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Section 1 

INTRODUCTION

1.1 B A C K G R O U N D

The Reconnaissance Study1 prepared by Decision Focus Incorporated for the 
Alaska Power Authority (now Alaska Energy Authority) presented the costs and 
benefits of several intertie proposals suggested for the Railbelt The study concluded 
that a new 230 KV  line between Kenai and Anchorage, and a full upgrade o f the 
Anchorage-Fairbanks line s.;e not cost effective.

After the completion of the Reconnaissance Study, the Railbelt electric utilities 
proposed new downsized (138 KV ) transmission lines between Kenai and Anchorage 
(southern line) and between Healy and Fairbanks (northern line). The northern line 
proposal would also include a lim ited upgrade o f the Anchorage-Fairbanks line.

t

1.2 O B JE C T IV E

The objective of this study is to assess the economic feasibility o f the proposed 
Healy-Fairbanks 138 KV  new intertie and the proposed Kenai-Anchorage 138 KV  new 
intertie. The economic feasibility of the lim ited upgrade of the Anchorage-Fairbanks 
line is also evaluated. The purpose of this report is to present the results of the study.

1.3 R E P O R T  O R G A N IZA T IO N

This report is organized similar to the Reconnaissance Study to facilitate the 
comparison between the costs and benefits o f the proposed 138 KV  interties presented 
in this study and the other alternatives (e.g., the 230 KV  Kenai-Anchorage proposal 
and the full upgrade o f the Anchorage-Fairbanks line) described in the Reconnaissance 
Study.

1. "Railbelt Intertie Reconnaissance Study, Benefita/Coet Analysis," prepared by Decision Focus 
Incorporated, for the Alaska Power Authority, June, 1989.

S ltM i
1-1
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1.4 S T U D Y  O V ER V IEW

The assessment of the proposed transmission lines is focused on a comparison of 
their expected economic costs and benefits. Moat inputs to this economic analysis such 
as fuel price and electric demand forecasts, were established by the A laska Power 
Authority (now Alaska Energy Authority) ,rmd are reported in the Reconnaissance 
Study. New evidence and more detailed analysis o f issues necessitated the update of 
several input assumptions. All changes and new estimates are documented in this 
report.

Several categories o f possible benefit have been evaluated for the intertie 
proposals. These primary benefit categories include:

1. Reliab ility . Intertie projects can affect system reliability and a 
value can be attached to estimated improvements. Reliability can 
be measured by the number, duration, and magnitude o f customer 
outages. Reliability benefits are explored in Section 4.

2. Economy Energy Transfer. Savings are realized when an intertie 
project allows more displacement o f higher cost energy in one area 
with lower cost energy imported from another area. This is 
presented in Section 5.

3. Transm ission Efficiency. New , improved interties can produce 
savings to the extent that transmission losses are reduced. This is 
also presented in Section 5.

4. State Revenue. New, improved interties can lea,d to increased 
substitution o f gas for oil and therefore to increased state revenues 
from increased gas royalty and severance taxes. This is also 
presented in Section 5.

5. Capacity Sharing . An intertie project may allow two or more areas
to share capacity and, us a  result, an increment o f future
investment in plant capacity could be deferred or avoided. This is 
presented in Section 6.

6. Operating Reserve Sharing . Operating reserves are typically
maintained to help avoid customer outages. An intertie project 
could allow two or more areas to share operating reserves and 
therefore reduce operating costs. This is presented in Section 7.

B l t M a
1-2
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1.5 SU M M A R Y  O F  F IN D IN G S

Table 1*1 shows the expected2 costs and benefits for each o f the three 
alternatives. Both the total and incremental (incremental over the limited upgrade of 
the Anchorage-Fairbanks line) costa and benefits o f the Healy-Fairbanks intertie are 
presented.3

T ab le  1-1

R A IL B E L T  A LT E R N A T IV E S : C O ST S  AN D  B E N E F IT S

E s tim a ted  
Cost* 

($1990  m illion )

E s t im a ted
Benefits* B en e fit to

($1990  m illion ) C os t R a t io

New Kenai-Anchorage Intertie 74 to 86* 114 to 131 1.3 to 1.8

Limited Upgrade of Anchorage- 
Fairbanks Intertie

10 46 4.4

Healy-Fairbanks Northern Intertie
• Total 64
• Incremental3 54

106
60

1.6
1.1

Notes:

a. Includes both capital and O&M  costs
b. Present value of total benefits between 1994 and 2033 for the JCenai-Anchorage line

and between 1994 and 2043 for the Anchorage-Fairbanks upgrade and Healy-
Fairbanks line.

c. Includes replacement cost o f submarine cable after 20  years o f service.
d. Incremental over the lim ited upgrade o f the Anchorage-Fairbanks line.

Figures 1-1 and 1-2 show the present values o f net benefits and the benefit to 
cost ratios for the Kenai-Anchorage new intertie. Figures 1-3 and 1-4 show the present 
values of net benefits and the benefit to cost ratios for the limited upgrade of the 
Anchorage-Fairbanks new intertie. Figures 1-7 and 1-8 show the incremental present 
values of net benefits and the incremental benefit to cost ratios for the new Healy- 
Fairbanks intertie.

2. Unless otherwise noted, "expected” values are calculated for all scenarios assuming all scenarios have 
same probability.

3. Unless otherwise noted, thess and all other costs and benefits are presented in terms of 1990 dollars.
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N et Benefit*  ($M)

L L  L M  L H  M L  M M  M H  H L  H M  H H  L L  L M  L H  M L  M M  M H  H L  H M  H H
Scenario

LL Low FuaVLow Load 
LM Low Fual/Midda Load 
LH Low Fuat/High Load

ML Mdda Foal/Low Load 
MM Mdda FoatflAdda Load 
MH Mdda FutVHJgh Load

HL Ugh FuaVLow Load 
HM High Fuam dda Load 
HH High FuaWUgh Load

F ig u re  1*3. A n ch o rag e -F a irb an k s  U p g ra d e  to  100  M W : N e t  B en e fits
Benefit to C o s t  Ratio
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Figure 1-4. Anchorage-Fairbanks Upgrade to 100 MW: Benefit to Cost Ratios
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Net Benefits ($M)
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Figure 1*6. Healy-Fairbanks Northern Intertie: Benefit to Cost Ratios
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1.5.1 New  K en a i-A n ch o rag e  In te r t ie

This alternative consists o f a new 138 KV transmission line between Anchorage 
and the Kenai Peninsula with a transfer capacity o f 150 MW. The capital cost o f the 
proposed Kenai-Anchorage intertie varies between $64.3 million (w ithout replacement of 
the submarine cable) and $73 .8 million (w ith replacement o f the submarine cable). 
Operations and maintenance cost is estimated at $0.5 million per year. The present 
value o f total costs is estimated at $74.1 million (w ithout replacement o f the submarine 
cable) and at $86.2 million (w ith the replacement o f the submarine cable).

The expected value o f benefits is estimated between $114.0 million and $131.3 
million. This consists ot the following benefits:

1. Reliab ility : The value o f improved reliability due to the new
intertie is estimated between $32 .3 million and $49 .6 million.

2. Increased. Economy Energy Transfer: Savings due to increased
transfers between the Kenai Peninsula and Anchorage are 
estimated at $43 .4 million adjusted for increased transmission 
losses and reduced gas royalty and severance taxes.4

3. Increased Capacity Sharing : The improved transmission link would
allow Anchorage to rely on a greater portion of the Kenai 
Peninsula generation capacity surplus for meeting the Anchorage 
capacity requirement. This value is estimated at $24.4 million.

4. Increased Spinning Reserve Sharing : Improved access to Kenai
Peninsula spinning reserves ie estimated to produce a value of 
$8.9 million.

5. Reduced Maintenance Costs. A  second line between Kenai and 
Anchorage would reduce the maintenance costs of the existing line 
by $5 million.

Figure 1*9 shows the relative contribution o f each benefit category to the total 
expected benefits.

SlWii

4. Based on increased economy energy transfer* of $51.0 million, increased transfer loaeoi of 53.1 million
and reduced gBs royalty and severance taxen of $4.5 million.

1-8
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Enecyy Transfer 
943.42M 35%

Ftefiabffity
$40.96M33%

Reduced Maintenance 
S5.00M 4%

Spinning Reserves 
$8.85W7%

Capacity Sharing 
I24.39M 20%

En*rgy t m l i r  tndudaa transfer toss •nd gas ruyafty.
Avwag* o# a l scenarios.

F ig u re  1*9. N ew  K en a i-A n ch o rag e  In te r t ie : 
B re ak d ow n  o f  E x p e c te d  B en e fits

lltMl
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1 .5 .2  L im ite d  U p g rad e  o f  A n ch o rag e -F a irb an k s  In te r t ie  to  100 MW

This alternative consists o f electrical equipment to provide a limited increase of 
30 M W  input in the transfer capacity of the existing line. The estimated capital cost of 
this limited upgrade is $9.4 million (again, expressed in 1990 dollars). Operations and 
maintenance cost is estimated at $0.05 million per year. The present value of total 
costs is $10.3 million.

The expected value o f benefits is estimated at $45.9 million in the following 
categories:

1. Reliab ility : The value o f improved reliability is estimated at
$5.0 million.

2. Increased Economy Energy T ransfer : Savings due to increased
transfers between Anchorage and Fairbanks, after adjusting for 
increased transmission losses and increased gao royalty and 
severance taxes are estimated at $31.8 million.5

3. Increased Capacity Sharing  Benefits : The upgrade would allow
Anchorage to rely on a greater portion o f the Fairbanks generation 
capacity surplus for meeting the Anchorage capacity requirement.
This value is estimated at $9.0 million.

Figure 1-10 f hows the relative contribution of each benefit category to the total 
expected benefits.

5. B au d  on increased economy energy transfers of $42.7 million, increased transfer loeees of tl5 .4  million
and increased gas royalty and severance taxes of $4.5 million.

1-10
Rim.
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S8.99M 20%

Energy transfer includes transfer loss end pas roya/ty.
Average of a l acerwio6.
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1.5.3 N ew  H ea ly -F a irb an k s  In te r t ie

This alternative consists of the limited upgrade o f the Anchorage-Fairbanks line 
and a new transmission line between Healy and Fairbanks. Transfer capacity between 
Anchorage and Fairbanks would be increased to 120 -140  M W  and transfer losses would 
be reduced. The capital cost of this proposal is $58 .7 million. The additional 
operations and maintenance cost is estimated a t  $0.3 million per year. The present 
value o f total costs is estimated at $64 .6 million.

The expected value of benefits is estim ated at $105 .8  million in the following 
categories:

1. Re liab ility : The value of improved reliability is estimated at
$11.5 million.

2. Increased Economy Energy T ran s fe r : Savings due to increased
transfers between Anchorage and Fairbanks, after actfusting for 
increased transmission losses and increased gas royalty and 
severance taxes, are estimated at $76 .9  million.*

3. Increased Capacity Sharing : The upgrade would allow Anchorage 
to rely on a greater portion o f the Fairbanks generation capacity 
surplus for meeting the Anchorage capacity requirement. This 
value is estimated at $17.3 million.

Figure 1*11 shows the relative contribution of each benefit category to the total 
expected benefits.

Blttfa

6. Based on increased economy energy transfers of $76.2 million, increased transfer loeaes of $7.0 million
and increased gas royalty and severance taxes of $7.7 million.

1-12
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Section 2 

DESCRIPTION AND COSTS OF PROPOSED INTERTIES

2.1 D E S C R IP T IO N  A N D  C A P IT A L  C O S T  O F  IN T E R T IE S

This section presents a description of each o f  the three proposals considered in 
this study, and summarizes the estimated capital coats for the proposals. Power 
Engineers Incorporated prepared the design and coat estimates for the Kenai-Anchorage 
intertie. Harza Engineering Company prepared the design and cost estimates for the 
Anchorage-Fairbanks intertie proposals. All coats presented in this section are in 1990 
dollars.

