glennallen- To<al

Coot In' et t;:R~M vall ey VAldez p"t ' he't...-,...... Fairbanks- Glennallen- To<al .::t= Illll. =.. Illll. =- Illll. =.. Illll. =..
Cmt '''' :'' 10"""" Vall C' val ee? 'Da 1J be

'
t

~ a:.. =.. .I!cg. !..~ m. =.. a:.. ~1 19'" "''''' 93645 58926 23'92 "'95 '677 255934 1196 14
1985 257584 115916 79 19 32819 92" 3200 3..2165 151935

19'" 218913 93645 58926 23292 "'95 2677 2e5934 119614 19so 311233 U.. ., 7C789 31649 10092 3566 3S2l14 17015 7

1985 253ac, 1100' 75 9<15 32m .,.. 3197 339093 150278 1995 '113" 131141 76471 31698 11023 3610 398834 1664 (9

19so 2!2l 01 122593 7.nOO 300'" 10SBl ' 474 366782 156. ... 2000 320716 135274 82'09 33340 11942 )79 ' 'He67 172408

1995 292968 123311 76736 3066 4 111 03 3526 " 0"" 157501 2005 327736 141290 "859 34598 I "," m. 42847 8 179826

, COO 312575 132422 n012 32763 11776 "" 405363 168927 '010 334379 146616 944fD 36081 13913 4 105 442:837 186802

2005 32784 8 139991 845" ""7 12U ' '9'0 4247eJ 1'78417
2010 346001 148836 ..,57 36512 13114 u n 447672 1£9439

Table 'P s . Poptlation and Tttal Fl:':pl.ayrent ,
High scenario With Susitna

:aMe 5 5. Population and Tcul Dt;pl"fI:Ent..
High seerar t e WithaJt Susitna Ancho''''- FairlJanks- Glennalll!1'l- To<al

Ctx;t In1 et TaM M VAl l ey Va' nez Ra1 J be' t

Ancooraqe- FaitbankS- Glennallen- Tcul Joor Illll. =- .I!cg. =.. .I!cg. =.. Illll. =-
Cmk TO' et TlmilTU! 'U:l 1ey Vi'l Jt'lez pAl1telr

~ ioo.. =- m. =. .leo. =- .I!cg. =- 19'" "8482 94426 56530 21376 8101 2705 285113 120507
19 85 279346 132446 75807 '''42 1719<1 6421 372347 174909

19.. "8482 94426 58530 23376 8101 2705 28511 3 120507 19.. 388802 195619 849" 45902 2137 8 8686 495167 250207

1985 2757 88 130809 76292 35982 17320 s-aa 369400 173209
1995 435592 217U2 lOO1!l5 52678 24606 9513 561013 279lU

19.. 358872 180554 B6056 43966 2201. ' SO, 466944 233028
2000 502335 250680 120081 62943 2S166 10115 650582 324338

1995 413988 205937 99293 50680 24579 9321 537860 265938
2005 57144 4 289582 142268 73121 32275 11826 745987 374529

2000 491123 245945 117976 6l8n 27 84' 10610 636942 3lS396
2010 65190 4 334113 169023 85749 37000 13141 857927 433003

2005 572944 285692 130009 72878 31339 11786 N2292 370356
2010 672846 3352iO 162136 86901 35307 13199 870289 435370

B.'
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Tab le B 12 . Peak Denand and Amual ~rgy,

Mediun Ea:mallic SCenario, Plan lA

Table B 2 . Population and Total f)::playJlellt., AnchorClg@'"" Fa.!rban!ts- Glennallen- Total
Nalsustainable GoYemnent Spending Cook Inl e t TamPa Va" ev yalrez RAi'be'r

Peak sal.. Peak sal.. _k sal.. Pea k SoJ..Anct'.orage- FairbanY.s- Glennallen- Total Il= .lIlil .lWhI. .lJtil .lWhI. ll1ll .lalbl .lJtil lGJhlCrok Io l e r Tampa ya11"'Y 'iJl "eZ flaf l telt
~r 1:00. -... l'Ql. -... l'Ql. -... l'Ql. -... 1980 US 2026 113 487 9 39 521 2S51

190; '9' 2424 155 665 10 '7 643 3136i seo 2l 8S64 93936 58671 23300 8100 2691 285335 119927 1990 sis 3009 "9 1155 21 93 880 . 256190; 272705 U 8927 7751 8 35570 12578 4528 362&01 16902 5 1995 728 3608 270 1151 25 llO 993 ' 8751990 35165 4 175499 887.. 43872 14008 5216 CS44Sl 22458 7 2000 8ll 4011 200 893 29 130 1017 50331995 353143 159188 88122 3909' 15060 SUB 456325 203400 2005 90' 4417 10; 793 34 lSl 1092 54212000 350448 144939 llS149 34508 15430 .... 45.1627 184293 2010 1073 5288 10; 79' 39 175 1259 '2582005 313275 U9S65 74838 30117 14930 4689 403043 164371
2010 28267 9 116911 65793 26477 14335 . S02 362807 147890

Tabl e R n, Peak Demand and Amual Etergy .
Mediun Emnanic SCenari o. Plan 1BTilble B 10 , Populaticn and Total ~oyment..

In1ustt iali zation scenario Anchorage- Fa.!rbanks- Glennallen- Total
~ TaMPa val ]ey \lj!lQeZ Feil be' tAnchorage- Fa! rbank$- Glennal l en- Total Peak sal.. Peak sal.. Pea k sales Pea k salesCOOk Ie] er :acara \lj!I Jet val dez D, l' be l t Il= J.Wl .lWhI. .lJtil .lalbl .lJtil 1Whl l!lll 1Whl...x..u l'Ql. -... l'Ql. =. l'Ql. -... l'Ql. """-

1980 US 2026 113 487 9 39 521 255119", 2l86H ""'8 S8n , 233SO "'92 2691 285420 120089 190; 502 2'SO 154 ' 62 10 '7 647 3160190; 267427 U 594.J 77072 35380 17311 6259 361810 167582 1990 '67 3254 265 11)6 21 92 92' "'"1990 374973 156423 82221 39259 24106 884' 0 1300 204528 1995 737 3651 '" 1133 25 110 9.. ( 8941995 363129 170 487 90410 42769 26178 9399 47m7 222655
2000 760 37 63 195 83S 29 130 955 47282000 417435 199128 104453 51006 27~4 10122 549832 260256 2005 888 4387 183 78' 34 155 1073 532720C5 469011 221905 116505 56724 30279 108 15 615795 2B9444 2010 llCO 5617 206 883 41 18' 1347 66"2010 531132 250652 131586 6 4656 32651 11593 695369 326901

1'?lble:, P . f'apulation and Tttal Dcploynent , Table B 14 . Peak Demand and Amual En!rgy .
~rhi9h Eam::mic SCenari o Hedit.tll Eoonanic SCenario. Pl an 2A

An:horage- Anchor..... Fai rbanks- Gl.ennal1~ TotalFai rbanlts- Glenr.a.llen- Total
Cook In let TaMM yalley ¥a]rez Rilj)hf1tCoot Inlet TiJrvna \lj!J1ex vnildez R"iI be] t

Peak sales Peak sales Peak sales _k sales...x..u !'oil. =- l'Ql. -... l'Ql. -... l'Ql. -... .!!Ill. .lWhI. .lJtil .lWhI. .lJtil .lllllll .J:m .lllllllIl=
1980 218510 94'" 58554 23405 eo97 2705 285161 120599

'87 9 39 521 2551190; 276860 U 1646 76731 36 331 17287 1980 US 2026 113' 420 37CB7B 174397
605 10 " 573 27261990 366002 185893 58100 45a86 24533 190; 437 2075 14396 17 47 6635 241396

U2l 2l 92 79! 37341995 ~3643 219292 103946 54769 27649 10730 1990 532 2522 2'2565 238 284791
1134 25 110 933 45302000 524260 2681U 127396 69247 1995 672 3287 26'30961 12103 682617 349462

130 921 4503~OO5 623899 319180 149238 93859 33837 13091 606974 4 :6 130 2000 72. 3533 '" 841 29
2010 7472 45 383833 17 R311 1030B4 372 41 14359 2005 802 3909 173 742 " 151 m '''' 2%2797 50 1276

175 1125 5S232010 9" 4604 173 744 39
9.8 8. 9



Tan e B 15 . Peak D8;Iand and Amua.l fnort:ll . Tlab1 e &18. PM.k oer.and and Aml.ta1 D'l!rqy.
Mediln ED)nadc sceoaete, Plan 2B Low E:cDnca.ic SOl!I'\II[io, PI., lA

Anchor age- Fai rbanks- Glennal l en- Tctal Anchor ..... Fai rtwUts- Glennallen- Tctal
Cook l ul e t TaQrlN \Wley Vnlp., Ral ] bel t Coolr In'et TaNN valley YOlde z FAf 1te1tPea, sales Pea, sales Pea, SAl.. Pea, sal.. Pea, SAles Pea, SAl.. Pea' Sal.. Pea, SAl..

:<= .lI>il 1Wll J.!.Iil 1Wll lItil .lllillI. .lIIil 1ailll. I&o< .lI>il 1Wll lItil 1Wll lItil 1Wll lItil .lllillI.