2 .1 .1  N ew  In te r t ie  B e tw een  A n ch o rag e  an d  th e  K en a i P en in su la
(KA 138  In te r t ie )

The KA138 liue is a 138 KV  version c f  the 230 KV  line between Kenai and 
Anchorage along the Enstar route. The line is comprised o f three segment types: steel 
and wood pole overhead lines, underground cables, and a submarine cable through 
Turnagain Arm. An addition to the Huffman Substation and an addition to the 
International Substation have been considered as design options for the substation in 
Anchorage.

•

The capital cost o f the KA 138 proposal, with the Huffman Substation option and 
a 15 percent contingency, is estimated a t $64.3 m illion1 in 1990 dollars. The capital 
cost of the KA 138 proposal, with the International Substation option and a 15 percent 
contingency, is estim ated at $65 .6  million3 in 1990 dollars.

2.1.2 Lim ited Upgrade o f the Anchorage-Fairbanks Intertie CAF100 Upgrade)

The AF100 upgrade is the same proposal for a lim ited upgrade o f tbe intertie 
between Anchorage and Fairbanks previously considered in the Reconnaissance Study. 
The upgrade consists o f  new static VAR systems and series capacitors that will increase 
the capacity of the current line by SO MW .

1. Report prepared by Power Engineer* Incorporated for Chugach Electric Awodation, April, 1989.

2. Ibid.
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The capital cost o f the AF100 upgrade, with a 15 percent contingency, is 
estimated at $9.4 million* in 1990 dollars.

2 .1 .3  N ew  In te r t ie  B e tw een  H ea ly  a n d  F a irb an k s  (AF13S In te r t ie )

The AF138 proposal is comprised of the limited upgrade of the Anchorage- 
Fairbanks intertie coupled with a new 138 KV  line from Healy to F t  Wainwright. The 
proposed 138 KV  line between Healy and Ft. Wainwright is a steel-structure line that 
will significantly reduce the losses on the line between Healy and Fairbanks, and will 
increase the transfer between Anchorage and Fairbanks.

The capita] cost of the 138 KV  line and terminal substations, with a 15 percent 
contingency, is estimated at $49 .3 million* in 1990 dollars. Including the capital cost of 
the limited upgrade ($9 .4  million in 1990 dollars), the total capital cost o f the proposal 
is, therefore, $58 .7 million.

2 J2. V A R IA B LE  CO STS  O F  T H E  P R O P O S E D  IN T E R T IE S

The variable costs of an intertie are the annual operating and maintenance costs 
that are associated with the operation of the line. These costs are typically expressed 
as n percent of the capital cost of the line. . In the Reconnaissance Study, the variable 
cost o f each line is estimated as 1.5 percent of capital cost.* The Railbelt utilities have 
dted historical data as evidence tha t the variable costs for the existing Railbelt 
interties are less than 1.5 percent o f capital cost. The lack o f  existing evidence 
supporting the variable cost o f transmission lines prompted further investigation of the 
estimated variable costs o f the proposed lines.

2 .2 .1  New  E v id en ce  o f  th e  V a r ia b le  C oa t o f  th e  A F 138  In te r t ie

The annual operating and maintenance expenses for the existing Anchorage- 
Fairbar ks intertie during the past three years averaged 1.0 percent of the capital cost 
o f the line.* The estimated 1989 total expenses for the Anchorage-Fairbanks intertie 
are $1.4 million on a capital investment o f $125 million. The proposed AF138 line

3. 'Railbelt Intertie Reconnaissance Study, Benefit^Coet Analysis," prepared by Decision Focus 
Incorporated, for the Alaska Power Authority, June, 1989.

4. Report prepared by H&rra Engineering Company for Golden Valley Electric Aasodation, April 5, 1989.

5. Letter from Steven Haagenson, Golden Valley Electric Aaaodation, to Salim Jabbour, Decision Focus 
Incorporated, dated Auguirt 25, 1989.

6. Letter from Myles Yerkes, Matanuska Electric Aaaodation, to Salim Jabbour, Decision Focus 
Incorporated, dated Auguirt 25, 1989.

K ites*
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would be a  second line between Healy and Fairbanks; and some o f the operating and 
maintenance functions w ju ld  not require duplication.

For example, the AF138 line would not increase wheeling and dispatch coats. 
The administrative and general costs for a  second intertie should be proportionally less 
than the current expenses to reflect an adjustment for wheeling and dispatch costs. 
The 1989 wheeling and dispatch coats are estimated a t $0 .6  million; and the 
administrative and general costs are $0.3 million. The adjusted administrative and 
general costs are $0.1 million ( [{1.4 - 0.6 -  0.3)/{1.4 - 0 .3)] w 0.3 ). W ith the 
adjustments for expenses tha t would not be duplicated, the estimated 1989 expenses 
would be $0 .6 million (1 .4  * 0 .6  • 2 ) ,  or 0 .6 percent of the capital cost o f the intertie.

Peter Donalek a t Harza Engineering Company has confirmed the fact that
0.5 percent of capital cost is a reasonable estimate o f the operating cost o f a second 
intertie between Healy and Fairbanks.7 He d ted  two pieces o f evidence. First, the 
accepted industry standards for estimating the variable operating cost o f  a line are in 
the range o f 0.5 to 1.5 percent. A  steel-structure line in A laska should require very 
low maintenance and should, therefore, be at the low end o f the range. Second, the 
best estimate of the operating costs of a new line is the historical operating costs of 
sim ilar lines in the region. Variable costs are extremely location-specific and industry 
averages are not particularly good estimates. This evidence was also confirmed by 
Barry Flynn of Flynn &  Associates.®

We assume that the variable costs o f the AF100 and AF138 lines are 0.5 percent 
of capital cost o f the interties. Given these assumptions, the annual variable cost 
associated with the AF100 upgrade is $0.05 million per year in 1990 dollars. The 
annual variable cost associated with the AF138 intertie is estimated at $0.3 million per 
year in 1990 dollars.

2.2.2 New Evidence o f the Variable Cost o f the KA138 Line

The KA138 line is likely to have higher operating and maintenance costs than  
the proposed AF138 line. According to John McGrew at Power Engineers, a submarine 
cable has a considerably higher risk o f damage from hazard than an overhead line. In 
addition to the risk o f damage from boats in Alaska, there can be problems with ice 
gauging that can prematurely cut the life o f a line short.® This information was

7. Phone conversation between Peter Donalek, Hen* Engineering Company, and Carol Redfield, Dedeion 
Focub Incorporated, October 27, 1989.

8. Letter from Berry Flynn, Flynn & Aaaodatet, to Salim Jabbour, Decider F o c u b  Incorporated, dated 
Novtmber 1, 1989.

9. Phone conversation between John McGrew, Power Engineer*, and Carol Redfield, Dedrion Focus 
Incorporated, October 27, 1989.

XIMti
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confirmed for us by Ralph Saram, M anager of the Underground Transm ission Program  
at EPR I.10

Problems from ice gauging and changing bottom contours have plagued the 
eristing submarine cables in the Knik Ann of Cook In le t These lines are due for a 
complete replacement in 1990, approximately 15 years after they were originally built.

The submarine cables proposed for the KA 138 line should not be subject to the 
same level o f hazard as the current lines in Knik Arm. The KA 138  submarine cable is 
designed to go through Turnagain Arm. The exposure to boat and ice hazards in 
Tumagain Arm should be less than in Kn ik  Arm.

Given these facts, there is a probability th a t the new submarine cable will need 
to be replaced in the future. Assuming a complete replacement o f the cable after 
twenty years, and a capital cost (with a 15-percent contingency) o f $22 .9  million in  
1990 dollars, the present value o f replacing the line in 20  years is $9 .5  million.

We assume a variable operating and maintenance cost o f 1.5 percent o f the cost 
o f capital for the submarine cable for an annual variable cost o f $0.3 million. The 
remainder of the KA138 intertie is comprised of wood-pole and underground lines that 
should require minimal maintenance." We assume that the variable cost o f the 
intertie, excluding the submarine cable, will be 0 .5 percent o f the capital coat o f the 
line." Under these assumptions the annual variable cost o f the line, excluding the 
submarine case, would be $0.2 million per year. The total variable operating and 
maintenance cost o f the line is, therefore, $0 .5  million per year in 1990 dollars.

2.3 ECONOMIC LIFE OF THE INTERTIES

The expected economic life of an intertie is used to determine the net present 
value o f the annual variable costs of the line. The Reconnaissance Study assumes that 
the economic life o f each o f the proposed lines is 35 years. The Railbelt utilities 
indicated that the life o f a line may be as long as 50 years. Further investigation 
indicated the following information.

10. Phone conversation between Ralph Samm, Manager of the Underground Trannuiw'on Program, 
Electric Power Research Institute, and Carol Redfield, Decision Focus Incorporated, October, 1689.

11. Phone conversation between Harry Ng, Project Manager, Distribution Program, Electric Power 
Research Institute, and Carol Redfield, Decision Focus Incorporated, October, 1989.

12. The capita] coat of the line, excluding the submarine cable, is 841.4 million.

uses*
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2.3.1 New Evidence o f  the Economic Life o f the AF100 and AF138 Intertie*
The AF138 line is a steel-structure line. B .C . Hydro amortizes steel-pole lines 

over a 50-year horizon. B .C . Hydro currently has steel-pole lines in operation that 
were built in 1932 and, therefore, considers 50 years a "safe" assumption.1* Bonneville 
Power currently amortizes lines over 44 years. However, Bonneville Power assumes 
that new technology should increase the expected life o f new lines to 50 years.14 In the 
design of the AF line, Commonwealth Associates assumes a 50-year life for the steel- 
pole lines.18 According to Barry Flynn,1* Pacific Gas and Electric’s lattice-steel lines 
that were built in 1904 and 1906 continue to operate today in a reliable manner, as do 
wood-pole lines built in 1910 and 1922.

Harry Ng, a  Transmission Engineer at EPR I, confirmed Bonneville Power’s 
observation that moet of the steel-pole lines that have been constructed to date are still 
in operation; and no one knows for sure how long they will last. H e noted that most 
utilities assume a 40 - to 50-year life for all lines.17

Based on this evidence we assume a 50-year life for the AF138 line.

2.3.2 New Evidence o f the Econom ic Life o f the KA.138 Line

The KA138 line is primarily composed of wood-pole lines and a submarine cable. 
There is a broad range of estimates for the life o f a wood-pole line. According to Paul 
Lyons o f EPR I, a wood-pole line may last as little as 10 years in a humid climate, such 
as Florida, due to deterioration from fungus and pests.1* In the Southwest, a wood-pole 
line may last well beyond 50 years. In the Alaska climate, wood-pole lines should have 
minimal problems with fungus and pests; and lines should last anywhere from 35 to 
50 years.

13. Phone conversation between Bob L oom , BC Hydro, and Carol Redfield, Decision Focua Incorporated, 
October, 1989.

14. Saa note 6.

15. "Anchorage-Fairbanks Tran amission Intartie Structure Study for Alaska Power Authority," prepared by 
Commonwealth Associates, Inc., Jackson, Michigan, August, 1981

16. See note 8.

17. See note 11.

18. Phone conversation between Paul Lyons, Project Manager in the Overhead Transmission Lines 
Program, Electric Power Research Institute, and Carol Redfield, Decision Focus Incorporated. October, 
1989.

usee*
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Commonwealth Associates assumes a 35-year life for the wood-pole lines in the 
design proposal for the AF  line.1'  Bonneville Power and B .C . Hydro" amortize wood- 
pole lines over 39- and 50-year horizons, respectively. H arza Engineering Company 
estimates that the lines should have a 40-year life.”  We assume that the life of a 
wood-pole line in A laska should be 40  years.

W ithout the occurrence o f an unanticipated hazard, a  submarine cable should 
last as long as any other line. However, any hazard has the risk o f cutting short the 
life of the line. Ralph Samm , a t EPR I, estimates the average life o f  a  submarine cable 
to be 40  years— the "industry average for any type o f line".® We consider the risk of a  
hazard that might cu t short the life o f the cable by evaluating the possibility o f a  
complete replacement after 20 years o f service (refer to Section 2 .2 .2).