I'''' 415 2026 113 .87 • 3. 521 2551 I'''' (15 2027 11. ... • 3. 522 2554
1.0; '" 2099 1<2 602 10 '6 5TI 2746 190; "6 2325 154 ..1 • 42 621 3028
1990 57. 27(1 258 1105 21 '1 832 3937 1.90 557 2721 251 11178 12 54 797 30;3

I'" 703 3438 267 1144 25 110 ..6 . 692 1995 609 2m 239 1023 15 6. 837 ...3
2000 735 3590 200 857 29 130 '36 4576 2000 6.., 3157 174 746 18 .. 815 3...
2005 .., 4130 187 810 3. 155 103' S085 2005 721 3520 153 655 22 102 870 4218
2010 10<11 S056 201 860 (I 10; 1245 6101 2010 0;2 (157 153 055 27 124 1001 4936

Tz!bl e B 19. PM.k Dei\and and Amual D'ert:ll .
Low £a:lnaIlic seesert e, PI., I B

Tahle B ]6 . Peak Dsw:d and NnW. Eni!rt:ll.
MediU!l E:mrDlLic Scenario. PIIlI1 3 - ..... Fairba:nk.s- m,."..,u..,... Tctal

Cook I nl e t Tannr'A VI,]] e< Y'] (rt Pn j ) be' t
Anchor~ l" airbilnks- Glennallen- Tctal Pea, Sales ...., Sal .. ...., Sal.. Pea' sal..
Cock Inlet !noora yA]l ry Y'l cjpz pajl te' t ~ .lI>il .lllillI. .lIIil .lllillI. lItil .lWlll. lItil .lWll1Pea, Sales Pea, Sales Pea, Sal .. Pea, sal..

l:ut illll .lllillI. lItil 1Wll lItil .lllillI. lItil .lllillI. I'''' (15 2027 11' . 88 • 3. 522 2554
1.0; '82 2353 153 657 • 42 626 3052

I'''' (15 2026 113 . 87 • 3. m 2551 1990 610 2978 245 1051 12 54 8(l 4083
1. 0; ... 242• 155 665 10 " 643 3136 I." 629 31170 236 1012 15 6. 0;. (ISO
1990 61' 3009 269 115 5 21 93 "" 4256 2000 60. 2971 163 700 19 85 767 3756
1995 720 3569 267 1146 25 110 .83 '82 6 2005 ..8 326 1 146 627 23 10<1 ' 12 3991
2COO 781 3"5 200 0;8 29 130 ' 81 .0;3 2010 831 4055 162 6" 28 128 '91 ' 87'
2005 '62 42.2 175 753 " 151 1.... 5166
2010 1012 .991 173 H' i . 175 1188 5910

"'ble B ?O. Peak Demand and ArI'lUal D'erqy.
Low Ea:maIlic scerar tc, Pl~ 2A

TltQ'e R 11 . Peak D8Jand and Amual D'e rqy •
MediU!l EoonatUc scenario. Pl an 4 Anchor~ Fai rbanlts- Glennallen- Total

Cook Inlet '''aNN \1i!]],.." Y'lfez fq! 11 hp Jt
Ancho' ..... Fairbanks- Gl ennallen- Tot'" Pea, Sal .. Pea' sales Pea, SAl.. Pea, SAles
Coot I n'et ramon yalle< "" Idez Pnflte't ~ .lI>il 1Wll lItil 1Wll lItil 1ailll. 1Wl .lllillI.Pea, SAl.. Pea, sales Pea, SAles Pea, salea

~ .lI>il 1Wll lItil 1Wll lItil .lllillI. lItil .lllillI. 19'" us 2027 11' ... • 39 522 2554
1.0; ". 1988 142 600 • " 553 2629

I'''' 415 2026 113 . 87 • 39 521 2551 ': . ;~ '" 2269 243 1040 12 54 712 3362
1.0; ... 242. 155 ... 10 " 643 3136 1995 565 2717 235 1008 15 68 7' 1 3193
1990 61. 3007 269 1156 21 93 .'" 4256 2000 60' 290' 173 740 18 .. TI2 3132

I'" 722 3578 26_ 1148 25 110 .0; 4837 2005 614 324' 153 654 22 102 825 4000
2000 792 3921 203 ". 29 130 ." 4919 2010 TIS 3724 149 638 27 124 923 .."2005 8.. '369 1'" TIl " 151 106. 5291 a.n
2010 1038 5120 17. 767 39 175 In. . 062

e.ic



Table B 21 .
.... ""'""" and Amua.l _'~

Table 8 24• Peak Dmand and Arr.ual Enwy.
Lot F.oonaaic SCenario, Plan Bi gh Ecorx:a.ic scenario, Pl.'" 1A

Ancho''''- Fai rbanka- Glennallen- Total Arct.o<...- rai rbanks- Glennal l en- TotalCoot Inlet TaMoa va))ev Yaldez Pa'l bel t Cm\:Inl et 'l'mylna val)", V.,lpez Rai 1he' t
Peak SAles .... SAles .... SAles .... SAl.. .... SAl.. .... SAles .... SAles .... 5<1ea

l:f4.r. .ll1il .lWlll. .lIIll .lWlll. .lIIll .lWlll. .lIIll .lWlll. = mo. .lWlll. .lIIll .lWlll. .lIIll .= .!!Ill. .lWlll.

19eo 415 2027 11. ' 88 • 3. 522 2554 19eo 415 2025 113 ... • 39 sa 1550
1.85 . 2. 2013 141 m • 41 551 2651 1985 515 2512 157 671 12 55 663 323819.. sas 2... 237 1016 12 53 751 3554 19.. ,.. 3400 293 1257 100 758 1057 541.
1995 591 284' 235 100 8 15 '8 81' 3022 1995 811 4012 2•• 126' 105 782 1115 '0582000 581 282' 167 718 19 85 750 3621 2000 922 4552 237 1015 III eo8 1232 6375
2005 '" 31.. 151 '47 Zl 104 7% 385. 2005 1133 5585 Zl5 10.. 118 840 140 1434
2010 811 3"5 16. 726 28 127 97. .758 2010 1425 7008 262 1122 126 881 1760 ""

'I)ble 8 22. Peat Dlmand and Amual D1erq'J. 1'Ab1 e B 25 . Feat DII!IlIa:nd and Amual D1!rgy .
Law E:coruDic sceeaere, Plan 3 High EaoncDl!e sceeertc, Plan 18

Me""...... Fai rbenks- GlenJ1iJl1en- Total
.......,..... Pai_ Glmnal1en- Total

Coot Inlet TAn.,na val )ev YaYje! B1ilbplr Cook Inlet 1)oopa V.,1 1ex ¥alOe? P!'j'be't.... SAles .... SAles .... SAles .... SAles .... SAles .... 5o1es .... SAles .... SAles
l:f4.r. .lIIll .lWlll. .lIIll .lWlll. .lIIll .lWlll. .lIIll .lWlll. = mo. .lWlll. .lIIll .lWlll. .lIIll .lWlll. .!!Ill. .lWlll.

19eo 415 2027 11. ' 88 • 3' 522 2554 19eo 415 2025 113 ,.. • 3' m 2550
1.85 m Zl25 154 '61 • '2 623 3028 1985 520 zsas 156 " 8 12 55 m 3259
19.. 551 2721 251 1078 12 54 797 3853 ,... 744 3630 2!l2 1252 •• 757 1102 563.
1995 618 3018 242 1038 15 ,. 850 4125 1995 831 4107 298 1278 105 7'" 1198 6168
2000 675 3293 182 781 18 84 850 A158 2000 872 4311 226 971 III eo9 1114 '092
2005 7Zl 3530 154 659 22 102 873 4291 2005 10l!l 5332 Zl3 1000 118 844 1391 1115
2010 815 3'81 '" 627 27 12. ..0 .732 2010 1513 7'" 303 1300 128 887 1888 9621

Table 8 a . Pe!l.t D8Dand and Amual DE Cw. Table B ?fj. PMt Dl!rnlInd and Amual D1!rgy .
1A:w Ea:::lncnlc SCenario. Plan 4 High Ecn"lallic Scenario. Plan 2A

Ancho,..... Fair b.!anXs- GlE!'lnil11en- Tct4l !R: hocage- Fairbanks- Glennallen- Total
Coot In'et nMna val ley Va l dez PaUbp lt Cook To'et 'l)MM Val ) ey Val dez p.,i Ibe' t.... SAles .... SAles .... 541.. .... SAles .... SAles .... SAles .... SAles .... Eales

= mil. .lWlll. .!!Ill. .lWlll. .!!Ill. lll1lll .JWl .= = mo. .lWlll. .lIIll .lWlll. .!!Ill. .lWlll. .!!Ill. .lWlll.

"eo 415 2027 11. .88 • 39 522 2554 ,.eo 415 2025 113 ... 9 39 m 2550
"85 m Zl25 154 '" • .2 623 3028 ,.85 45. 2153 144 610 12 53 592 2816
19.. 551 2721 251 1078 12 54 m 3853 "" '08 zeeo 28' 1223 •• 757 .., '''0
"95 610 2978 23. 1026 15 ,. 83. 4073 1995 764 3124 29' 1261 105 781 1129 57<7
2000 657 32'" In 758 18 .. 827 40'8 2000 81. 3..0 220 .., III eo8 1112 5711
2005 73. 3607 157 67' 22 102 8!l2 4383 2005 ..2 ,,,. 211 ..2 118 840 1253 '411
2010 859 4194 154 m 27 12' 1010 ••eo 2010 1195 5783 ZlO ... 126 8eo 1506 7847

B.12 8. 13



Ta ble B V . Pea k DII!!mand and Amua.l D1erqy. TJbl e 8.)Q. Peak t:leIaand aM Amual D'erqy.
HIgh EQnUllic scenario. Plan 28 Ncnsustainable Government Spendlnq. Plan lA

Anchoraqe- Fairbanks- Glennallen- Total Anchor~ FlIirbanks- Glennallen- Total
Cook Inlet TJMM VPilJ", Valdez hjJbe' t Coolt Inlet '!'DMM vat t ey VPilfer pnj1 be' t_.

Sales
_.

Sales
_.

Sales
_.

Sales
_.

Sales
_.

Sales
_.

Sal ..
_.

~ales

I<4r. illll. .ll:bllI. .JlIll. = 1II1l .llalIll .1lIll .llalIll = illll. .llalIll .JlIll. .lWllI. .JlIll. .llalIll .JlIll. .ll:bllI.

l'ao m 2025 U3 ... , as 521 25SO iseo 415 2028 113 487 9 " 521 2551
1'85 .58 2175 144 6U7 12 53 5.. 2835 1'85 S05 2466 15< m 10 47 652 3184
1'90 648 306' 285 121' 99 755 1002 5043 1'90 .91 3373 29' 1281 14 62 97. rns
199~ 793 3... 301 1291 105 782 U •• 5937 1995 TI3 3482 273 1170 17 79 ". 4730
2000 840 .... 231 '90 ill ao, 1148 5888 2000 ••• 3242 lao 772 21 .. 83' 4108
2005 1036 SOJl 238 1018 U8 843 1352 ..., 2005 .00 2930 129 552 2' 108 731 3590
2010 1438 .... 305 1305 128 887 181' 9156 2010 584 2851 106 .56 27 12. .97 3431

T.ahle 8 28. PMk DlsJand and Amual Enrqy. nble B 31. Peak Denand aM Amual Enerqy.
High F.c:oIDD.ic 5oenario, Plan 3 Ncnsustainable Gcwernnent Spendlnq, Plan 18

Anchorage- Fairbanks- GlEnnallen- Total Anchor..,.... Fairbanks- Glennallen- Total
Cook Inlet HiPI'M \TAU", Valdez IkIj l te J t Coolt Inlet TttOOM \TAU ry Ynldez IkIf Jbe1t_.

Sales
_.

Sales .... Sales
_.

Sales
_.

Sales
_.

Sales
_.

Sales
_.

Sales= illll. .llalIll .JlIll. .llalIll 1IIoll .llalIll .JlIll. .llalIll = illll. .lWllI. 1IIoll .llalIll 1IIoll .llalIll .JlIll. .ll3>'hl

l'ao US 2025 113 ... 9 as 521 25SO 19ao 415 2028 113 487 ,
" 521 2551

1'85 515 2512 156 m 12 55 663 3237 1'85 506 2469 157 673 10 47 .53 3189
1990 .97 3..3 293 l255 100 758 1058 541. 1'90 ... "90 301 1290 14 .2 979 4741
1995 810 ..07 29. 1282 105 782 11" .052 1'95 703 30' 270 1160 17 79 962 '672
2000 esz ...8 229 '84 lU ao8 U" 6201 2000 .18 3017 1.8 71' 21 .. 783 3830
2005 10.. 5128 215 920 U8 ... 1332 6889 2005 543 2851 117 SOD 2. 108 ••3 3259
2010 1297 .3.. 23. IOU 128 881 I.U 8278 2010 523 2551 '5 "7 27 12' 626 3082

TabJe 8,29. PM.k Demand and Amual En!'rtl/. nble 8 31. Peak DsnIIrd and Amual D1erCJY'
8igb Emraaic sceeectc, Plan 4 lJrlustrialization .scenario, Plan lA

Anchor..,.... Fairbanks- Glennallen- Total Anchor..,.... fairbonks- Glennallen- Total
Cmk Inlet 'J'lIMM VAl] ev valdez PAj 1be' t Cmk Iolet TltMM va'leY yaJdt-; 8A11be1 t_.

Sales
_.

Sal .. .... Sales
_.

Sales
_.

Sales .... Sales .... Sales
_.

Sales

= .lllll. .ll:bllI. 1IIoll .llalIll .IlW. .llalIll 1II1l .llalIll = .lllll. .llalIll 1IIoll .lWllI. 1IIoll .ll:bllI. .IlW. .llalIll

l ' ao 415 2025 U3 ... 9 as 521 25SO l'ao US 2028 Il3 487 ,
" 521 2551

1985 515 2512 156 on 12 55 663 3237 1985 SOl 2447 157 672 12 55 6SO 3174
1990 '97 3"1 292 1254 100 758 1057 5413 1990 755 4170 272 U 69 25 114 1022 5453
1995 ao. 3975 292 1252 105 782 U.S ..09 1995 1084 .... 247 1060 27' 2284 1560 10235
2000 887 082 227 973 Ul 808 U89 Uti3 2000 1081 687. 172 737 281 2306 1489 9917
2005 1076 5305 223 955 U8 ... 1375 7100 2005 U81 7361 156 668 287 233. 1576 10363
2010 1330 6545 20 1041 128 881 I.SO 8467 2010 1382 830 169 726 29' 2367 1791 11436

8 .14 8 .15



Ta ble B V . Pea k DII!!mand and Amua.l D1erqy. TJbl e 8.)Q. Peak t:leIaand aM Amual D'erqy.
HIgh EQnUllic scenario. Plan 28 Ncnsustainable Government Spendlnq. Plan lA

Anchoraqe- Fairbanks- Glennallen- Total Anchor~ FlIirbanks- Glennallen- Total
Cook Inlet TJMM VPilJ", Valdez hjJbe' t Coolt Inlet '!'DMM vat t ey VPilfer pnj1 be' t_.

Sales
_.

Sales
_.

Sales
_.

Sales
_.

Sales
_.

Sales
_.

Sal ..
_.

~ales

I<4r. illll. .ll:bllI. .JlIll. = 1II1l .llalIll .1lIll .llalIll = illll. .llalIll .JlIll. .lWllI. .JlIll. .llalIll .JlIll. .ll:bllI.

l'ao m 2025 U3 ... , as 521 25SO iseo 415 2028 113 487 9 " 521 2551
1'85 .58 2175 144 6U7 12 53 5.. 2835 1'85 S05 2466 15< m 10 47 652 3184
1'90 648 306' 285 121' 99 755 1002 5043 1'90 .91 3373 29' 1281 14 62 97. rns
199~ 793 3... 301 1291 105 782 U •• 5937 1995 TI3 3482 273 1170 17 79 ". 4730
2000 840 .... 231 '90 ill ao, 1148 5888 2000 ••• 3242 lao 772 21 .. 83' 4108
2005 1036 SOJl 238 1018 U8 843 1352 ..., 2005 .00 2930 129 552 2' 108 731 3590
2010 1438 .... 305 1305 128 887 181' 9156 2010 584 2851 106 .56 27 12. .97 3431

T.ahle 8 28. PMk DlsJand and Amual Enrqy. nble B 31. Peak Denand aM Amual Enerqy.
High F.c:oIDD.ic 5oenario, Plan 3 Ncnsustainable Gcwernnent Spendlnq, Plan 18

Anchorage- Fairbanks- GlEnnallen- Total Anchor..,.... Fairbanks- Glennallen- Total
Cook Inlet HiPI'M \TAU", Valdez IkIj l te J t Coolt Inlet TttOOM \TAU ry Ynldez IkIf Jbe1t_.

Sales
_.

Sales .... Sales
_.

Sales
_.

Sales
_.

Sales
_.

Sales
_.

Sales= illll. .llalIll .JlIll. .llalIll 1IIoll .llalIll .JlIll. .llalIll = illll. .lWllI. 1IIoll .llalIll 1IIoll .llalIll .JlIll. .ll3>'hl

l'ao US 2025 113 ... 9 as 521 25SO 19ao 415 2028 113 487 ,
" 521 2551

1'85 515 2512 156 m 12 55 663 3237 1'85 506 2469 157 673 10 47 .53 3189
1990 .97 3..3 293 l255 100 758 1058 541. 1'90 ... "90 301 1290 14 .2 979 4741
1995 810 ..07 29. 1282 105 782 11" .052 1'95 703 30' 270 1160 17 79 962 '672
2000 esz ...8 229 '84 lU ao8 U" 6201 2000 .18 3017 1.8 71' 21 .. 783 3830
2005 10.. 5128 215 920 U8 ... 1332 6889 2005 543 2851 117 SOD 2. 108 ••3 3259
2010 1297 .3.. 23. IOU 128 881 I.U 8278 2010 523 2551 '5 "7 27 12' 626 3082

TabJe 8,29. PM.k Demand and Amual En!'rtl/. nble 8 31. Peak DsnIIrd and Amual D1erCJY'
8igb Emraaic sceeectc, Plan 4 lJrlustrialization .scenario, Plan lA

Anchor..,.... Fairbanks- Glennallen- Total Anchor..,.... Fairbonks- Glennallen- Total
Cmk Inlet 'J'lIMM VAl] ev valdez PAj 1be' t Cmk Iolet TltMM va'leY yaJdt-; 8A11be1 t_.

Sales
_.

Sal .. .... Sales
_.

Sales
_.

Sales .... Sales .... Sales
_.

Sales

= .lllll. .ll:bllI. 1IIoll .llalIll .IlW. .llalIll 1II1l .llalIll = .lllll. .llalIll 1IIoll .lWllI. 1IIoll .ll:bllI. .IlW. .llalIll

l ' ao 415 2025 U3 ... 9 as 521 25SO l'ao US 2028 Il3 487 ,
" 521 2551

1985 515 2512 156 on 12 55 663 3237 1985 SOl 2447 157 672 12 55 6SO 3174
1990 '97 3"1 292 1254 100 758 1057 5413 1990 755 4170 272 U 69 25 114 1022 5453
1995 ao. 3975 292 1252 105 782 U.S ..09 1995 1084 .... 247 1060 27' 2284 1560 10235
2000 887 082 227 973 Ul 808 U89 Uti3 2000 1081 687. 172 737 281 2306 1489 9917
2005 1076 5305 223 955 U8 ... 1375 7100 2005 U81 7361 156 668 287 233. 1576 10363
2010 1330 6545 20 1041 128 881 I.SO 8467 2010 1382 830 169 726 29' 2367 1791 11436

8 .14 8 .15



1);bl eB D . Peak Demand and AmLllll ~rgy. nbl e B 36. Peak 0BMnd ~ Amual fnergy .
I.rdJstr ialization sceeaefe, Plan IS No Capital Recovery. Plan 1A

Anchor~ Fairbanks- Glennall~ Total -- Fairbanks- Glennall~ TotAl
Crok Inl e t TaooN va l l e,,: VaJdez Bai l be' t Cmt Inl rt TaooDll VAlley ""] tel B,::; ' lbe't.... sales .... sales .... sal.. .... sales .... sal.. .... sales .... sales .... sal..

:l= .wll. .lWll. Jl1ll = 1ItIl -= 1ItIl -= :l= .ltIl1 .lWlll. Jl1ll .lWlll. .lItll. = Jl1ll .lWlll.

1980 US 2026 113 487 ,
3' 52l 2551 "80 415 2026 113 487 , 3' 52l 2551

1985 501 2446 157 671 12 55 650 3172 1985 511 2495 160 687 10 47 662 3229
1590 756 4175 273 1171 25 114 1023 5459 1990 6'3 3385 307 1317 21 93 '" 4795
1995 1083 6882 247 1061 276 2284 1559 10227 1995 897 4433 33' lU9 25 110 1223 5993
2000 1065 6797 167 117 281 2306 1469 ' 620 2000 U85 5836 312 1339 29 130 "'" 7305
2005 1200 7457 159 682 281 2334 "" 10472 2005 151' 7466 322 1380 34 151 181' 8991
2010 1503 8934 192 823 294 2361 1931 12124 2010 1971 9615 361 1550 3' 115 2302 11401

tableR 34. Peak Dremand and Arn.la.l fner9Y. Tabl e 6.37 . Peak Deiland and Amual En!rgy .
~rhigh Ecxlncmic scenario. Plan lA No Capital Recovery . Plan lB

Ancho"'''- Fai rballks- Glennallen- Total -- Fairbanks- Glennal len- TotAl
Cools Inl e t TJOON ""l]e,,: Y"Uiez &jJbeJt Cook Tnl et TJoaM va ll Ci "'Un r,:jJbpJt.... sal.. .... sales .... sal.. .... sales .... sal.. .... sal..

_.
sales .... sales

:leo< .ltIl1 = mn. .lWlll. 1ItIl .lWlll. 1ItIl .lWhl :leo< .ltIl1 .lWlll. 1ItIl = 1ItIl .lWlll. 1ItIl .lWhl

1980 US 2025 113 4.. ,
3' 521 2550 1980 415 2026 ill 487 , 3' 52l 2551

1985 516 251. 151 612 12 55 665 3245 1985 511 2495 160 6" 10 41 662 3230
1990 814 44" 290 1244 101 763 1170 6461 1990 699 3412 311 1334 21 ' 3 1001 483'
1995 1163 1275 273 1172 352 2936 1136 ill'" 1995 ' n 4793 366 1511 25 UO 1322 6475
2000 U91 1413 203 873 358 2963 1701 11249 2000 1464 7197 3'3 16.. 29 130 1830 9012
2005 1354 8205 1,. 840 364 29'4 185. 12039 2005 192. 9463 U6 1187 34 151 230. 11400
2010 1624 9527 223 956 313 3034 2156 13516 2010 253. 12442 m 204' 3' 115 2965 14665

nble 8 ] 5 . Peak Osland and Amua.l ~rgy .