Given this evidence, we assume a 40-year life for the entire KA138 line.

2 .4  N E T  P R E S E N T  V A LU E  O F  T H E  C O ST  O F  T H E  P R O P O S E D  IN T E R T IE S

Assuming a 40-year life for the entire KA188 line and a discount rate o f
4 .5  percent, the net present value of the variable cost o f the line is $9.7 million with 
the Huffman Substation option. The total cost o f this proposal is $74.1 million w ith no 
replacement o f the submarine cable.”  Assuming a replacement o f  the cable after 
twenty years, the total cost of the KA138 proposal, with the Huffman station, is $86 .2  
million in 1990 dollars.

Assuming a 50-year life for the AF100 upgrade, the net present value o f the 
variable costs associated w ith the upgrade is $0 .9  million. The total cost o f the AF100  
proposal is $10.3 million, again in 1990 dollars. (

Assuming a 50-year life for the AF138 intertie, the net present value o f the 
variable costs associated w ith the intertie is $5 .8 million. The total cost o f the AF138  
proposal is $64 .6 million in 1990 dollars.

19. Sec note 14 .

20. See note 12.

21. See note 7.

22. See note 10.

23. With the Internationa] Subetation option, the net preeent value of the variable coeta it $10.1 million 
and the total cost it $75.6 million, all in 1990 dollar*.

HIM*
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Section 3 

TRANSFER LOSSES OF EXISTING AND 
PROPOSED TRANSMISSION LINES

Transmission losses play an important role in  the cost o f power transfer between 
two distant areas. Since energy lost in transmission can be considered to have the 
same value as delivered power, an understanding o f electrical losses is vital to evaluate 
the benefits o f a transmission addition. Losses are considered for the limited upgrade 
o f the Anchorage-Fairbanks line (AF100), the new intertie between Healy and 
Fairbanks (AF138), and the new intertie between Kenai and Anchorage (KA138).

3.1 ANCHORAGE-FAIRBANKS NEW/UPGRADED INTERTIES

Under the limited upgrade of the Anchorage-Fairbanks line (AF100), transmis­
sion losses are the same as the existing intertie; this is because the only change to the 
intertie is installation of stability equipment, which increases the transfer limit but 
does not impact losses. Therefore, additional loss calculations for the AF100 are 
required for the increased levels o f transfer.

A major portion of the losses between Anchorage and Fairbanks for the existing 
and AF100 lines occur between Healy and Fairbanks. The following analysis shows 
that the proposed 138 KV  line from Healy to Fairbanks (AF138) will significantly 
reduce losses by increasing transfer efficiency.

3.1.1 Calculation o f leases

Power Technologies Incorporated (PT I) provided a  technical memorandum on 
losses and compensation requirements to the Golden Valley Electric Association in 
April, 1989.3 This report detailed the technical power flow analysis necessary to assess 
the impact of the AF138 on transmission losses.

aiufa

1. Power Technologic* Incorporated, "Healy—Ft. Wainwright Line: Loeeee and Compensation
Requirements," eubmitted to Steve Haageneon, Golden Valley Electric Aaaodation, April A, 1969.
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Characteristics o f the existing and proposed lines were used PT I to evaluate 
losses for several levels o f power flow on the lines. PTI calculated transmission losses 
for the A P I 00 and the AF138 for six levels o f load in the Fairbanks area.* Table 3-1 
shows losses for the first three cases, which involve loads o f 50 percent, 75 percent, and 
100 percent o f 115 M W  at Fairbanks. Table 3-2 shows losses for the second three 
cases, which involve loads o f 50 percent, 75 percent, and 100 percent o f  124.2 M W  at 
Fairbanks. The choice o f 124 .2 M W  at Fairbanks in the second set of cases is 
important. This load level corresponds to a flow into Healy o f 105 .6  M W  for the 
AF138, which matches exactly the Healy flow for the AF100 and 115.0 M W  at 
Anchorage (refer to Footnotes 3 and 5). The result is tha t the im pact o f the addition 
on losses can be directly evaluated, since the power input at Healy has been held 
constant (105 .6  MW ). Therefore, a  good comparison could be made between the AF100  
losses in Table 3-1 and the AF138 losses in Table 3-2 .

Adapting the results from the PT I report, losses have been divided among the 
Anchorage area, transfer between Anchorage and Healy, and transfer between Healy  
and Fairbanks.

Table 3-1*

ANCHORAGE-FAIRBANKS TRANSFER LOSSES
(M W )

Fairbanks Load  
(100%  = 115 M W )

100% 75%  50%

Anchorage Area4 
AF138 ' 7 .1 3 .5 1.3
AF100 8 .5 4 .0  1.4

Anchorage to Fairbanks 
AF138 10.4 5 .3  2 .2
AF100 21 .8  10.4 4.1

2. In all o u s  there ia no generation in the Fairbanks area.

3. Power flows into Healy for the AF138 are 95.4, 64.4, and 34.0 MW at 100, 75, and 50 percent load 
levels. Power flown into Healy for the AF100 are 105.6, 69.1, and S5.9 MW at 100, 75, and 60 percent 
load levels.

4. Losses shown are the total losses in the Anchorage minue thooc loaaes which are not due to transfers 
to Fairbanks (estimated at 12 MW, baaed on consultation with PTI). Hmm "variable loaaes* increase with 
the power transferred from Anchorage to Fairbanks.

b u m *
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Table 3-2*

ANCHORAGE-FAIRBANKS TRANSFER LOSSES
(M W )

Fairbanks Load 
(100%  *  124.2 MW )

100% 75% 50%

Anchorage Area*
AF138 8.6 4 .2 1.6
AF100 10.9 4 .8 1.7

Anchorage to Fairbanks 
AF138 12.6 6.4 2.5
AF100 28 .2  12.5 4.9

Data from Tables 3-1 and 3-2 was incorporated into Tables 3-3 and 3 -4 , which 
show loss calculations for the AF100 intertie upgrade and AF138 new intertie for 
different input levels at Anchorage.

Table 3-3

AF100 NEW INTERTIE  
BREAKDOWN OF TRANSFER LOSSES

M W  M W  at H e a l y  A F  L o s s e s  M W  T o t a l  Losses
at

F B X A n c h  H e a l y Total HF A H T o t a l

A n c h

L oss

at

A n c h M W lin pu t Incr

124.2 119.2 25.0 1 44.2 20.0 8.2 28.2 10.9 138.3 39.1 28. 3 48.9
115.0 105.6 25.0 1 3 0 . 6 15.6 6.2 21. 8 8.5 120.3 30.3 25. 2 37.3
93.2 77.4 25.0 102.4 9.3 3.3 12.5 4.8 85.5 17.3 20. 2 29.6
86.3 69.1 25.0 94.1 7.8 2.6 10.4 4.0 75.7 14.4 19.0 24.4
62.1 41.1 25.0 66.1 4.0 0.9 4.9 1.7 43.7 6.6 15.1 19.3
57.5 35.9 25.0 60.9 3.4 0.7 4.1 1.4 38.0 5.5 14. 5 14.5

Col. 1 2 3 4 5 6 7 8 9 10 11 12

5. Power flowe into Healy for the AF138 are 105.6, 71.8, and 38.8 MW for 100, 75, and 50 percent load 
levels. Power flows into Healy for the AF100 are 119.2, 77.4, and 41.1 MW for 100, 76, and 50 percent 
load levels.

6. See Footnote 4.

3-3
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Table S-4

AF138 INTERTIE UPGRADE  
BREAKDOWN OF TRANSFER LOSSES

MW MW at Healy AF Losses KW Total Losses
at

FBX Anch Healy Total HF AH Total
Anch
Loss

at
Anch MW %input Incr

124.2 105.6 25.0 130.6 6.4 6.2 12.6 20.6 120.4 21.2 17.6 28.7
115.0 95.4 25.0 120.4 5.4 5.0 10.4 19.1 107.5 17.5 16.3 24.0
93.2 71.8 25.0 96.8 3.6 2.8 6.4 16.2 ''8.8 10.6 13.5 20.7
86.3 64.4 25.0 e9.4 3.2 2.1 5.3 15.5 70.1 8.8 12.6 16.3
62.1 38.8 25.0 63.8 1.7 0.8 2.5 13.6 41.2 4.1 10.0 11.5
57.5 34.0 25.0 59.0 1.5 0.7 2.2 13.3 36.0 3.5 9.7 9.7

For each table, the power in M W  at each node is identified, as well as the losses
incurred between the nodes. For example, consider the first row o f Table 3-3, which
takes data from the 100% load column of Table 3-2.

In Table 3-3 Column 1 (124.2  M W ), the load a t Fairbanks; Column 2 
(119.2 MW ), the flow into Healy from Anchorage; and Column 7 (28 .2  MW ), the total 
losses, are all taken from Table 3-2. The local generation in Healy (25 .0 MW ), shown 
in Column 3, is added to the Anchorage portion (119.2  M W ) to arrive at the total 
power at Healy (144.2 M W ) in Column 4. Column 5 is the loss from Healy to 
Fairbanks (20 .0 MW ), and is calculated as the difference between the total power at 
Fairbanks (Column 1) and the total power a t Healy (Column 4). Column 6 is the loss 
from Anchorage to Healy (8.2 MW ), and is calculated as the difference between total 
losses (Column 7) and the losses from Healy to Fairbanks (Column 5).

Column 8, the losses in Anchorage (10 .9  MW ), is taken from Table 3-2. The
power at Anchorage (138 .3  MW ) is calculated by adding the losses from Anchorage to 
Healy (8 .2 M W ) to the Anchorage portion o f the power a t Healy (119 .2  MW ). Columns 
7 and 8 are added to find the total losses from Anchorage to Fairbanks (39.1 M W ) in 
Column 10. Column 11 calculates total losses as a percent of the input power at 
Anchorage (39 .1A 38 .3  *  28.3% ). Incremental loss percentage is calculated in 
Column 12 ( [39 .l-30 .3J/U 38 .3 -120 .3 i = 48.9%  )

3.1.2 Generalization of Losses

W ith Tables 3-3 and 3-4 , loss calculations can be made at other transfer levels 
by interpolation. Whenever intermediate loss computations are necessary, loss is 
assumed to follow a squared relation to the power transferred. This is a basic result of 
power transfer, where power loss is equal to the square o f the current times the 
impedance, and the current is in direct proportion to the power transferred. For

U K h
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example, if transmission loss (L r )  between two nodes is known a t some reference 
transfer level (TR), then the transmission loss L  a t transfer level T  can be estimated 
as:

L  = Ljj (T/Tr )2

A ll such calculations are referenced to the closest data input given in PTFs 
analysis. Transmission losses o f Healy generation contributes to total losses, but the 
generated power is not included in the base amount o f generation to which the percent 
loss is referred. This allows Over/Under to model Healy as part o f the Fairbanks area, 
recognizing losses from Healy to Fairbanks, but only as a percentage o f power input at 
Anchorage.

Historically, 62  M W  has been the lim it o f power delivered to Fairbanks on the 
Anchorage-Fairbanks intertie. It was reported and used in the Reconnaissance Study 
that the power input to achieve 62 M W  at Fairbanks is 70 M W  a t Anchorage.7 The 
70 M W  input, however, only considered losses north o f Anchorage; i f  losses in the 
Anchorage area were included (as they are for this analysis), an input greater than 
70 MW  would be needed to deliver 62 M W  at Fairbanks. The second row o f Table 3-5 
shows that for an input o f 70 MW  at Anchorage, losses would equal 12.6 MW , making 
the delivered power to Fairbanks equal to 57 .4  MW .