Sl:¥rhigh Ea:!rrxDic sceeeetc, Plan 18
PMk D!!rMnd and Amua.l D1er9Y'nbl e R ]8.

Anchor~ Fairbanks- Glennallen- Total Lat Fuel Prices . Plan 1A
Coot Inl e t TJMM Ynl'ey ya,ldez RnjJ hpJ t.... sal.. .... sal..

_.
sal.. ..... sal.. Ancho,_ Faitblinks- Glennallen- TotAl

:leo< .ltIl1 .lWlll. 1ltil. = mn. = 1ItIl .lWhl em; I nJrt 'OWN \1!] l ev ""JOel Rai ]""'Jt.... sal.. .... sal.. .... sal..
_.

Sal..
1980 US 2025 ill 4" ,

3' 521 2550 XII.I:. mil llJlbl. 1ItIl .lWlll. 1ltil. = .lIIll. =1985 516 251' 151 612 12 55 665 32451990 820 4489 292 1251 101 163 U17 6503 1980 415 2026 133 487 , 3' 521 2551
1995 1171 7314 zn 1187 352 2936 1747 11437 1985 4" 2430 156 661 10 47 644 31U
2000 1166 1291 196 841 358 2963 1670 11095 1990 634 1093 218 1191 21 ' I 904 4315
2005 1356 8214 195 831 364 2994 185' 1'95 158 3153 28' 12«> 24 107 1040 5100
2010 1739

12046
901 27 122 991 490210089 245 1052 373 3034 2289 14174 2000 784 387' 210

2005 84. 4192 185 193 31 13' 1033 5124
8. 16 2010 '81 4842 183 186 35 151 1164 5185

8 .17
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_.
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:leo< .ltIl1 = mn. .lWlll. 1ItIl .lWlll. 1ItIl .lWhl :leo< .ltIl1 .lWlll. 1ItIl = 1ItIl .lWlll. 1ItIl .lWhl
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1985 516 251. 151 612 12 55 665 3245 1985 511 2495 160 6" 10 41 662 3230
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Ta ble B 39. hat; Demand and Amual Erl!rllf.
Tlltl e 8 42. Peak Dl!J:land am ArnJa.l £n!rllf.

Lew fUel Pri ces, Plan IB Lot "-l Prices, Plan 3

Mchon .,.... Fairbanks- GlennallEn- Total - ..... Fairbanks- Glennllllen- 'l'ot4l
Cmt Inlrt Ta m N VAl ley YJ 16er En1'be't

Cmk Inlrt TareN VAlley '{alder Bfi,lbe't

""'. 5ales Peak sales ""'. 5ales ""'. 5ales ""'. sej.ee ""'. seree ""'. 5ales
:tl>u .ll:l:lI. = .JItil ""'. safes :.:w: .ll:l:lI. = .JItil .llllhl. .ll:l:lI. Jl!illl .JItil =.llllhl. .ll:l:lI. Jl!illl .ll:l:lI. =iseo 415 2026 113 '87 • 3. 19'" US 2026 113 487 • 3. 521 2551
' .85 503 2457 155

521 2551 ,.85 498 2431 156 668 10 " 645 314666. 10 " 649"90 686 3346 Z73 1172
3168 1990 63' 3093 218 1191 21 ., 90S 4315

, .95 20 90 951 ....786 3889 290 1243 2. 107 1067 1995 754 3733 287 1212 2. 107 103' 5072
2000 777 3846 210 900 21 121

5218 2000 75. 3757 204 87' 21 122 961 "53
2005 .85 '870830 4105 184 789 32 142 1015 2005 792 3917 171 733 31 13. 965 "89
2010 968 "'" 190 5037 2010 955 m3 178 762 35 157 1133 5632815 37 166 1160 5761

"'ble 840. Peak DemMd and AmuaJ. ~rqy .
",We 843. Peak Demand and Amual £n!rgy.

Lot FUel Prices, Plan 2A Lot fWl Prices, Plan 4

Anchor..... Falrbvlks- Glennallen- ToU.l -..... i'ai rbanks- Glennallen- Total
Cook Inlet noma Yal 1ey YaltEr Ri"1lbelt root Inlet 7'1;mM valley \1nlder Ba"te't

""'. 5ales ""'. 5ales ""'. Soles ""'. 5ales .... 5ales ""'. 5ales ""'. seree
I=: .ll:l:lI. .lWIll .ll:l:lI. = ""'. Soles I=: .JItil .lWIll .ll:l:lI. .llllhl. .ll:l:lI. .lWIll .JItil =.JItil .lWIll .ll:l:lI. =19'" 415 2026 113 .87 • 19'" 415 2026 113 487 • 3. 521 2551
,.85 .38 207. 3. 521 2551 ,.85 2430 156 667 10 " 644 3144144 606 10 498
,.90 545 .6 574 21312584 26' 1153 20 90 810 1990 63. 3093 218 1191 21 si 90. 4375
,.95 702 3430 284 1217

3827 1995 765 3785 291 1250 2. 107 1048 5141
2. 1062000 707 3.50 201 860

.eo "53 2000 "'5 3.83 216 928 27 122 1018 5033
21 122 9082005 752 3666 174 4433 2005 870 .300 190 815 31 139 1059 5254

744 31 13.2010 863 4201 172 736
928 4549 2010 .90 .886 186 7.8 35 157 1176 5841

35 157 1038 509.

'!)ble B 11 . Peak. DBlllInd and Amual Erl!rgy.
Tlble 8 44 . Peak Demand and Amual Erl!rgy.

Lot nJel Prices, Plan 2B
81gb FUel Prices, Plan lA

Anchor ...... F&1 rbllnka- Glennallen- Anchor ..... Fairbllnks- Glennallen- Total

c"tIs In'et TAOOM VAlley Total Cmt Inlet TltMM VO'lpy ValQez Bo"be't
Valdez &1''''''' t""'. 5ales ""'. 5ales ""'. 5ales ""'. 5ales ""'. 5ales ""'. sefee ""'. sales

I=: .JItil = .ll:l:lI. .lWIll ""'. Soles -.: .JItil .llllhl. .JItil .llllhl. .JItil .lWIll .JItil Jl!illl
.!WI. = .JItil .llllhl.

19'" 415 2026 113 487 19'" US 2026 113 487 • 39 521 2551

"85 ' 43 2104 • 3. 521 2551 "85 498 2432 156 668 10 " 645 3147
143 ...

"90 5.8 283. 10 '6 57. 2153 11.5 21 .. 913 '417268 11'6 ,.90 641 3121 219
1995 20 90 860 ....757 3698 2. 5 1266 2. 106 1995 793 3922 289 121. 26 11' 1075 5215
2000 73. 3582 209 1045 5070 2000 848 41., 209 ... 31 138 1056 5225

898 21 1212005 76. 3749 181 ' 42 4603 2005 .42 '653 183 786 36 16' 1128 5602
777 32 1422010 867 4217 181 TIS '54 4668 2010 1126 554. 182 783 43 196 1312 6521

37 166 1053 5158
8 .18 8.19



=<.~. Pea k Oenand and Amual EneCqj. n t] e B 48 . Peak DB:land and Amual E:r'@Cqj .
High fuel Prices, Plan 18 Hiqh f'ue'l Prices. Plan )

I\ochora~ Fai rtenks- Gl mnall en- Total Ancho[a~ Fa! rbanks- GlenJ'\llllen- Total
Coo k Inl et -IAciula Vall ey VOl Pe z &nlJbelt Cook In] rt "aNN VAlley yalDez &"bf: Jt

Pea k sales Pea k sales Peak sal.. Peak Sales Peak sales Pea k Sal es Pea k sal.. Pea k ! al est= 1lOll Jllihl lItil JWlll. .ll1ll JWlll. lItil .illihl :u= .wn .lWlll. .lltil .lWlll. 1Wl = jJ:Iil. =
'"'' <IS 2026 IlJ 4S7 • 3. 521 "'" 4lS 2026 113 487 • 3. sn 25512551i,9 ffJ SO. 2459 155 "5 10 . 7 ,.. "85 ... 2432 156 ..S 10 . 7 645 3147",. 603 33Bl 274 3171 .. on ' 4171175 21 03 OS, 4652 1000 '" 3120 278 1194 211995 81. 4027 287 1233 26 11. 109. 1995 un 389. m 1211 26 11. 1068 5:40
2000 BlO 4103 205 881 31

5374

'" 85. II B8 1007 ""2005 B8 1035 5122 2000 807 3'"078 '82 ' 192 82' 37 168 1173 5820 2005 8" 4256 ,.. 712 16 ". 1032 51ll2010 1330 6547 " 8 07. 196 1204 5991" 208 1558 7734 2010 1031 S084 ,.. 712 43

Taole 8.46 . Peak Demand and Amual !nrqy. Table B.U . Pl!l!I.k D8:land and Amual D'erqj.
High fUel Pri ces, Pl an 2A High Fuel Prices. Plan ..

Archor aqe- Fairbanks- Glermall en- Total Ancho[~ FairbMks- Glennallen- Total
Coo k Inl e t Tztm M Val Jex IJAl dp z P/!j 1be] t Crok Inlet TnOOM VAlley~ Eri'T' ·

Peak sales Peak 5ales Pea k sales ...k Peak sales Peak sales ",k sal.. Peak Sol ..Sales= Jilll JWlll. 1Wl. JWlll. lItil JWlll. .ll1ll %eAt .lWl JWlll. lItil .lWlll. .lltil JWlll. jJ:Iil. =="'" <IS 2026 113 .87 • " "'" "5 2026 133 • 87 s " sn 2551
" 85 sai 2S51438 2081 14. ' 07 10 "85 ..8 2432 156 ..8 10 41 645 3147•• 575 2734",. 552 2618 270 1303 21 " 912 '41 21158 21 03 8" 1000 .40 312S 2781995 73. 3593 284 366. 26 114 1067 5Z37121. 26 11. 1015 ' ' '5 787 3893 287 12302000 759 3702 ' 92' 31 B8 1028 5086" 8 847 II B 8 958 2000 82. 4077 203 on
2005 82' 40" 4687

16 164 107' 53"
2010

170 128 16 16. 1002 .;916 2005 8.8 4.&36 17. 7'797. 4761 "8 721 " 195 2010 107' 5303 173 743 43 196 1254 62"1156 5677

Tabl e B 41 .
~k DeMnd and Amua1 Er'e[ qj .
Bigh f'Upl Prices, PI.. 29

An::'ho[a<}e- FaJ. rba,r!ks- Glennall en- Totalfmk In'et ...IaJJiu'.a Vall", Yn'6ez Bai1be't"'k sal.. Peak sales Peak sales Pea k salesreo< .tOO jgjhl lItil jgjhl lItil jgjhl lItil -=19'" us 2026 113 ..,
1985 ... 2106 s 19 S2l 2S51",. 143 60. 10 " 579 2756602 2850 268 1146 21 92 66. .;08 819O5 781 1815 2922000 80. 1252 2S 11. 1067 5100"'8 213 911 II2005 93. "53 197 B8 1022 4997
2010 1227 84' 37 " 8 1136 556. B. 215053 221 95' 46 207 1452 7116
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APPENDIX C

LEVEll ZED COST OF POWER

In th is report t he teve tteed cost !:If power Is used to compare t he costs of
power from the various electr ic energy plans . The level1zed cost of power i s
comput ed by estimating a s i ngle l evel annual payment, whi ch wou ld be equiva lent

to the present worth . gtven assumptions about the t1me value of money . The
procedure used to tevettee the cost of power is explained in ttd s append h .