T a b le  3*5

T R A N S M IS S IO N  L O S S E S  F O R  T H E  E X IS T IN G  
A N C H O R A G E -F A IR B A N K S  IN T E R T IE

In c rem en ta l
A n ch o ra g e  In p u t T o ta l L o s s L o s s

M W (M W ) <%) <%)

40 .0 5 .8 14.5 14.5
70 .0 12.6 18.0 22 .8
77 .0 14.8 19.3 32 .1

The transfer lim it o f the AF100 would be either 84 M W  (Case 1) or 87 MW  
(Case 2), delivered to Fairbanks. In order to deliver 84  M W  to Fairbanks, roughly 
110 MW  is needed as input at Anchorage. Several increments o f transfer levels up to

7. Railbelt Intertie Reconnaiasance Study, Section 2, page 2-3.

K l IM a
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110 MW have been chosen to provide intermediate detail for use o f the low calculations 
in the Over/Under simulations. Table 3 -6  outlines AFK 0 losses, relating the level of 
power generated at Anchorage and total transmission losses from Anchorage to 
Fairbanks. Losses are shown in terms o f M W  input at Anchorage, as percent of input 
power, and as percentage incremental losses.

Table 8-6

TRANSMISSION LOSSES FOR THE AF100 INTERTIE UPGRADE

Incremental
Anchorage Input Total L o u L o u

MW (MW) (% ) <%)

40 .0 5 .8 14.5 14.5
70 .0 12.6 18.0 22 .8

100 .0 22.3 22.3 32.1
110.0 26.9 24.5 46 .8

Table 3-7 shows losses for the AF138 new intertie, again breaking transfer levels 
into several increments to provide representative detail for the Over/Under simulations. 
The highest level of transfer in Table 3 -7  corresponds. to an input o f 140 MW at 
Anchorage, resulting in a delivery of 112 MW in Fairbanks, which is the limit expected 
for the AF138 in Case 2.

Table 3-7 ,

TRANSMISSION LOSSES FOR THE AF138 NEW INTERTIE

Anchorage Input 
MW

Total L o u  
(MW) (% )

Incremental
L o u
(% )

40.0 3.8 9.5 9 .5
70.0 8.8 12.6 16.7

100.0 15.6 15.6 22 .6
120.0 21.3 17.8 28 .6
140.0 28.1 20.1 34.1

HIM*
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3.2 KENAI-ANCHORAGE NEW INTERTIE (KA138)

Transfer between the Kenai-Anchorage has been taken from the Reconnaissance 
Study.* Table 3 -8  shows the loeseB for several levels o f transfer on the existing 115 KV  
intertie between Kenai and Anchorage. Case 1 assumes a transfer lim it of 70 M W  
input at Xenai and 61 M W  output at Anchorage. Case 2 assumes a transfer lim it of 
90 M W  input at Kenai and 75 M W  output at Anchorage.

Table 3 -9  shows the losses for several levels o f transfer for the case of a second 
intertie (138 KV ) between Kenai and Anchorage.

Table 3-8

TRANSMISSION LOSSES FOR THE EXISTING  
KENAI-ANCHORAGE INTERTIE

Kenai Input Total L o m
Incremental

L o m
MW (MW) (% ) (% )

40 .0 3.6 8.9 8 .9
60.0 6.9 11.5 16.6
70 .0 8 .8 12.6 19.2
90 .0 14.5 15.6 28 .7

Table 3-9

TRANSMISSION LOSSES FOR THE ' 
NEW KENAI-ANCHORAGE INTERTIE (KA138)

Incremental 
Kenai Input Total Loss L o m

MW (MW) (%) (%)

60 .0 2 .5 4 .2 4 .2
90 .0 5 .6 6.2 10.2

100 .0 6.9 6 .9 13.2
120 .0 9 .9 8 .3 15.2
150 .0 15.4 10.3 18.6

B l I M a

8. Lowes at transfer levels not reported in the Reconnaissance Study were calculated using the approach
outlined in Section 3.1.2.

3-7
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Section 4 

RELIABILITY BENEFITS OF P ROPOSED 138 KV INTERTIES

This section analyzes th , effects that the proposed interties would have on 
service reliability. Reliability is important because the value o f electric power exceeds 
the cost o f producing the power. The cost to a utility o f an outage may be small, while 
the cost o f that same outage to an industrial or commercial customer may be very 
large. The proposed upgraded or new interties will improve service reliability by 
reducing both the frequency and duration o f customer outages.

The assessment o f the value o f improved system reliability requires an estimate 
of the outages that an intertie will avoid and the cost to customers o f the outages that 
are avoided. We estimate the impact o f the interties on customer outages by analyzing 
the historical outages in the Railbelt area and the changes that the interties should 
bring about.

For the costs o f customer outages, we have relied on research compiled by the 
Electric Power Research Institute (EPR I) on the value o f service reliability [1], Since 
the completion of the Reconnaissance Study, a new EPR I study on service reliability 
was released. The new study presents substantial evidence that the costs of customer 
outages are significantly higher than previously estimated. Thi", new evidence is 
presented in the analysis that follows.

This section is divided into four parts. First, we review the historical levels of 
customer unserved energy. Second, we estimate the impact that the proposed interties 
will have on customer unserved energy. Third , we review the new evidence of the costs 
o f customer outages presented in the 1989 E P R I report. Fourth , we apply the costs of 
outages to the estimate o f the impact that t ia  interties will have on customer outages 
to assign a dollar value to the reliability benefits of the interties.

4.1 IMPACT OF PROPOSED INTERTIES ON CUSTOMER UNSERVED
ENERGY

In the event o f an outage, customer unserved energy is the electrical energy that 
would have been demanded by customers if  the outage had not occurred The impact 
o f the interties on customer unserved energy is the change in customer outages that 
the interties are expected to bring about.

XltMa
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4 .1 .1  Historical Customer Unserved Energy

For the Reconnaissance 3tudy, data on historical customer outages in the Railbelt 
region was collected from each o f the Railbelt utilities.1 The customer unserved energy 
in the Railbelt averaged 955 MWh/year for 1986/1987. Residential customers 
experienced 44 percent o f the unserved energy. A  mfyority o f the outages were in 
Anchorage with an average 655 MW h o f unserved energy, or 69 percent of all Railbelt 
outages. Kenai averaged 192 MWh o f outages and Fairbanks averaged 104 MW h of 
unserved energy.

4.1.2 Impact o f the KA138 Intertie on Customer Unserved Energy

The KA138 line is proposed for the same route as the KA  line analyzed in the 
Reconnaissance Study. Sim ilar to the KA  line, it would be a second line between 
Kenai and Anchorage, and, presumably, would be constructed to the same reliability 
standards as the KA  line. Because of this, we assume tha t i t  should have the same 
impact on customer unserved energy as the KA  line. W e summarize below the 
expected impact of a new KA  intertie on customer unserved energy based on the 
analysis presented in the Reconnaissance Study.5

The KA line is expected to save between 20  and 80  percent o f Kenai customer 
unserved energy when Kenai is exporting power,' and 50  percent o f unserved energy 
when Kenai is importing power. The exception to this are Seward outages which will 
not be avoided by the new interties. Kenai is expected to be an exporter o f power 
40 percent of the time and an importer 60  percent o f the time. W e analyze a low case 
o f 46 percent of outages avoided (40 percent of outages avoided 4 0  percent o f the time, 
and 50 percent of the outages avoided 60  percent o f the tim e) and a high case of 
62 percent of outages avoided (80 percent o f outages avoided 4 0  percent o f the time, 
and 50 percent o f outages avoided 60 percent o f the time).

The KA  line would avoid outages in  Anchorage when Anchorage is importing 
power from Kenai (40 percent o f the time). It  should, therefore, avoid 1.2 outages per 
year (40  percent of an average 3 outages per year). We analyze a low case of one 
avoided outage per year o f one hour in duration, and a high case of two avoided 
outages per year o f one hour duration. Each outage is limited to 30  M W  due to the 
availability o f spinning reserves in Anchorage.

1. Refer to "Railbelt Intertie Reconnaissance Study," Appendix A, Prepared by Decision Focus Incorporated 
for Alaska Energy Authority, June 1989.

2. Refer to "Railbelt Intertie Reconnaissance Study," Section 4, Prepared by Deacon Focus Incorporated
for Alaaka Energy Authority, June 1989.

Rises*
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4 .1 .3  Im p a c t  o f  th e  A F 100  In te r t ie  on  C u s tom e r  U n se rv ed  En e rg y

As determined in the Reconnaissance Study, the AF100 upgrade should save 
10 percent of M EA  outages due to reduced outage duration in the area.

4 .1 .4  Im p a c t o f  th e  A F 138  In te r t ie  on  C u s tom e r U n se rv ed  En e rgy

The AF138 line is comprised o f the AF100 upgrade coupled with a new 138 KV  
line between Healy and Fairbanks. In addition to avoiding 10 percent o f M EA  outages 
due to the AF100 upgrade, the AF138 proposal will achieve reliability benefits due to 
the construction of a  second intertie between Healy and Fairbanks.

The AF138 line provides an alternate route between Healy and Fairbanks. 
Because Fairbanks is typically an importer of power from Anchorage, the second line 
would avoid some outages in the Fairbanks area. The Northeast intertie analyzed in 
the Reconnaissance Study was estimated to save 40 percent of Fairbanks outages by 
providing an alternate route between the two areas. Since the distance from Healy to 
Fairbanks is approximately one-third o f the distance from Anchorage to Fairbanks, we 
estimate that the AF138 intertie would avoid 12 percent o f Fairbanks outages (one- 
third of the 40 percent o f the Fairbanks outages that the Northeast intertie would 
avoid).

Table 4-1 summarizes the expected impacts o f the proposed 138 KV  interties on 
customer unserved energy.

T ab le  4 -1

SU M M A R Y  O F  U N S E R V E D  E N E R G Y  F O R  T H E  138 K V  IN T E R T IE S

A rea
K A 138  

L ow  C ase
KA 138  

H ig h  C ase
A F 100

In te r t ie
A F 138

In te r t ie

Kenai 46%  o f Kenai 
unserved 
energy saved

62% o f Kenai 
unserved 
energy saved

0 0

Anchorage 30 M W h of 
unserved 
energy saved

60 M W h of 
unserved 
energy saved

10% M EA  
unserved 
energy saved

10% M EA  
unserved 
energy saved

Fairbanks 0 0 0 12%
Fairbanks 
unserved 
energy saved

XlSMa
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4.2 COSTS OF CUSTOMER OUTAGES
The coet o f a customer outage is the value to a customer o f unserved energy. 

There are several ways to estimate the cost o f an outage resulting in a wide range of 
cost estimates. The most widely accepted estimation methods in recent years are 
survey techniques that ask customers to assess the value o f the losses suffered during 
an outage.3

The Reconnaissance Study relied on outage cost data from a 1986 EPR I report 
on service reliability. From  that study, the results o f the Ontario Hydro surveys o f 
outage costs for industrial and commercial customers, as presented by Scott, were 
selected as the most applicable to the Railbelt [2]. Since the completion of the 
Reconnaissance Study, E P R I has released a new study o f service reliability that 
presents updated evidence on the value of Bervice reliability [3].

The new data provided in the 1989 study impacts the analysis o f the benefits of 
the proposed interties in  two ways:

1. The study indicates that the coet o f residential outages may be 
considerably higher than previously estimated.

2. The study reveals new information about the Ontario Hydro survey 
results tha t was not evident from the Scott summary in the 1986 
Study.

The new evidence on the cost o f outages results in significantly higher estimates 
o f outage costs for both residential and commerdabindustrial customers. The reliability 
benefits in this analysis are, therefore, significantly higher than £he benefits estimated 
in the Reconnaissance Study.

4.2.1 New Evidence on the Costs o f Residential Outages

The Reconnaissance Study uses estimates o f residential outage costs from a 
study completed by Sangvhi in 1983 [4]. Sangvhi estimates tha t the unit cost of a 
residential outage is in the range of $0.07/KWh to $2.07.‘KW h (in 1987 dollars). More 
recent otirveys have yielded considerably higher estimates o f the costs o f residential 
customer outages.

3. Refer to "Customer Demand for Service Reliability," Section 2, Prepared for Electric Power Re»earch 
Institute by Laurit* R. Chriiteneen Aaaodatei, Inc., Madieon, Wiacorurin, May 1989.