The relationsh ip between the annual cost of power and the level 1zed cost of
power over it cer t a i n time Mol1zan ts shOJ«! i n Figure C.l.

The total capi t a l cos t s for it particular power plan (a ssuming no
generating factlity or add itions or retirements for th1s example ) are f txed by
t he i nitt al ftnanc tnq and are typ ically constant over the l1fe of the

facil it}" . Oper!tton and maintenance and fuel cos ts typicall y increase over

time as affected by inflati on and as real fuel pr ice increases. As a res ult .

the annual cost of pOMer progressively fncreases over t ime .

TIME IY(ARSI

FIGURE C.l. Annual Cos t of Power and Tot al t evel tzea Cost

c. i



Figure C.2 illustrates the use of the leveltzed cost of power to select
the alter nat ive with the lower power cost. Alternative A represents a plan
wtth lower inttt al annual costs of power but with high annual costs of power in

later ,Years . Alternattve B represent s a nan with higher tn tttal costs of
power but wtth lower costs of power in later )ears . Without the use of a
present worth analysts. the selection of the lower cost plan lIlOuld be unclear.
Inittally. Plan A looks lIlOre attractive . whereas alternative B looks more
attraetive tn later years . Using leveltzed costs . however, Plan B ts clearly
the 10lifer cost plan over the t i. horizon.

As t ndicat ed t n the report, the ttlM! horizon for th1s st udy extends ftal
1980 to 2010. However. because the eeoeeetc ltfettlle of the Upper Susitna

project (assUllled to be 50 years) w111 extend beyond 2010. a longer t1me per10d
was also used in the evaluat10n to cempare the costs of power. The longer ttme
per10d runs fnJI 1980 to 2050 and roughly corresponds to the econM1c Hfe of
the Upper Sus1tna project .

The -ethodology used to te-pUte the leveltzed cost of power over the 1980­
Z050 t1me per10d 15 represented graphtcally 1n Figure C.3. In F1gure C.3
typical annual costs of pcwer computed using the AREEP model are presented for
the 1980-2010 ttMe per1od. The case represented by the dashed ltne has

s11ghtly higher power costs over the 1993-2000 t 1lle per10d but 10lller costs over
t he 2002-2010 t ille per1od. This case 'c'Jl"responds to the cases incl uding the
Upper Susi t na project . The case represented by the so11d 11ne corresponds to

cases not tnc1ud1ng the Upper Sus ~tna project such as Plans 1A or 3.

To COlllpute the leve ltzed cost of power over the extended 1980-2050 t1me
per1od. the annual costs of ptJWer fro- ZOIO to 2050 were asslDed to be the sllllle
as in 2010 and constant over the ttlle per1od.

Th1s _et hod does not account for replace-ent costs of the...a1 generation
changes 1n electrical demand or poss tble escalatton in fuel costs over the 2010­

2050 time period. While tt lIlOuld be des1rable to include these factors 1n the
analysts, It ..uld requ1re detal1ed analyses over the enttre 1980-2050 t 1me

hor1zon. The decis10n to cc.pute and include the leveltzed costs over the 1980­
2050 t111e per iod was not _&de ~tt1 lat e 1n the project when it becaate c lear

that there was not going to be any clear price difference i!lIlIOfIg the various
plans over the 1980-2010 t trne hor1zon.

C.2

(a)

"INIAl COST
PlAN.

T1 ME MARS I

FtGlRE C.2. Use of Leveltzed Cost to Select Lowest
Ufe Cycle-Cost Plan(a)

A l1cat1 0n 1n t e e or speci f ic calculati onal
genera scuss on 0 eve z cost . 1 1 U -s
jt,roce<lures. see Volume XI . Over/Under (AREEP 'Ver s10n e ser

.-!!!!!l. C. 3



APPENDIX D

DOAILED DESCRIPTI ON OF RAI LBELT ELECTRIC EtIERGY PLANS
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APPENDIX D

DETAILED DESCRIPTION OF RAILBELT ELECTRIC ENERGY PLANS

Appendi. 0 contains a more detailed description of the electric energy
plans . In addftion to a brief summary of the major features of each plan and
Its potential fmpacts. the generation system reliabiltty. and the environmenta l
and socioeconomfc considerations are discussed in detail.

0.1 PLAN lA: · PRESENT PRACTfCES· WITHOUT UPPER SUSITNA

Plan 1A and 1B are both based on a transition from e.isting generat ing
te chnologies to alternative conventional generating technologies.

The following are the primary generating alternatives included in Pl dn lA :

• combustion turb ines (gas or dist illate)
• combi ned-cycle (gas or distillate)
• hydroelectr ic (other than Upper Susi tna)
• conventi onal cost steam-electric

Hydroelectric plants include the following:

• t he Bradley lake hydroelectrIc project. which comes on- li ne in 1988
• the Chakachamna hydroelectric project. which comes on-l ine in 2002
• the Grant Lake project. which comes on-lIne in 1995
• the All ison hydroelectric project. whi ch come on-l ine in 1992

Ot her generating capacity includes the followlng:

Anchorage - Cook Inlet

• Coal steam turbines and gas comb ined·cycles are inst al led as necessarJ t o
supplement the hydroelectric projects.

Fairbanks - Tanana Valley

• Oi l combustion-turbine units are used for peaking until ret irement .
• Gas combined-cycles are added to provide peak ing generati on when exist ing

oi l combustion units are retired .
• Coal steam~lectric capaci ty I~ added for baseload.

D. I
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D.l.1 Capaci t y and Generation for Pl an lA

In Plan lA 400 "'" of gas combined-cyele . 400 PtrI of coal stei1lll t urbine,
and 430 ~ of hydroel ectr i c capac tty are added duri ng the 1981 t o 2010 time

span. Table 0.1 shows the eX1sti ng capacity i n 1980 and the capaci ty additions
(posi t ive nurrbersl and retirements (negative nurrbers). Table D.2 shows the

amount of electric i ty generated by each of the generat ing alternatives duri ng
t he 1981 t o 2010 time per tod .

As shown . durtng the J981 t o 1991 t ime per tod. etectr-tcat genera tton In
Anchorage is largely supplied by gas Combustion. tu r bi ne and combtned.cycle

wi th some hydroelec trtc genel"atton . During t he late r 20 years , generatton i n

the AnChorage area is lal"ge ly hydroel ectr ic with some gas-combined cycle and
coal stealll turbine generation.

In Fairbanks. coal steam t urbine capaci ty Is used f or generation

throughout the time hor izon. 0" combust t on tu r bine capacity is used dUl"ing
the f fl"st 10 years while some gas combined cyc le capacity is used during the
latter per iod.

0. 1.2 Generation Syst em Reliabiltty

The loss.of - load probabtl ity (lOlP) is an i ndicat i on of the reltab l ltty of
an electrical generat ion systell!. The l 'L P t ndi cat es the probability that an

e lectrtcal generatt ng system wi l l not be able to meet the e lec trical demand.

The l OlP is expressed as t he number of t tmes a generatton system will not be

able to meet demand over a spec ified ttme period . For ex...." e . a lOlP of one
day i n 10 years t ndtcat es that the system would not meet load one t ime i n 10

years . A l OlP of one day tn 10 years is a re l at ivel y corrmon design goal i n the
U.S.

An indirect method of measuring system rel iability i s the reserve margtn .
The reserve margi n IndIcat es the amount of genera t ing capaci ty an electrica l

generati ng syst em has in excess of the annual peak demand. Ext r a capaci ty 15

required to allow the system to eee t the peak demand in t !'le event of scheduled
or unscheduled outages of cer t a in generating units. A system with a peak

demand of 1000 "" and a t ot al generat ing capacity of 1200 /III wou ld have a

re ser ve margin of 201. In general . a higher re sel"ve margin indi cates a greater
amount of system reliability.

0.2 D.J



0.l.3 Environmental Considerations of Plan lA

The hallmark of Plan lA is the increased use of fossil fuels (coal and

gas) to produce electricity. The main environmental impacts are therefore

associated with the combustion gases, waste products and cooling wate~ requ ired

to operate the plants. In addition. the potential impacts of the 90-HW Bradley

lake and 33O-KI Chakachamna hydroelectric facl1ities must be considered.

The AREEP model adds capacity such that the reserve margin never drops
below a selected value . The model then computes the resulting LCILP . Several

model runs were made to insure that when analyses are done with AREEP. the

reserve margin -ould yield a LOlP of about one day in 10 years. Different
electric energy plans and electrical demands slightly change the reserve margin
required to matntain a lOlP of about one day 1n 10 years. tn most cases a
plilnntng reserve margin of between 341: to 32% yielded a LOLP of about one day

in 10 years during most of the time bor-tzon, As shown by the typical results

presented 1n Figure 0.1. there is little effect on the cost of power of
alternative reserve margins within this range (EPRI 1978). For the results

presented in this report, a plannin9 reserve margin of 30% was used in all

cases .

This section discusses some of the general environmental concerns of

Plan lAo Specific impacts of this plan are discussed.

Air Pollutants

Several kinds of air pollutants are normally emitted by fuel-burning power

plants . These fnclude particulate matter, sulfur dioxide (S02)' nitrogen

oxides. carbon monOXide, unburned hydrocarbons . water vapor. nofse, and odors.

Particulate matter consists of finely divided sol1d materfal tn the air .