UMfa
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The preferred methods for customer surveys in recent studies are the Direct Cost 
and the Willuigness-to-Pay survey approaches.4 The D irect Cost approach asks 
customers to assess the total loss tha t would occur in the event of an outage. The 
Willingness-to-Pay approach asks customers to assess what they would be willing to pay 
to avoid an outage. The range o f outage costs resulting from these survey techniques 
is broad. The variation is partly explained by the wide variety o f the survey 
techniques. It is also due to differences in the customers experience with outages. 
Customers who have not experienced many outages may give very different responses 
than customers who experience frequent outages.

The range o f survey results from the 1989 EPR I study is presented in Table 4-2. 
The costs range from $ 0 .2 1/KWh to $ 9 .91/KWh. For this analysis we assume a unit 
cost of $5.0(VKWh for residential outages. This value is approximately the midpoint of 
the range o f survey results.

Table 4-2

RESIDENTIAL OUTAGE COSTS 
(1990 $)

S o u r c e C on d itio n M e th o d $JKW

Sangvhi (1983 ) Proxi 2.07
Ontario Hydro (1980 ) — W TP 0.21
Billington, et al. (1982 ) — Direct 1.76
Doane, et al. (1989 ) Annual average* D irect 10.17
Doane, et al. (1989 ) Annual average* Direct 9.39
Goett, et al. (1 989 ) W inter W TP 2.18
Meta Systems, et al (1986 ) Annual average* W TP 3.45

W TP = Willingness to Pay

Source: "Customer Demand for Service Reliability," EPR I, EA -4494 , May 1986.

*For surveys that estimated separate winter and summer estimates o f outage costs, we 
calculated an annual average outage cost assuming 50 percent summer and 50 percent 
winter.

4. Refer to ’Customer Demand for Service Reliability," Section 2, Electric Power Research Institute, May 
1989.

IllUt
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4J2J2 N ew  E v id en ce  on  th e  C osts  o f  C om m erc ia l/ In d u s tr ia l O u ta g e s

The unit cost o f a  commercial or industrial outage can vary greatly with the 
duration o f the outage. The cost per kilowatt hour of a  five-minute outage is usually 
higher than the cost per kilowatt hour of a one-hour outage. However, the total cost of 
a one-hour outage exceeds the total coet o f a  five-minute outage.

The Ontario Hydro surveys asked customers to assess the total cost of an outage 
for a number o f different outage durations. A t the time o f the survey, no attempt was 
made to assess the customer usage during an outage. The results o f the Ontario Hydro 
surveys have been converted to an assessment o f the cost per kilowatt hour o f an 
outage by making an assumption about the usage at the time o f an outage. The 
assumption that is made about usage can resu lt in widely varying assumptions about 
the cost per kilowatt hour o f an outage.

In his 1983 article [5], Len Scott uses the results of the Ontario Hydro surveys 
to calculate an eu ornate o f the dollar per kilowatt hour cost o f an outage. To convert 
the survey results, given in dollars per outage to dollars per kilowatt hour, Scott’s 
results assume that the usage in Ontario was equal to 75 percent o f the annual peak 
demand at the time o f an outage. Scott’s results are presented for different outage 
durations and different customer types in Table 4-3.

Table 4-3

CUSTOMER OUTAGE COSTS ASSUMING USAGE IS 
75 PERCENT OF PEAK DEMAND

U N I T  O U T A G E  COST ($/KWH, 1980 $) C O M M E R C I A L / I N D

Outage Lg Ind Sm Ind B u i l d i n g Retail Inst $ 1 9 8 0 / M W h $1980/MW

1 m i n 61.80 69.00 195.00 23.40 1.80 58781 980
5 m i n 15.97 18.68 47.77 8.57 0.92 15923 1327
10 m i n 10.24 12.38 29.35 6.71 0.80 10563 1761
15 m i n 8.33 10.28 23.21 6.09 0.77 8772 2193
20 m i n 7.38 9.24 20.16 5.79 0.75 7887 2629
1 hour 3.97 6.31 14.33 7.32 1.01 6987 6987

2 hours 3.12 5.34 13.02 8.33 1.06 7056 14112
4 hours 2.26 4.37 11.71 9.33 1.11 7120 28480
8 hours 1.66 4.03 10.14 12.28 2.2 8273 66184
10 hours 1.34 3.1 8.57 15.23 2.2 9198 91980

In the 1989 EPR I reliability report, Christensen Associates presented the results 
of the same Ontario Hydro surveys shown in the Scott report. Rather than assuming 
that the customer usage at the time o f an outage was equal to 75 percent of the 
annual peak demand, Christensen Associates presented a range o f possible co/its per 
kilowatt hour for an outage based on a range o f assumptions about the customer usage

U1M *
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at the time o f an outage. A t one end o f the range, they assumed that customer usage 
ia 75 percent o f annual peak demand. A t the other end o f the range, they assume that 
customer usage is equal to the average annual demand for each customer type 
surveyed.8

The results for the unit cost o f an outage assuming annual average demand, as 
shown in the 1989 E P R I report, are presented in 'Table 4-4. Clearly, neither table is 
right or wrong, they are simply different interpretations o f the same surveys. Using 
Table 4-3 and assuming that customer usage at the time o f an outage is 75 percent o f 
annual peak demand would lead to the same outage cost (in dollars per outage) 
calculated by using Table 4-4 and assuming that customer usage at the time o f an 
outage is equal to the average annual demand.

Table 4-4

CUSTOMER OUTAGE COSTS ASSUMING USAGE  
IS  ANNUAL AVERAGE DEMAND

________________________Dedeton Focui Incorporated

UNIT O U T A G E  COSTS (S/KWH, 1980 $) C O M M E R C I A L / I N D

Outage L g  Ind _.m Ind B u i l d i n g R e t a i l Inst $1980/MWh$1980/Ml

1 m i n 224.00 162.11 480.99 38.30 3.18 143119 2385
5 min 57.88 43.89 1 17. 8 3 14.03 1.62 37795 3148
10 m i n 37.12 29.09 72.40 10.98 1.41 24612 4100
15 m i n 30.19 24.15 57.25 9.97 1.36 20221 5055
20 min 26.75 21.71 49.73 9.48 1.32 18044 6009
1 hour 14.39 14.82 35.35 11.98 1.78 14830 14829
2 hours 11.31 12.55 32.12 13.64 1.87 14525 29050
4 hours 8.19 10.27 28.88 15.27 1.96 14209 56836
8 hours 6.02 9.47 25.01 20.10 3.89 15734 125867

10 hours 4.86 7.28 21.14 24.93 3.89 16895 168951

In our analysis, the total cost o f a customer outage in the Railbelt area is 
calculated by multiplying the annual average customer usage by the estimated cost per 
kilowatt hour o f an outage and by the duration o f an outage. To be consistent with 
this calculation o f total outage costs we, therefore, have used the unit outage costs 
calculated assuming customer usage equal to annual average demand as presented in 
Table 4-4.

The Reconnaissance Study was completed before the 1989 reliability report was 
made available, which clarified the different assumptions about customer usage that 
have been used to interpret the Ontario Hydro survey results. The reliability benefits 
in that study were calculated with the outage costs as interpreted by Scott and 
presented in Table 4 -4 . As a result, the reliability benefits in tha t study were

5. Phone conversation with David Glyea at Laurita Chriatenaen Aeaoriatea, October, 1989.
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calculated with a significantly lower estimate of the coat of an outage than implied by 
the Ontario Hydro surveys. This analysis makes the appropriate correction. Hence, 
the reliability benefits in the Reconnaissance Study are less than the benefits from this 
analysis.

The total coet of a customer outage is calculated as the customer unserved 
energy times the unit coet of an outage. Table 4-5 shows for each customer type and 
outage duration the annual average coet of customer outages for 1986/1987 for the 
utilities in the Railbelt region. Also shown in the table is the division in outage costs 
between residential and non-residential customers.

Table 4-5

COSTS OF CUSTOMER OUTAGES 
IN THE RAILBELT REGION

Utility

(M$/yr) (%)

Residt'l I n d / C o m m Tot a l Residt'l I n d / C o m m Total

AMLP 0.24 4.57 4.80 4.92 95.08 100.00
M E A 0.68 1.87 2.55 26.72 73.28 100.00
HEA 0.17 1.69 1.86 9.03 90.97 100.00
SES 0.07 0.81 0.88 7.92 92.08 100.00
FMUS 0.03 0.78 0.81 3.28 96.72 100.00
GVEA 0.15 1.93 2.08 7.41 92.59 100.00
CVEA 0.01 0.17 0.18 3.38 96.62 100.00
CEA 0.75 3.60 4.35 17.18 82.82 100.00
Total 2.09 15.42 17.50 11.95 88.05 100.00

Note: The costs shown are calculated using the average historical outages in 
1986/1987.

4.3 VALUE OF IMPROVED SYSTEM RELIABILITY

In Table 4-6 we summarize the unserved energy that the proposed 138 KV 
interties are expected to save. In Table 4-7 we have applied the unit costs of outages 
to the unserved energy to estimate the value of the unserved energy that would be 
saved.

KlUfa
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Table 4-9
UNSERVED ENERGY SAVED 

(MWh/year)
KA138

LOW HIGH AF100 AF138

KENAI 70.15 94.56 0.00 0.00
A N C H O R A G E 30.00 60.00 20.88 20.88
FAIR B A N K S 0.00 0.00 0.00 12.14

T O TAL 100.15 154.56 20.88 33.02

Table 4-7

VALUE OF SAVED UNSERVED ENERGY  
(million* 1990 Ityear)

KA138

KENAI
ANCHORAGE
FAIRBANKS

TOTAL VALUE

LOW HIGH AF1 0 0 AF138

1.26 1.69 0.00 0.00
0.50 1.00 0.26 0.26
0.00 0.00 0.00 0.33

1.76 2.69 0.26 0.58

To calculate the net present value of the saved unserved energy for the KA138 
intertie, we assume a 40-year life for the intertie (see Section 2 of this report) and a 
discount rate of 4.5 percent. The net present value of the saved unserved energy for 
the KA138 low case is $32.3 million and for the KA138 high case is $49.6 million (in 
1990 dollars).

To calculate the new present value of saved unserved energy for the Anchorage- 
Fairbanks proposals, we assume a 50-year life for the intertie (see Section 2 of this 
report) and a discount rate of 4.5 percent. The net present value of the saved unserved 
energy for the AF100 upgrade is $5.0 million. The net present value for the saved 
unserved energy for the AF138 intertie is $11.5 million.

The value of improved system reliability is the value of the avoided cost of 
unserved energy unless the same level of reliability can be achieved for less cost. For 
the Railbelt, an alternative means of achieving the same reliability as the proposed 
interties is to maintain a higher level of spinning reserves. If the cost of increasing 
spinning reserves to achieve the same level of reliability as the interties is less than
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the value assigned to the saved unserved energy, then the value of the level of 
reliability is the cost of the equivalent spinning reserves.

In the Reconnaissance Study we estimated the cost of maintaining one additional 
megawatt of spinning reserves to be on the order of $80,000 (1000 KW/MW x 8760 
hours/year x 0.005 MBtu/KWh x 1.8 $/MBtu). Our revised analysis of spinning costs in 
the Railbelt (see Section 7) indicates that the coet of maintaining one megawatt of 
spinning reserves to be on the order of $112,000 (1000 KW/MW x 8760 hours/year x
0.007 MBtu/KWh x 1.8 $/MBtu). At this cost, it is unlikely that the spinning reserve 
approach would produce a lower estimate of the value of improved service reliability.

Table 4-8 summarizes the present value of the reliability benefits for each of the 
intertie proposals.

Table 4-8

PRESENT VALUE OF RELIABILITY  BENEFITS

$1990 Millions

KA138 Intertie (Low Case) 
KA138 Intertie (High Case) 
AF100 Upgrade 
AF138 Intertie

32.33
49.58
5.04

11.52

4.4 REFERENCES

[1] "Value of Service Reliability to Customers," EPRI Report £)A-4494, prepared for 
EPRI by Criterion, Incorporated, San Diego, CA, May 1986.

[2] L. V. Scott, "Ontario Hydro Surveys on Power Systems Reliability: Summary of 
Customer Viewpoints," compiled in The Value o f Service Reliability to 
Consumers, EPRI Report #EA-4494, May 1986.