Fuel combustion power plants produce particulate matter in the form of unburned

carbon and noncombustible minerals . Particulate matter is emitted in large

Quantities if high-effic1ency control equipment is not used . Particulates are

removed from flue gas by electrostatic precipitators or fabric filters

(baghouses). These precipitators or filters are routinely required. however,

and collection efficiencies can be very high (in excess of 991:) .
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FIGU RE J . l . ~1p i c a l Cost s for Al ter~at i ye Reser ve
~r; t n s ( EPRJ 1978 . D. 6-11)
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Nitrogen oxtdes (M02 <! nd NO. pri mar t1y) are gaseous air poll ut ant s thet

f oron as a re sult of h1gh -te,~erature cOn'lbust ion or oxidation of fuel -bound

ni trogen. Ni t rogen oxides damage plants and pl ay an important r ol e in
photoc hemical smog . Fuel combust ion pl ant s and automobil es are s1gn1f tco."l t

cont r i but ors to theSe emissi ons .

Pollution control technology for nitrogen olt1des has developed more s lowly

than for most other air pollutants . t ack of a.e.tca l reac ti vity bet ween ffOx
and convent i onal scrubbing compounds is the mai n diff icu lty . Thus . cur r ent

control strateg ies foculIi; on contro l of NO
It

product ion . Pr inc ipa l strat eg ies

i nc l ude contro l of combustion t~eratiJres (l ower combusti on temperatures

retard fomat ion of MOx) and cont ro l of combust ion air supplies to minimize

in troduct i on of excesS a ir (contai ni ng 7aS nitr01en l .

Carbon monoxide (CO) emissions result fl"Olll incomplete combustion of carbon­

containi ng compounds . Generally . high CO emissions result fl"'Olll poor combustion

condi t i ons and can be redu ced by us ing appropr iate f iring t echn iques. However .

CO emtss ions can never be eliminated Coq)l et e ly . even if the llI05 t nxIern

combu st i oo techn iques and c lean fue ls "re used . CO elIltssons are regu lated

under the Cl ean Air Act because of the ir toxic effect 0'1 humans and ani mal s .

P1Lllles of condensed water vapor- come from wet coo11ng towers and
combustion cas es , When It is cold, the plumes are p!rt1cular ly l ong because

tl'le ambient a ir can hold li ttle added "",ist ure. FO!"'lllat ion of these e teees ;s

par ti cularly hazardous dur ing - fogging- condit ions when a high wi nd speed

causes t l'le pl ume to t r avel along the ground . During freeZi ng condit ions . such

pl umes may l ead to Ice formation on nearby roads and structures. Ory cool in g

t owers can be used to reduce foggi ng and 1c ing.

The S~ and HO
x

emiss ions f rom lIlaj or fue l.burn ing fac i lit ies have been

related to the occurrence of ac id ra infa l l downwi nd of major i ndust r i al areas.

Congress llay SOO'l enact l aws to restr ict t hese eIIli ss i ons because of t he ef fects
of ac id rain . The theoret i ca l f ramewor k fo r expla ining ac id ra in fonnat ion .

0. 7

Sulfur dioxide is a gaseous air pollutant that is enlitted durtng

combustion of fuels that conta in sul fur . Sulfur diOltide. like lu rt icu late

lIatter . has been iden tified as being hal"'lllful to hUlun health . and i t appears t o

be par t i cul ar ly ser ious when colllb ined wi th high concentrat ions of part1cul .ste
matter .
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the acidification of lakes. t he effects on so t t s , vegetat ion . wtldl ife and

structures. and the t r ac ing of problems to spec if ic sour ce emiss ions i s not yet

ful ly understood . Much re~earCh Is in progress, and recent re sea r ch i ndi ca t es

tha t some remote are as of the west er n Un tted States have been affected by acid

ra in.

Emiss i ons f r om Power Pl ants

Combus tion Turbi nes. One of the pr imar y siting constr a ints of t he

combust ion t urb ine technology is envirtnllental . The exhaust f ron cOlltlu st i on

tu rb ines t,yptca lly cont a ins oxides of sulfur (SOx ) as we ll as NOx• These

const i t uent s compr is e the ma in po l lutants of greatest re gulatory concern. CO ,
unburned hydrocarb ons. and parti cul at e matter can al so be present. The

quantity of each particul ar cont aminant emitted is a funct ion of t he si ze of

t he ",achlne. the manufacture". the t,ype of f uel burned. and t he ext ent to \lllh tch

emiss ion cont ro l techn iques are used. The suitabi lity of a part i cular site
wi ll depend upon the degree to .n ich t hese cont illll inants can be cont r o ll ed .

Combi ned Cycle . Like the simple.cycle combustion t urb1ne plant . a

cornbi ned ~cycl e plan t has s iting const rai nts "elated to air emissions . In

addit ion . the Comb ined~C)'cl e pl ant !\as fur t her constra i nts imposed by ttte st eam

cycle . \lllh iCh requtres wa ter f or condenser cooli ng and bot le" make- up. Howeve".
because the combust ion t urb ine port i on of t ne tota l combined-cyc le pl ant

(approximate ly t lllll) thirds) re quires essentia lly no coo11ng lIIjater. lIIjater

requ irelllE!l'lts are lllUCh less than a silll il ar Sfled . convent ional steee-etece- te
plant . Air-qua l ity impact s are s llllila.- to those assoc ia ted wi t h c~stion

t ur bines .

Coal -Fi red Power Pla nts . Coa l . f i re d power plan t s generate l ar ge

quant i t i es of so l1d wast~ der ived f l"Ol'll both the combus tion proces s (f ly ash and

tlottom aSh) and from atmospher ic Miss ions (f l ue -gas desulfurt za t ion wastes ) .

These eestes requ ire 1II0re extensive environment al monitori ng and wast e

characteriZat ion stud ies . and gener all y more sophi sti cated treatment

teChnologies th an ot her st eam-cycl e t echnolog ies . Wat er re source impac t s

n sociated wi t h these sol id was t es are gener a lly lIIi ti gated through approp d at e

o lant s i t l r.; and a lIIjater. wastewater. and solid waste llIanagement prog ra..

D.8

The cOlllbustion of l arge ilIIIOunt s of coal lead s to a potentia lly si gni f icant
deter iorat ion of the surrounding ai r quality. The major pollutants include

par t i culate matter . S0lt and HOx• Federa l N@IIIj Source Per f onnance Standards
govern the se etIliss t ons.

Other si gnift cant eff ects f!"Oll CMl-f tred steam plants are assoc ia t ed wi t h

water supply and wastewater di scharge requirements . Water withdrawal may
result i n illlP tngement and entra iment of aquatic organisms . Chemical and

t hennal d i ~ charges . ay produce acute or chron ic effects to or ganiSlllS l hi ng 1n

the disch arge pllllllf! area . Thel"ll'lal disch arges can also cause lethal the""al

shock for seee organ i SlllS in Ute Ral1be lt reg ion.

Many potentially suitable development area s for coal-fired pla nts border

import ant aquatic resource areas (salmon i n st reams l ike t he Copper and Susitna

Rivers and ot her ...i ne fish and shell f fsh in Cook Inlet ); pl ant s located i n

these area s .auld have to be desi gned to lIi t i gate effec t s on these resourc es.
The greatest 111lpact on the terrestrial bi ota is the loss or alter at i on of

habitat due to the large amounts of l and requ ired f or bot h construction and
operat i on. These land requi rements are genera lly gre ater t han those fo r other

t ypes of foss il -fueled power plant s .

OtMor ill\Pacts to the te r res t rial ecol ogy cocle result from gaseous and

part iculate air emissions. f uel or wa ste st orage di scharg es, hlJl!lan di sturbance,

and t he power plant facil ities tteese tves • Biologica l impacts are best

mit ig at ed by si ti ng plan ts away fron i"" ort ant wildli f e areas and by

impl ement i ng approp ri ate poll ut ion control procedure s . Although certa in

implC ts can be contro lled. l and l osses are i r replaceable .

Ai r-Quality Regulat ions

In 1970 t he f ederal Clean Air Act establ ished the nat ional st r atE!CJY i n

ai r pollutton cont ro l . The Ac t establt sheod New Source Perf onnance St andards

(NsPS) fJr new st ationary sources . Includi ng f uel c~ustton f aci l i ti es.

Levels of acceptable amb ient ai r quall t y (National Ambient Air Qual1ty

St andard s) were al so establtshed. and the regUla t ions were promulgated to

Nhltain these standards or to reduce pollution levels where the standards were

exceeded .
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New source cerroreance st andards ( NSPS) have been pr'OlllU1gat ed for eeat,

f i red st eae -etec n-t c power plan t s and for combustton t urbi nes . In olddition,

any ccebust ton fa c i lity designed to burn coal or coal mh tures is s Ub.tee t to
the coa l- f i red power pl ant standards .

Maj or changes were made t o the Clean Air Act in 1977 when the Prevent ion

of Signi f i cant Deter i orat ion (PSn) program was added by Congre ss . The PSO

progr am has estab lished li mits of acce ptable det er torat ion t n el(t sttng arrbient

a ir Quality, Sl7 ' and tota l suspend par t iculates (TSP) th roughout t he United

St at es . Pr isttne area s of nationa l signif icance , ca l l ed Class I are as, were

set as i de with very sma ll i ncrements In allowable dete!"'to rat lon . The remainder

of t he count!"'y Wd S allowed a greate!'" leve l of detel"'1orat ion.

The PSD program, currently admin istered by t he U. S. Envi ronmental
Pro t ect ion Agency (EPA) , applies to S02 and suspended par t ic ul ates. 1'1 the

near fut ure. PSD cont ro l ever other majo r poll utants, includ ing N0l(' 00.
oKi dant s , and hydrocarbons may be promu lgated . Obtaintng a PSO permit

rep resents one of t he l ar gest si nql e obstacl es to constructing a majo r fue l .
burning f acil ity.

Wat er Quali ty Effects

Hydroelectr ic Fac i l it ies. A hydroe lectr ic faci l ity can have sever a l

hydroel ec tr ic imp act s because of i t s physical conf i guratt on and oper ation. The

most obvious 111lPac t h the cre atton of an tmpoundment . The change fl"Olll a

fl ow1 ng. wat er to a st i ll.water !Ilviroment is a fu ndament al mod if icat ion of the

hydro logi c system. Development of t he rese!"'vo1r also i ncr eases evaporat ion and

groundwate!'" seepage . Both of these phenomena i ncr ease water losses to t he

watershed . In t he low·runoff regi ons Of the Ral1be lt area , t hese loss es , if

substanttal , could i ncur s ign tficant imp act s by reduc ing down st rec1lll f low,

especia lly duri ng t tl! s l&'llller mon t hs .

Impor t ant hydro log ic impacts are also assoc iated with operat ing a

hydroe lectr ic plant . Large dally fluct uat ions in r iver fl ow can res ul t when

hydropower 15 used for peaki ng power or when i t c l ose ly follows load. If the

f l uct uat ions are t oo l ar ge and rapi d, adverse imp act s to aquat ic biota can

OCCu r, and fOl'" t he more access ib le ~al l r iver pro jects . they car be haza!"'dous

to downs t ream rec reat ion is t s . On a seasonal t ime sc al e . t he rese-vc tr level

0. 10

can VI!"'y grntly, again having the pot enttal for adverse impacts to aquat ic
bio t a and f or making t he reser voi r unat t r act ive for recre at i on (espec i ally when

the re serv oi r is low). The re ser voi r can be oper at ed to have pos i t ive impacts

by at t enuat i ng flood fl ows and thereby hel ping to prevent f lOOd damage to

prope rty downstream. By augmenttng l ow r her f lows, the reservoir can illlll"Ove

water qualtty and aquat ic habitat . Because lIIany ri vers in the Railbelt reg ion

exh ib it wide natural flow variat ions , attenuat i or. can be a signif icant posi t ive
impact.

R:esel"yo1r operat i on pr imaril y impacts f our par amet er s i n t eres of wat er

qualt t y: t empel"ature, dissolved ol(ygen (00), t ot al dissolved gases, and

suspended sediment . Adverse impact s frtlll telllPerature and 00 can occur dur ing

the su.er Mnths when the reservoir is strat ifted . The l ar ge water surface

area of t he reservoi r allows t he I4lper layer of water to be heated to

t emp er at ures hi gher than t hose experi enced in t he nat ura l free-fl owing r-tver •

If all water rel eased fl"'Olfl the n!se !"'vol r is f rom the uPper l ayer of water .

elevated river-water temperatures downstream can result. caus ing adverse

impact s on aquat ic biota (especially cold lIlater f ish ). If all water re tee see

fron the reservo ir is fl"'Olll the lower l ayer (·f water, t he 00 in the r iver wil l

be dePn!ss ed until it can be re pl enishe d by natura 1 rea er at 1on. Int ake

st r uct ures can be designed to t ake wat er from different levels i n the reservoir

to help avoi d SOllIe of thes e illlPact s.

If the wat er released fl"'Olll t he n!servoir goes over the spil lway, gas

SuPersaturation sClllet11nes occurs . Because of the tu rbu lent nature of the water

as i t f alls over the sp i llwa y, atmospheric gases (ni t rogen and ol(ygen ) ar e

e.,trained. If the se gases are carried to depth Ie .a . , in a deep pl unge pool ) .

th e gases are read ily d isso lved and the wat er becomes suPersat ura ted re l ative

to surlace condit tons . This situatton can resul t i n i nj ury or lDOrta ltty t o

aquat ic Qrgants-s, par tt cula r ly f ish . The effects are IIlOSt pronounced i n
organ tSill'S th at t nhabit sha ll ow area s Of" surface l eve ls . SuPers aturatton can be

mt nimtzed by vartous spil lway designs and operat ing measures .

As water flows tnto a -ese- vot-, i ts velocity is reduced, and it deposits

lIIuch of t ts suspended sed iment. Therefore, IIlhen the water is re leased from t he

re se-votr , i t is relat ively free Of sed iment l oad. A potent ial exists . the n.

for thts water to int t i at e scour downstream to re -estab lish equil ibrtL,III between
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the er os ive energy of t he f l ~ing water and i t s sed1ment loads . Given that

many of the Railbelt ri vers are gl ac ier~fed with ver y high suspended sedi ment

loads , sed iment deposit ion and downstream scouri ng will be i~ortant siting

cons t dera t ions . Scour can also occur near the outlet -o r ks and sp i llw ay of the

hydropower plant if the water 15 discharg ed with a hi'1l vel oc ity. The la tter

scour Probl em can be mit igated by proper engineer ing des i gn.

Hydroe lectr ic proj ects alter t he streamf l ow char act eri sti cs and water

qual i ty of streams. These changes resul t fn cor r espond ing changes i n the

aquati c biota. Although imp ac ts occur on all lev e ls of the food Chain , the

impact s on fi sh are usually of most concern. Potent i al m~1or eff ec t s i n the

Ra i lbelt that will be most diff ic ult to lIIit igat e i nclude the foll owing:

1. loss of spawn i ng area s above and bel ow the dam
2. lo ss of rearing habitat

3. reduced or l ll. i t ed upstream access to mi grattng fi sh

4. i ncr eased mor t ali t ies and altered tillling of downstrea- migrating f iSh.

Const r uct i on act iv it ies can result in e levat ed st ream t urb fdi t y leve l s and

gr ave l loss , and expanded publi c fishi ng 1n the ar ea f rom i ncr eased access.

Ot her pote nti ally si gnfficant impacts could incl ude altered nut r ient eoverent ,

whi ch could affect pr imary production; flow pattern changes, wh i ch can mod i fy

ssec tes compos i t ion; and temperature reg ime alteration. wh ich could affec t t he

t iming of f iSh migr ati on and spawning. and insect and f ish emer gence .

Canpet i t i on and predat ion <l/IIJf'Ig and wi t hi n spec ies may al so be changed.

Mit igat ive procedures are pos s ible for many impact s and are f re quent ly

i ncor porat ed int o the des ig n of the facl1 fty . Fish hatcher ie s are cC)l'llll()n ly

used to re place lo sses in spawning habitat. Screen ing or di version structures

are used to di rec t f ish away fl'1llfl cri tical are as . l)epending on the heigh t of

dam and the avail abi lity of spawning areas upstre!m of the created reservoir.
fi sh ladde."'s are frequently incor porat ed Into t he design. Cont r o l l ed release

of water ( i nc l uding bot h f l ow and temperature re gul ation by dischargi ng from

vari ous depths in tl'le reservo ir ) can be used to improve env ironmenta l

condit ions duri ng spa..., lng. rearing , and migrat ion .

Ste alll ~E1 ectric · P 1ant s . The const r UC ti on and opera tion of steee-etec tr-tc

plant s have t hr ee pot ent ia l ar eas of imp ac t s on aquat ic ecosyst ems: wat er

0.12

qual ity effects from construct i on stormwat er ru nof f. water withdrawal f or power
plant use . and proce ss water dischar ge. The degree of each potent h l impac t
depends on the plant's s tae, location, and oper ating characteristics .

Cons tl"UCtion are a runoff can inc rease turbidi t y and sfltation in rece iving

wate rs adjacent to site construc tion. fo r inland wat ers where st eee-cjct e

facili ties could potent ially be sited. t he lIlai n effect of t his sil ta tion coul d

be tte destruct fon of these product ive aquati c ecosystems . Spawning areas

coul d be e lilllina t ed by inundat ing gra vel wfth fi ne sedi ment part icles that

5lIIOther eggs or 'nhabit fry emergence (espeeh.lly for sa llllOl'lids); benthic

org aniSllS could be 5IIOthe~ and light penetration reduced , the reby inhi biti ng

t l'le growth of aquat ic plants . Sall1lOn , trout. char. grayling. burbot, sheeffsh.

and wh i tefish spec ies . which are COl1lllon i n many of ee maj or r- tve- s of t ile
Ra11belt region , could be affected .

The impact fl"Olll const ruction runoff depends on ee eff i ciency Of er osion

control measures and location of t he site . Potenthl problems in both the

f resh and marine wat ers can be .. i nimi zed or e liminated by implementi ng

appropr ia te site ru noff and ero sion control measures. such as runoff coll ect ion

syst ems, sett ling ponds. and othe r runoff treat ment fa c il it ies .

Wi t hdrawing water in s ign ifi cant amounts f l"'Ol'l inland stl"t!4Ill'S can et t e­
flOiJl patterns and re duce aquatic habitat downstrealll. These effects lIIay be

partia lly offset by t te amount of wat er d1scharged . i f both the int ake and

dis charge are on the same body of water . The loss of habi tat is highly

dependent on the si ze , type, and lo cat i on of t he steam pl ant .

Att ra ct ion of or ganisms to t hermal discharge s may in t erfere wi t h nonma l

Itl ig r ation patterns . A 'part icular concern is t hat lIari ne organ isms are

attracted and beccee accltlllated to a heated discharge fl"'Olll a once - through

coo11ng water systell. wh i ch is t hen t nt erTupt ed or stoPPed; the al lllOs t

i ns t ant aneous te mperature change back to ambient levels can resu l t in t hermal

shock and subsequent morta li t ie s to the se or gani sms. Proper pl ant siti ng and

cooli ng Systfl' lII des i gn could reduce or elllll i nate tl'lermal il'lClact s . With other

fac tors cons t ant . t he pl ant that uses the ItlOst wat er would have the greatest

tlllpact .
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The chelica l cQq)osttton of the i nt ake water 15 altered cl.li'ing i t s passage
through t he st eee plant . Changes tn the COIlPOSit ion genera lly depend on t he

spec tete ste. cycl e and its capac tt y. but chelical additions i ncl ude t he
fo llcw tng :

1. chemi cals , such as chl orine . added to control biolog ical fouling and

depos it of ~aterials on cool ing system component s

2. constituents of the fntake water concentrated during recfrculation
through evaporative cooling systems

3. corrosion products from structural c~onents of the cooltng systenl.

Other potential pollutants from stei!llll cycles include low I'H. high Illetal

concentrati ons . bi ochemica l oKygen de~and. r adionuclides . and I'etroleum

product s. When disCharged In suff icent quant ity. these can cause immed i ate

impacts such as death of organ i SlllS or long-term changes tn t he aquati c

ecosystem. Of particular concern would be the effects on the cOlllllerc i al and

recreationally important fish and shellfish spec tes that res ide fn both the
fresh and marine systems of the Railbelt region.

Some effluents . ltke l'Ieavy metal s and radfonucl1des. could hive negat ive

effects far from the site of their initial discharge. whereas others l ike low

I'H and biological oKygen demand (BOD) will have the most impac t c lose to the

disch arge . Sane of these effluents would have l ess impact on marine systems

t han on fresh water systems . Total dissolved sol ids (TOS) can be espec ia l ly

high in geothermal I'lants. High TDS would have l ittle e ff ect on the mari ne

environment because TOS 15 already IllUCh higher i n seawat er than i n fresh

water . Low pH discharges would be more eas 11y neutra ltzed in t he . ari ne

systell's . Most ot her discharges could have negathe effects on both fresh water

and ~arlne systems. but the mar i ne environment 's much larger area for dilution
more eas ily reduces fml'ac t s .

Ecol09i cal Effects

Steam-electric and hydroelectric energy erc.tects require large amounts of

land. The amount of land requ tred varies wi th the energy-producinq capaci ty of
a pl ant . Because hydroelectr ic plant requ irements generally exceed t hose of

ot her energy types. an fmport ant impact is the i n...ndat i on of lar ge area s of
wildl i fe habitat.
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Il'I'IPacts fr'Ol hydroelectric energy projects result not only f r"Olll i nundatton

of l and but al S(' frQI the opera t i on of the dam and the dall itself . Inundation

of f lood plai ns. marshes. and other important wi ld life habfta t can negat fve ly

affect big game animals. aquat i c f ur bearers , waterfow l. shorebird s . and

rapt ors. Big game anfmals can be impacted by loss of seasona l ranges and

i nt errupt i on of migratory routes . Winter r anges In particular are cr i t i ca l

habitats for migratory big game animals. The flood control provided by dams

may significantly reduce the extent of wetland habitats resultfng frOlll the

elim ination of seasonal inundat ion of large areas downstream of dam si t es .