[3] "Customer Demand for Service Reliability: Existing and Potential Sources of 
Information," prepared for EPRI by Laurits Christensen Associates, Madison, 
Wisconsin, May 1989.

[4] A. P. Sanghvi, "Economic Costs of Electricity Supply Interruptions: U.S. and
Foreign Experience," The Value o f Service Reliability to Customers, EPRI, 
EA-4494, May 1986.

[5] Scott op. cit.

k)«M«
4-10



Dtdtion Focui I&corportted

S e c tio n  5 
EC O N O M Y  E N E R G Y  A N D  T R A N SM ISS IO N  LO SS  
B E N E F IT S  O F  TH E  IN T E R T IE  A LT E RN A T IV E S

5.1 OVERVIEW

This section describes the benefits that the AF100, AF138, and KA138 intertie 
options provide in terms of increased economy energy savings and decreased 
transmission losses. We cover these benefits together in this section since they are 
closely related. The economy energy and transmission loes savings were simultaneously 
analyzed using the Over/Under production simulation model.1 A number of adjustments 
were subsequently made to the Over/Under results as follows:

1. For the AF100 and AF138 options, an adjustment was made to
account for the North Pole operating constraint (refer to 
Section 5.2).

2. For the KA138 intertie, an adjustmeLt was made to account for the
increased transfer levels that (a) would be appropriate considering 
the part-load performance of thermal units, and (b) are not recog­
nized in the Over/Under simulation (refer to Section 5.2).

3. For all intertie options, an adjustment was made for the benefits
from the collection gas royalty and severance taxes (refer to 
Section 5.2).

The results of this analysis show that the benefits to be gained within these 
categories for all three options are substantial. The benefits between Anchorage and 
Fairbanks are primarily due to the large disparities in marginal power production costs 
in those two areas, and because the optimal power flow across the line exceeds its 
present capacity during periods of heavy demand. The optimal power flow ic projected 
to exceed the capacity of the existing line more often in the future. The benefits of 
both the AF138 and the AF100 options are due, for the most part, to alleviating the 
capacity constraint of the existing line. The benefits of the new Kenai-Anchorage line 
are almost entirely due to increased hydro-thermal coordination.

1. The Over/Under model is a long-term capacity erpanei on/production «imulation model that wae 
developed by Decidon Focua Incorporated for the Electric Powsr Research Inetitut*.
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5.2 INTRODUCTION

5.2.1 Increased Economy Energy Benefits

Economy energy benefits are realized when an intertie allowB energy transferred 
from a lower-cost area to displace energy that would otherwise be produced in a higher- 
cost area. Increases in transmission capacity can provide opportunity for additional 
economy energy savinga For example, if an existing line allows 200 GWh per year of 
cost-effective transfers between the two areas and a new line expands th in  opportunity 
to 300 GWh per year, then the new line allows the transfer of an additional 100 GWh 
per year of economy energy and therefore provides opportunity for additional savings.

5 .2.2 Reduced Transmission Loss Benefits

Reduced transmission loss benefits occur because of more efficient interties. For 
example, if 40 GWh per year of losses are incurred over an existing line, and 10 GWh 
per year are incurred with a new line, then the new line provides transmission loss 
savings equal in value to the cost of producing 30 GWh per year.1

5.2.3 North Pole Operating Constraint

The "North Pole operating constraint" occurs because the poor part-load 
performance of the North Pole oil-fired combustion turbines in Fairbanks mandates 
that, for economic reasons, the units are always operated above a certain minimum 
load level. When the demand in Fairbanks for energy over the intertie exceeds the 
intertie capacity, one of the North Pole units must be started. Because the minimum 
economic level of operation of these units is relatively high, intertie purchases must be 
reduced substantially whenever a North Pole unit is started, even if demand exceeds 
intertie capacity only slightly. The Anchorage-Fairbanks intertie options would reduce 
or eliminate this North Pole constraint by allowing a higher level of energy imports 
into Fairbanks from Anchorage. As a result, there would be fewer occasions for which 
a North Pole unit would be started up.

The benefit calculations for the Anchorage-Fairbanks intertie alternatives are 
based on the assumption that the North Pole units are normally operated only when 
intertie capacity added to existing and economic coal-fired capacity is insufficient to 
meet Fairbanks load. If North Pole units were operated for significant periods to 
provide improved reliability or improved electrical conditions in the area, even when

2. However, if eubstantially more energy flow* over the line because it it more efficient or hat greater 
capacity, it it poesible that total tmnuniwion loesee would actually increaee. An increase in total losses 
would reduce the benefit of increased economy energy transfers.

xiaet*
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intertie capacity ia sufficient, then the benefits of the intertie alternatives would be 
lower than we have estimated

5.2.4 Benefit* of Increased Hydro*Thermal Coordination

The Kenai-Anchorage transfers estimated by the Over/Under model were 
adjusted to account for part-load performance characteristics of thermal power plants 
based on improved hydro-thermal coordination. Significant benefits can be achieved by 
scheduling the energy production of a hydro resource in order to minimize the part-load 
operation of thermal units elsewhere in the system. Thermal units are much more 
efficient at full load than at part load. The idea is to schedule the hydro energy in a 
way that minimizes part-load operation of thermal units and maximises their full-load 
operation. The Over/Under simulation is not sufficiently detailed to capture this 
possibility, so an adjustment was calculated to estimate the additional transfers 
between Kenai and Anchorage that would achieve the optimal coordination of hydro 
units on the Kenai and thermal units in Anchorage. Benefits of the new intertie are 
increased to the extent that existing line characteristics limit these additional transfers.

5.2.5 Benefits from Increased Ga* Royalty

The new Anchorage-Fairbanks intertie would allow increased gas substitution for 
oil and, therefore, would increase the State’s royalty and severance tax. This benefit is 
not accounted for in the Over/Under simulation. To calculate the benefits from the ga9 
royalty, we assume a royalty of 18 percent of the well-head gas price. The gas royalty 
benefit is calculated as a straight percentage of the increase in gas use attributed to 
the interties. We adjust for reduced benefits in later years when the gas supply is 
depleted.

5.2.6 Modeling Approach

In performing this analysis, we constructed a representation of the Railbelt 
generation and transmission system in the Over/Under model and simulated system 
operation under various fuel price and load conditions. The initial modeling year was 
set at 1994 since most of the alternatives could not be brought on-line before then. 
The Kenai-Anchorage intertie was subjected to the same set of inputs for th* 40-year 
period from 1994 to 2033. The Anchorage-Fairbanks intertie alternatives were subjected 
to the same set of alternatives for the 50-year period from 1994 to 2038.'

Utth

3. For more detail* on the economic life of a line refer to Soction 2.
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Electricity demand and fuel prices are assumed constant between 2010 and 2038 
due to the heightened uncertainty associated with distant time frames. Total system 
costs under each set of assumptions were computed in 1990 dollars for each year and
discounted back to 1994. Significant modeling assumptions are presented in
Appendix B of this report. For more details on the methodology used for multi-area 
production simulation and the calculation of adjustments associated with the North 
Pole operating constraint, refer to the Reconnaissance Study, Appendix E.* The 
adjustment of Kenai-Anchorage transfers based on improved hydro-thermal coordination 
is described in Appendix A of this study.

The three intertie options examined in this section are as follows.

1. A new Kenai-Anchorage 138 KV line with input transfer capacity
equal to 150 MW (labelled "KA138").

2. A limited upgrade of the Anchorage-Fairbanks line to an input 
transfer capacity cf 110 MW (labelled "AF100").

3. A limited upgrade of the Anchorage-Fairbanks line with a new 
1138 KV line from Healy to Ft. Wainwright with an input transfer 
capacity between 120 MW and 140 MW.6

5.3 ALTERNATIVE CASE SCENARIOS

5.3.1 Fuel mad Load Forecast Scenarios

A set of base care scenarios were developed for the combination of three fuel- 
price and three load-forecast assumptions. These forecasts are the same forecasts used 
in the Reconnaissance Study.* In this study, no attempt has been made to weight the 
different fuel and load forecast scenarios. Where average values are calculated, each 
scenario is treated as equally likely.

4. Refer to "Railbelt Intertie Reconnnaistonce Study; Benefits/Cost Analyst,” prepared by Decision Focus 
Incorporated for Alaska Power Authority, May .1989.
5. See Section 5.3.
6. The fuel price foncasta are discussed in Appendix B, and the load forecasts are discussed in 
Appendix C of the Reconnaissance Study.

SJHfa
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2L3J2 Intertie Capacity Scenarioe

Two cases of the economy energy and transmission loes benefits were evaluated. 
Ca^e 1 assumes the following transfer limits:

Input Output
(MW) (MW)

Kenai-Anchorage
• Existing 115 KV Line 70 61
• With Second 138 KV Line (KA138) 150 110

Anchorage-Fairbanks
• Existing Line 77 62
• With Limited Upgrade (AF100) 110 84
• With Second 138 KV Line (AF138) 120 99

Case 2 assumes the following; transfer limits:

Input Output
(MW) (MW)

Kenai-Anchorage
• Existing 115 10/ Line 90 75
• With Second 138 KV Line (KA138) 150 110

Anchorage-Fairbanks
0 Existing Line 77 62
• With Limited L'fpgrade (AF100) 110 84
• With Second 13i8 KV Line (AF138) 140 112

Both cases were evaluated for each of the fuel and load forecast scenarios.

SUM*
5-5



D*dtion Focui Incorporated

5.4 ECONOMY ENERGY TRANSFERS BETWEEN KENAI AND ANCHORAGE
WITH EXISTING LINE

Gas-fired generating units on the Kenai Peninsula are rarely dispatched in the 
production simulation. Both Anchorage and Kenai have gas-fired generating units, but 
Anchorage has combined-cycle and combustion turbine plants that are more efficient 
than Kenai’s combustion turbine generation. The simulation results indicate that little 
or no economy energy benefit can be gained by regular operation of Kenai gas-fired 
generation for transfer to the north.

Kenai will have substantial hydro resources after completion of the Bradley I-ake 
project. The available hydro energy over the course of an average year will, however, 
be less than the anticipated energy requirements of the Kenai Peninsula for all load 
forecasts (see Figure 5-1). Bect.use there is virtually no variable cost to dispatching 
available hydro energy, all that potential is used in the production simulation with or 
without the new line. Because the Kenai gas-fired generation remains more costly than 
available gas-fired energy in Anchorage, Kenai is a net importer of energy from 
Anchorage even after Bradley Lake comes on-line. Part of the net annual transfer 
across the Kenai-Anchorage line is due to this import of energy on the Kenai 
Peninsula.

E n e r g y  ( G W h )

Year
Insert Harvard line graph from Recon. Study here.

Figure 5-1. Kenai Load R equirem ents V ersus Kenai Hydro Energy

XlIMt 5-6



Dedsion Pocui Incorporated

The main component of anticipated transfers is baaed on the expected optimal 
pattern of dispatch from Bradley Lake. Bradley Lake has sufficient storage capability 
to allow hydro energy production during the winter in excess of Kenai requirements. 
Further, the hydro resources on the Kenai will have peak generating capacity in excess 
of Kenai peak demand, which will allow coet-effective transfers from the Kenai 
Peninsula during certain blocks of time that must then be "paid back" by importing 
energy from Anchorage during other blocks of time.

The production simulation performed in the Over/Under model captures some of 
the transfer anticipated due to the pattern of Bradley Lflke operation. However, 
because it is a long-term model that necessarily involves certain simplifications, it does 
cot capture transfers that appear cost-effective as a means of limiting the part-load 
operation of thermal units in the Anchorage area. The methodology used to estimate 
these additional transfer levels and transfer benefits is described in Appendix A.