This factor may sign ificant ly impact moose and other wetland specfes . Aquatic

furbearers can be adverse ly affected by the loss of habitats . Correspondingly.

waterfowl and shorebi rd nest ing . loafing . and feeding areas can be eltlltnated

by the f looding of these habitats. The re.estab l1stwent of hi gh_qualtty

habitats is genera lly prevented by the constantly fluc tu ati ng water levels

of plant operat ion. Fluctuating water levels can al so destroy trees and oth er

natural structures used by bird s for perch ing . nesting. and roost ing sites.

Birds and bears can further be impacted by the loss of f ish if 'ish passage 1s

prevented or reduced by the dam.

Steem-electr-tc and hydroelectr ic projects located in remote areas cause

other 1mpi!ICts. Access roads to remote locat ions cause extens l ...e disturbance to

wildlt fe. Not only will habitat be replaced by roads . but Iso la t ed wildlt fe

populations w111 be advers el y aff ect ed by i ncreased hUll,," activ ity and
nl.lImers. These fmpact s could resu lt i n disturbance of wilderne ss species Hke

gr iZZly bears . Also. oth er wildl1fe could be illlPact ed f r'O'll i ncreased hunt ing

pressure. poaching . and road kil ls . The . agni t ude of thes e and other pot ential

illlPact s will depend on the wtld ltfe popul at i on densities at each spec if fc si te .

"itigat1ve measures could be taken to relieve some wildlife impact s

resulting from darn developments. The habftats flooded by a reservoir would be

largely irreplaceable. However . other habitats , such as fs lands used by

waterfowl for nest ing . could be created by plac ing spoils or channels in the

affected area . Trees ar:d other natural features used by rap tors could be

retained instead of removed as i s usually done prior to inundat ion. Whereas

these relief measures are SOlIleWhat seec t t tc , wildltfe impact s . in general. can
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be 2 ini. i ze; by \ electlng onl y t hose s ites where wil dl ife di sturbances MOUld ~

t he least .

0.1.4 Socioeconomic Considerat ions of Plan lA

This section cover s the gener al soc ioeconomic concer ns of Pl an lAo

Ccmbustlon Tur bi nes . Bec ause of the relatively SIIalJ workforce and

acreage requi rement s for combust ion turb ine development . impac t s can be

expec t ed to var y more wi t h loc at i on than wit h pl ant sc al e. The absence of

major s it ing const rai nt s all ows f lexi bili t y i n locat i ng a COlllbustion·turb fn e

facili ty . Const r uc t i on of a 170·MW plan t would requi r e 30 per sons for a perfod

of 9 mont hS. To lII in imize impacts . COlIlbus t ion t urbines shoul d not be sited in

very S/IIa ll towns , al t hough Ins t a ll i ng a cons truct ion II«JrkcillllP wou ld lessen the

demand f or l'Iou s ing and publ ic serv ic es. Pr illlary pl ant s ites wou ld be

.\ncnor age . So!dat na . and Fa ir banks . Seconda ry s i t es wou ld inc lude Kenai.

Se~ard . Was i l la , Palmer. and ~orth Pol e .

Si nce a combus t ion tu rb ine ts a ca p i t al- Int ensive fac t Hty. ZOI of t he

proj ect e xpenditures wou ld be i nves t ed wttntn Alaska. wh ile 80S would be spent

out s ide Alaska.

Combi ned Cyc le . Constr uc t ion of a ZOO·MW comb ined-cyc le plan t requires

45 per sons for a period of Z years. The ope r at i ng and ma i ntenance requi rements

~ould be approx imat e ly 15 persons . Since t he cons t r uc t ion work fo rce is

relative ly small. l "'O~c ts sl'lould vary more with s ite locat ion than wi th p lant

capac i t y . Sever e constr uc t ton- re l at ed i~pac t s cou ld occur in very ~a l l

comuni ti es along t ne dist ribut ion pi pe ltne or r~ t1road where the

inf ras t r uct ure Is Insuff ic t ent t o meet new demands . These impac t s can be

l essened by <; It tng a ccee tned-cjc te pl ant in a connun t t y ~ith a copul at ion

great er than sao. Pr imar y si t es wou ld i ncl ude Anchorage. Faf r banks . and

Sol dat na. Secondary l oc~tions adjacent t o t he r a i lroad or maj or hig hway

cor r idor inc lude Kenai . Seward . Was illa. Palmer , and ~orth Pole .

Si nce combi ned cycl e 1s a capi t a l -i nt ensi ve teChnology . t he l ar ges t

por t ion of expendt t ures out si de the reg ion would be attri buted to equ ipment .

Appro ximat e ly 70s of the project expenditures would be s pent i n the lower 48

st at es . \Ilhtle 30S wou ld be spent .ith in the Ral1 be lt .
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Ste.. Elec t r i c . The construction and oper atton of a coal.f irecl pl ant

has the potrnt1a l to serious ly affect sa a lleor COl'lllUn i ties and cause a booInfbust

cyc le . Theu effects are dle to ee I"etIIOtrness of prosPeCthe sites. The

lIIagnttude of tt~se impacts is a f u"'Ct i on of plant scale . A lIIa jO'" contr ibut in9

factor to th is relat tonsh ip is tl'le vari at ion i n size of the construct ion t«Irk

f or ce wi t h pl ant s i ze . Construct ion ttmes . exctu s tve of 1t Ce-nSi n9 and

permi t t ing . wi ll vary accord ing to the s tze , type of equipment . and externa l

f actors such as weather and labor force. Construct ion schedu le s for coa l -f ired

plant s i n th@ Ratlbe lt win vary depenC' tng lA)on wtlether the boiler is f ield ­

erected . A ZOO -Mtrl plant ~ut~s 3 to 5 yee-s to construct.

IlIIPac ts lIOul d be IIIOSt severe at t~ Beluga coa l f ie lds s ince the

s urround ing cOl'lllUn i t i es are S1Wa ll and t ransport ation fac il i t ies e-e poorl y

deve loped. Power pl ant CO'IIPOMnts t«Iul d IlIOSt lttely be sh ippeocl by barge and

then transported overland to t he si t e . Secondary illlP acts would be caused by

the construction of haul roads . The l ar9!st cQIIIIlunity i n the area is T.vonek.

an Alaskan nat ive vi ll age wit h a populat ion of Z39. The inf lult of a

construction wort force lIOuld dtsrupt t he soc ia l struetu~ of I COl!mun i ty of

th is size . The construction Of a wort c_ lIOul d not substantia ll y r educe

t t\ese impacts .

llllPacts f !"Olll devel opi ng a plant along the ra il road cordOOr \IlOul d depend

on a plant s cale . Exi st ing C(lllll'lvni ties lIIay be able to accOlllllOdate the

re qvil"'e!lleftts far construct ing a 10- t o 3O-P4W pla nt . but wcal c be se ...ere ly

affect!d by a large.scale plant .

The n (lll of capital elPendtt ures both outs tde and wi t hfn Alask a is

expected to balance far a ZOO...., coal -fired steilll-4!lectric plant. The n (Jill of

oPer at i ng arid _afntenance expendttures is expected to be 101 s~t outs ide the

re gi on and the bal ance spent in t he recJton.

Hydro electrtc . The const ruction and oper at t on of a l ar ge hydroolectri c

plant has a high potential to Cause a bOOl1l/bust cycl e . but a snett -scete

projec ~ will have a mi nor to eocerete impac t on COl!IIIuntty i nfrast r ucture. The

pr1wlary r eason iar ge pro j ec t s wi ll (.reat e adverse ef f ec ts is the remoteness of

t he si t es . The si t es are loca ted at or near COl'I!lun ittes with a P09U lat ion of

less t han 500. An 1n...tgr.t ion of 250 to 1. 000 workers . depending on the scale

of pl ant i n the r.nge of 100 t o 1.000 """. 'o«lu ld be necessary f or construct ion .
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In these remot e comunlti es . the populat ion could lIW)re than quadruple. The

i nst allation of a construction camp """uld not reduce the impacts on the socia l
and econoet c struc t ure of a corrrnunft y.

A SllIal1 - scale nydro project rlay be compati ble with remote cOl'llftunit tes .

For example. a 2 . 5~ pr oj ect """uld requ ire a construct fDP .orkforce of 25.
Ihe leng t h of const ruct t on ttme wou ld be 2 year s in ce:-par tson to 5 t o 10 years

fo r comp l etion of a la rge-sca le pro ject.

The expenditure s that fl ow oot of the reg fon account for tnvestment t n

equi pment and super vt sory personnel . For a large·sca le project. a larger

propor ti on of the expenditure s ls attr ibuted to c iv il costs . Approximatel y 3SI:

of an i nvestment in a large project would be made outside the reg ion . whereas

651: wou ld be made with in tne Raflbelt. Sixty-f ive percent of the inves tment in
a sma l l -sca le hydro pr oject would be made In the lower 48 states. whereas 351
would be conta ined wtth in t he Ratlbelt. The breakdown of oper ati ng and

ma int enance expendit ures f or a hydroelectr ic project wou ld be Nl11 spent

out si de t he Railbelt and N89S spent with in t he reg ion.

0. 1. 5 Int egr at ion of Potent ial Impacts

The over a ll envi r onment al and socioeconomic impac t s of Pl an lA are

: resent ed in Table 0.3 . The impact s ma inly are minor to moder at e . HOwever.
tne fol1 owin9 poin ts re present prominent concer ns:

1. a ir -quali t y impact s of coal·ff red units

2. boom-bust impact s of coal and hydroe lectr i c project s

J . 'Il'a ter.qua l1ty and eco logical Impacts of construc t ion and operat ion .

Ai r -Ouality Impact s of Coa l·F fred Uni ts

TI'le i ncreased use of coal · f i r ed steam turb ines will requ ire l arge ~unts

of land. The majo r f aci l it i es that wi ll alter t he la ndscape inc lude

SII'(Ikest acks . coo11 ng tcee-s , coa l stockpiles. t he boiler plant. and the ash

ponds . Of course. the SIIlOkestack and coo11ng tower plumes will be highly

vts tal e, espec ially in t he wi.,ter months . The combust ion ee fss tcns wt ll

COnt r ibute to decr eased " ls i bfli t y. Al so. lo.:ating the fos s f ; fuel power

pl ants such that the ir plumes do not vi ol ate the PSD a ir qua l ity r egul at tons
may be a problem.
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