Anticipated transfers between the two areas without the new intertie are shown 
in Table 5-1 for Case 1 and Case 2. Including the cost-effective transfers estimated to 
limit part-load operation of thermal units in Anchorage, transfer levels from Kenai to 
Anchorage in 1994 average 102 GWh per year for Case l .7 Transfers from Kenai to 
Anchorage decline slightly by 2010. Transfers from Anchorage to Kenai in 1994 
average 147 GWh per year in the expected case, growing to 217 GWh per year by 2010 
due to anticipated load growth on the Kenai Peninsula. As shown, the results for 
Case 2 do not differ significantly from Case 1.* For each case, the transmission losses 
associated with these transfer levels are also shown.

7. For C am  1, tha existing Kenai-Anchorage line has a transfer limit of 61S GWh per year (based on 
70 MW x 8760 houri per year).
8. For Case 2, the existing Kenai-Anchorage line has a transfer limit of 788 GWh per year (based on 
90 MW x 8760 hours per year).

5-7
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XENAI-ANCHOKAGE TRANSFERS WITH EXISTING LINE

BASK

Economy Energy Transfer (GWh/yr)

Case 1

00

Case 2

Assumptions South ------> North North ------> South Transmission Logs (GHh/yr)

Fuel Load 1994 2002 2010 1994 2002 2C10 1994 2002 2010

Low Low 123.8 118.1 110.2 142.3 135.0 172.3 29.3 28.1 30.7
Middle 105.7 82.4 81.7 144.1 126.0 267.6 27.8 24.2 36.7
High 93.5 85.3 82.8 131.6 123.1 287.4 25.6 24.2 38.6

Middle Low 115.6 118.0 110.1 1.42.3 156 0 172.3 28.6 30.0 30.7
Middle 98.6 82.2 81.3 144.1 139.2 225.2 27.2 25.3 32.9
High 81.6 84.6 82.4 132.5 133.8 215.8 24.7 25.0 32.2

High Low 115.6 117.7 110.0 160.7 156.0 172.3 30.2 30.0 30.7
Middle 98.6 81.4 81.2 - 172.8 139.1 225.2 29.8 25.2 32.9
High 81.6 82.0 02.1 151.1 133.8 216.6 26.3 24.8 32.2

Low Low 128.7 123.0 115.1 148.4 141.1 178.4 31.3 30.1 32.7
Middle 110.6 87.3 86.6 150.2 132.1 273.7 29.8 26.2 38.7
High 98.4 90.2 87.7 137.7 129.2 293.5 27.6 26.2 40.6

Middle Low 120.5 122.9 115.0 148.4 162.1 178.4 30.6 32.0 32.7
Mic' ' le 103.5 87.1 86.2 150.2 145.3 231.3 29.2 27.3 34.9
Hig.i 86.5 89.5 87.3 138.6 139.9 221.9 26.7 27.0 34.2

High Low 120.5 122.6 114.9 166.8 162.1 178.4 32.2 32.0 32.7
Middle 103.5 86.3 86.1 178.9 145.2 231.3 31.8 27.2 34.9
High 86.5 86.9 87.0 157.2 139.9 222.7 28.3 26.8 34.2

Table includes hydrothermal coordination adjustment.
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5.5 NEW KENAI-ANCHORAGE LINE: ECONOMY ENERGY TRANSFER AND 
TRANSMISSION LOSS BENEFITS

5.5.1 Increased Kenai-Anchorage Transfers

The change in transfer levels due to the new Kenai-Archorage line is shown in 
Table 5-2. Including the transfers for limiting part-load operation of thermal units, on 
average, transfer levels in 1994 from Kenai to Anchorage increase by about 113 GWh 
per year due to the new line. Transfers from Anchorage to Kenai in 1994 increase on 
average by about 147 GWh per yen . Transfer losses decrease slightly with the new 
line.

5.5.2 Benefits of Increased Kenai-Anchorage Transfers

The annual savings associated with these increased transfers and reduced 
transmission losses are shown in Table 5-3. The annual average net savingB vary 
between $2.0 and $2.9 million per year between 1994 and 2010. Over TO percent of 
the benefits can be attributed to increased hydro-thermal coordination. Ti ers are small 
negative benefits associated with the change in transfer losses and a decrease in the 
gas royalty, however, the economy transfer benefits strongly outweigh the small losses.

The present value of these savings, discounted back to 1994 at a real rate of
4.5 percent, is shown in Table 5-4. The present value of these benefit categories 
average $43.4 million. As shown, the results for Case 1 and Case 2 do not differ 
significantly.

K1M£«
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CHANGE IN KENAI-ANCHORAGE TRANSFERS DUE TO THE NEW LINE

Table 5-2

Scenario

Case #1

Case #2

Change in Economy Energy Transfer (GWh/yr)

Assumptions South  > North

Fuel Load 1994 2002 2010

Low XJW 117.0 115.2 113.8
Middle 113.7 110.6 109.8
High 111.3 111.9 109.7

Middle Low 114.9 115.3 114.1
Middle 112.6 110.8 111.6
High 110.4 112.6 114.8

High Low 114.9 115.2 114.0
Middle 112.6 110.8 110.8
High 110.4 112.7 112.6

Low I>OW 112.1 110.3 108.9
Middle 108.8 105.7 104.9
High 106.4 107.0 104.8

Middle Low 110.0 110.4 109.2
Middle 107.7 105.9 106.7
High 105.5 107.7 109.9

High Low 110.0 110.3 109.1
Middle 107.7 105.9 105.9
High 105.5 107.8 107.7

------------------------------------  Change in
North ------ > South Transmission Loss (GWh/yr)

1994 2002 2010 1994 2002 2010

125.1 128.0 106.2 -2 .4 -1 .8 -4 .1
153.6 201.3 101.5 -0 .6 3.2 -7 .7
142.9 226.8 143.0 -0 .0 4.3 -6 .9
125.1 107.0 106.2 -2 .2 -3.6 -4 .1
167.5 188.1 143.8 0.2 2.0 -3 .8
191.9 230.5 214.6 2.5 4.0 -0 .3
106.7 107.0 106.2 -3 .8 -3 .6 -4 .1
138.8 188.2 143.8 -2 .3 2.1 -3 .8
173.3 230.5 213.8 0.9 4.2 -0 .4
119.0 121.9 100.1 -4 .4 -3 .8 -6 .1
147.5 195.2 95.4 - 2 .6 1.2 - 9 .7
136.8 220.7 136.9 - 2 .0 2.3 - 8 .9
119.0 100.9 100.1 -4 .2 -5 .6 -6 .1
161.4 182.0 137.7 -1 .8 0.0 -5 .8
185.8 224.4 208.5 0.5 2.0 -2 .3
100.6 100.9 100.1 -5 .8 -5 .6 -6 .1
132.7 182.1 137.7 -4 .3 0.1 -5 .8
167.2 224.4 207.7 -1 .1 2.2 -2 .4

Table includes hydrothermal coordination adjustemnt.



ANNUAL TRANSFER BENEFITS DUE TO THE NEW KENAI-ANCHORAGE LINE

Table 5*3

Increased Economy Reduced Net

Case #1

Case 12

Assumptions Energy Transfer <M$/Yr) Transmission Loss <M$/Yr) Transfer Benef its (M$/Yr)

Fuel Load 1994 2002 2010 1994 2002 2010 1994 2002 2010

Lov Low 1.6 1.0 1.9 0.0 0.0 0.1 1.6 1.8 1 .9
Middle 1.6 1.8 1.9 0.0 -0 .1 0.2 1.6 1.8 2.1
High 1.5 1.8 2.0 0.0 -0 .1 0.1 1.5 1.8 2.2

Middle Low 2.0 2.3 2 .7 0.0 0.1 0.1 2.0 2.4 2.8
Middle 2.1 2.5 2 .9 -0 .0 -0 .0 0.1 2.1 2.5 3.0
High 2.1 2 .5 3.0 -0 .1 -0 .1 -0 .0 2.0 2.4 3.0

High Low 2.2 2.8 3 .6 0.1 0.1 0.1 2 .3 2.9 3.7
Middle 2.4 3.1 3.8 0.0 -0 .1 0.1 2.4 3.0 3.9
High 2.4 3.1 3.9 -0 .0 -0 .1 0.0 2.4 2 .9 3.9

Low Low 1.5 1.8 1.8 0.0 0.0 0.1 1.6 1.8 1.9
Middle 1.6 1.8 1.9 0.0 -0 .0 0.2 1.6 1.8 2.1
High 1.5 1.8 2.0 0.0 - 0 .1 0.2 1.5 1.7 2.2

Middle Low 2.0 2.3 2 .7 0.1 0.1 0.1 2.0 2.4 2.8
Middle 2.1 2.4 2 .8 0.0 -0 .0 0.2 2.1 2.4 3.0
High 2.0 2 .5 3.0 -0 .0 -0 .1 0.0 2.0 2.4 3.0

High Low 2.2 2.8 3 .5 0.1 0.1 0.2 2.3 2 .9 3.6
Middle 2.3 3.0 3.7 0.1 -0 .0 0.2 2.4 3.0 3.9
High 2.3 3.0 3.8 0.0 -0 .1 0.1 2.4 2 .9 3.9

1. A l l  values are in  1990 m i l l ion  do l lars .
2. P os i t ive  reduced transmission lo s se s  are savings .
3. Net Transfer B en ef i t s  -  Increased Economy Energy Transfer

+ Reduced Transmission Loss
4. Table includes hydrothermal coordination adjustemnt.



•m
n Table 5-4

PRESENT VALUE OF TRANSFER BENEFITS DUE TO NEW KENAI-ANCHORAGE LINE

Assumptions
Increased 
Economy Reduced IncreasedNet

Scenario Fuel

Case #1 Low

Middle

High

9* Case #2 Low

Middle

High

Load
Energy
Transfer

Trans.
Losses

Gas
Royalty

Transfer
Benef it s

Low 35.0 -2 .1 -3 .1 29.0
Middle 35.7 -1 .1 -3 .4 31.2
High 36.9 -1 .3 - 3 .2 32.5
Low 48.9 -2 .9 - 4 .0 42.0
Middle 51.7 -2 .9 - 4 .6 44.3
High 53.9 -4 .5 - 4 .5 44.9
Low 61.8 -3 .6 - 5 . 3 52.9
Middle 65.4' -3 .5 - 5 .7 56.3
High 68.0 -5 .5 -6 .9 55.6
Low 35.2 -2 .1 -3 .1 30.0
Middle 35.9 -1 .1 -3 .4 31.5
High 37.2 -1 .3 - 3 .2 32.7
Low 49.3 -2 .9 -4 .1 42.3
Middla .52 .1 -3 .0 - 4 .6 44.6
High 54.3 -4 .5 -4 .5 45.2
Low 62.3 -3 .7 - 5 . 3 53.3
Middle 65.9 -3 .6 -5 .7 56.7
High 68.5 5.6 -6 .9 56.0

tfotes:

1. All  values are in 1990 m il l ion  d o l la rs  (present
value for 1994 through 2033 discounted at 4 .5  %/yr)

2. Increased economy transfer  and reduced transmission
lo s se s  include hydrothermal coordination adjustment.
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5.6 ECONOMY ENERGY TRANSFERS BETWEEN ANCHORAGE AND
FAIRBANKS WITH EXISTING LINE

The system simulation indicates that nearly all transfers between Anchorage and 
Fairbanks flow from the south to the north. Hie coet differential between oil and gas 
reflected in the fuel price forecasts is the motivation for transfers between the two 
areas.

Fairbanks relies first upon its existing coal-fired capacity. In the absence of an 
intertie, Fairbanks would next rely upon existing oil-fired capacity. The availability of 
gas-fired capacity in Anchorage, combined with the price advantage of Cook Inlet gas 
with respect to oil, creates an opportunity for economy energy transfer savings. For 
example, the North Pole oil-fired combustion turbines in Fairbanks have a full-load 
heat rate of approximately 10,900 Btu/kWh. The gas-fired combustion turbines #3 and 
#5 at Beluga are somewhat less efficient at full load, with a heat rate of 12,691 
Btu/kWh.

Based on the fuel oil and natural gas price forecasts adopted for 1994 in the low 
case and ignoring variable O&M costs (which are similar for these unito), a variable 
generation cost of $33.47 per MWh is computed for the North Pole units compared with 
$18.05 per MWh for the Beluga units. Even after adding 15 percent transmission 
losses, the Beluga units would be 57 percent less expensive. In 1990, the estimated 
price differential between Fairbanks #4 fuel oil and Cook Inlet wellhead (Chugach) gas 
is $1.36, $1.95, and $2.26 per MBtu for the low, middle, and high fuel forecasts 
respectively (i.e., it is higher for the higher-priced scenarios). In addition, as time goes 
on, the differential within each forecast also increases to $2.09, $3.02, and $3.97 per 
MBtu for the three fuel forecast scenarios in 2010.

Table 5-5 shows the estimated transfer levels from Anchorage to Fairbanks over 
the existing line in the absence of any upgrade. These results are based on the 
transfers indicated by the Over/Under production simulation, net of adjustments 
calculated due to the North Pole constraint.' In the expected case in 1994, transfers 
from Anchorage to Fairbanks are estimated at about 471 GWh per year,10 declining to 
about 418 GWh by 2010. Transmission losses associated with these transfers range 
from 74 to 57 GWh per year, averaging around 15 percent of transfers.

9. Again, th« North Pol* constraint reduce* th* l*v«] of transfer* that would otherwise be expected, 
because intertie purchase* must be reduced substantially whenever a North Pol* unit is started up.

10. Th* existing Anchorage-Fairbanks lin* has a transfer limit of 675 GWh p*r y*ar (based on 77 MW x 
8760 houre per year).

siset*
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ANCHORAGE-FAIRBANKS TRANSFERS WITH EXISTING LINE

Table 5*5

BASE

Economy Energy Transfer (GWh/yr)

Case 1

VMin­

c ase  2

Assumptions South North North ------> South Transmission Loss (GWh/yr)

Fuel Load 1994 2002 2010 1994 2002 2010 1994 2002 2010

Low Low 502.3 42B.0 374.7 0.0 0.0 0.0 75.5 54.2 42.5
Middle 509.5 406.4 421.7 0.0 0.0 0.0 77.9 50.7 55.7
High 510.1 416.7 493.3 0.0 0.0 0.0 78.2 52.5 75.6

Middle Low 451.3 477.5 469.1 0.0 0.0 0.0 71.5 78.6 72.8
Middle 443.6 475.8 444.3 0.0 0.0 0.0 69.6 76.9 63.7
High 475.3 505.6 467.7 0.0 0.0 0.0 77.2 82.9 68.2

High Low 442.0 445.5 354.3 0.0 0.0 0.0 70.1 70.9 45.3
Middle 433.1 394.8 343.4 0.0 0.0 o.o 68.1 57.9 39.8
High 471,1 416,8 392.1 0.0 0.0 0.0 76.6 61.6 50.1

Low Low 502.3 428.0 374.7 0.0 0.0 0.0 75.5 54.2 42.5
Middle 509.5 406.4 421.7 0.0 0.0 0.0 77.9 50.7 55.7
High 510.1 416.7 493.3 0.0 0.0 0.0 78.2 52.5 75.6

Middle Low 451.3 477.5 469.1 0.0 0.0 0.0 71.5 78.6 72.8
Middle 443.6 475.8 444.3 0.P 0.0 0.0 69.6 76.9 63.7
High 475.3 505.6 467.7 0. 0.0 0.0 77.2 82.9 68.2

High Low 442.0 445.5 354.3 0,. 0.0 0.0 70.1 70.9 45.3
Middle 433.1 394.8 343.4 0.0 0.0 0.0 68.1 57.9 39.8
High 47* .1 416.7 392.1 0.0 0.0 0.0 76.6 61.6 50.1

Table includes North Pole adjustment.
§
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5.7 AF100 LIM ITED UPGRADE OF ANCHORAGE-FAIRBANKS LINE:
ECONOMY ENERGY AND TRANSMISSION LOSS BENEFITS.
As described in Section 2, the AF100 limited upgrade consists of the addition of 

electrical equipment, primarily series capacitors and SVS, to allow a higher level of 
transfer over the existing line. Presently, the line is limited to 77 MW input at the 
Anchorage end. Assuming the existing Healy coal plant is operating, which is usually 
the case, approximately 62 MW can be received in Fairbanks. The limited upgrade 
would allow 110 MW to be input at the Anchorage end with approximately 84 MW 
received on the Fairbanks end.

5.7.1 Increased Anchorage-Fairbanks Transfers

Transfers without the limited upgrade are described in Section 5.6 and presented 
in Table 5-5. The change in transfer levels due to the limited upgrade of the 
Anchorage-Fairbanks intertie is shown in Table 5-6. On average, transfers from 
Anchorage to Fairbanks due to the AFI00 are projected to increase by about 67 GWh 
per year in 1994 and by 106 GWh per year in 2010. Although the upgrade permits a 
higher level of transfers, it also results in higher transfer losses; transfer losses 
increase by about 22 GWh per year in 1994 and by 35 GWh per year in 2010.

5=7.2 Benefits o f Increased Anchorage-Fairbanks Transfers

As shown in Table 5-7, the value of the increased Anchorage-Fairbanks transfers 
ranges from an average of nearly $1.0 million per year in 1994 to $2.8 million per year 
in 2010. The negative benefits associated with "reduced transmission losses" are netted 
out against the value of the increased transfers.

The present value of these savings discounted to 1994 at 4.5 percent is shown in 
Table 5-8. The benefit of the change in transmission losses is a loss of $15.4 million, 
which is strongly outweighed by the benefits of increased economy energy transfers (an 
average benefit of $42.7 million), primarily due to the removal of the North Pole 
constraint The present value of the average net benefits in these categories is 
$31.8 million.

Kim*
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Table 5-6

Scenario

Case #1

Case #2

CHANGE IN ANCHORAGE-FAIRBANKS TRANSFERS
DUE TO THE LIMITED UPGRADE OF THE AF LINE TO 100 MW

Change in  Economy Energy Transfer (GWh/yr)

Assumptions South ----------> North North ----------> South
Change in  

Transmission Loss (GWh/yr)

Fuel Load 1994 2002 2010 1994 2002 2010 1994 2002 2010

L o m Low 160.9 144.9 163.1 0.0 0.0 0.0 52.3 46.4 57.8
Middle 146.8 137.8 106.1 0.0 0.0 0.0 47.7 44.1 34.7
High 146.4 167.3 93.9 0.0 0.0 0.0 46.9 54.1 31.0

Middle Low 23.0 18.7 73.7 0.0 0 .0 0.0 7.4 6.1 24.0
Middle 23.9 35.0 94.8 0.0 0.0 0.0 7.7 1 1 . 2 30.7
High 25.4 56.9 151.8 0.0 0.0 0.0 8.2 18.3 49.1

High Low 23.0 15.3 62.3 0.0 0.0 0.0 7.4 4 .9 20.3
Middle 23.9 28.8 83.9 0.0 0 .0 0.0 7 .7 9.2 27.2
High 25.4 45.8 127.0 0.0 0.0 0.0 8.2 15.0 41.1

Low Low 160.9 144.9 163.1 0.0 0.0 0.0 52.3 46.4 57.8
Middle 146.8 137.0 106.1 0.0 0.0 0.0 47.7 44.1 34.7
High 146.4 167.3 93.9 0.0 0.0 0.0 46.9 54.1 31.0

Middle Low 23.0 18.7 73.7 0.0 0.0 0.0 7.4 6.1 24.0
Middle 23.9 35.0 94.8 0.0 0.0 0.0 7.7 11.2 30.7
High 25.4 56.9 151.8 0.0 0.0 0.0 8.2 18.3 49.1

High Low 23.0 15.3 62.3 0.0 0 .0 0.0 7.4 4 .9 20.3
Middle 23.9 28.8 83.9 0.0 0.0 0.1) 7.7 9 .2 27.2
High 25.4 45.8 127.0 0.0 0.0 0.0 8.2 15.0 41.1

Table includes North Pole adjustment.
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Table 5-7

ANNUAL TRANSFER BENEFITS DUE TO THE
LIMITED UPGRADE OF THE AF LINE TO 100 MW

Assumptions
Increased Economy 

Energy Transfer (MS/Yr)
Reduced 

Transmission Loss (M$/Yr) Transfer
Net

Benef its (M$/Yr)

Scenario Fuel Load 1994 2002 2010 1994 2002 2010 1994 2002 2010

Case 11 Low Low 2.1 2.6 3.0 -0 .8 - 0 . 9 -1 .2 1.2 1.8 1.9
Middle 1.9 2.5 2.0 -0 .8 - 0 .8 -0 .7 1.1 1.7 1.2
High 1.9 2.8 1.4 -0 .7 - 1 .0 -0 .7 1.1 1.8 0.8

Middle Low 0.4 0.4 2.0 - 0 .2 - 0 .2 -0 .7 0.3 0.2 1.3
Middle 0.5 0.8 2.6 -0 .2 - 0 . 3 -0 .9 0.3 0.5 1.7
High 0.5 1.2 3.9 -0 .2 - 0 . 5 -1 .5 0.3 0.7 2.5

High Low 0.5 0.4 2.4 -0 .2 - 0 .2 -0 .0 0.3 0.3 1.6
Middle 0.5 0.9 3.3 -0 .2 - 0 . 3 -1 .1 0.3 0.6 2.2
High 0.5 1.4 4.9 - 0 .2 - 0 .5 -1 .7 0.3 0.9 3.2

Case #2 Low Low 2.1 2,6 3.0 -0 ,8 - 0 . 9 -1 .2 1.2 1.8 1.9
Middle 1.9 2.5 2.0 - 0 .8 -0 .8 -0 .7 1.1 1.7 1.2
High 1.9 2.8 1.4 -0 .7 -1 .0 -0 .7 1.1 1.8 0.8

Middle Low 0.4 0.4 2.0 -0 .2 -0 .2 -0 .7 0.3 0.2 1.3
Middle 0.5 0.8 2.6 -0 .2 - 0 . 3 -0 .9 0.3 0.5 1.7
High 0.5 1.2 3.9 -0 .2 - 0 . 5 - 1 .5 0.3 0.7 2 .5

High Low 0.5 0.4 2.4 -0 .2 - 0 . 2 -0 .8 0.3 0.3 1.6
Middle 0.5 0.9 3.3 -0 .2 - 0 . 3 -1 .1 0.3 0.6 2 .2
High 0.5 1.4 4.9 - 0 .2 - 0 . 5 -1 .7 0.3 0.9 3.2

1. A l l  values are in  1990 m i l l ion  d o l la r s .
2. P o s i t iv e  reduced transmission lo s se s  are savings.
3. Net Transfer B en ef i ts  ■ Increased Economy Energy Transfer

4- Reduced Transmission Loss
4. Table includes North Pole adjustment.
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Table 5-8

PRESENT VALUE OF TRANSFER BENEFITS DUE TO
THE LIMITED UPGRADE OF AF LINE TO 100 MW

Assumptions
Increased
Economy Reduced IncreasedNet

Fuel Load
- Energy 

Transfer
Trans. 
Losses

Ga3
Royalty

Transfer
Benefits

Low Low 55.0 -20 .2 6.1 40.9
Middle 44.6 -16 .4 5.3 33.5
High 40.5 -16 .8 5.6 29.3

Middle Low 25.4 -9 .1 2 .5 18.8
Middle 33.6. -12 .0 3.3 25.0
High 51.1 -19.1 5.2 37.2

High Low 30.9 -10 .3 2.9 23.4
Middle 41.6 -14 .0 3.9 31.5
High 61.8 -21 .1 5.9 46.6

Low Low 55.0 -20 .2 6.1 40.9
Middle 44.6 -16.4 5.3 33.5
High 40.5 -16.8 5.6 29.3

Middle Low 25.4 -9 .1 2.5 18.8
Middle 33.6 -12 .0 3.3 25.0
High 51.1 -19.1 5.2 37.2

High Low 30.9 -10 .3 2.9 23.4
Middle 41.6 -14 .0 3.9 31.5
High 61.8 -21.1 5.9 46.6

'ase #1

Case £2

Notes:

1. All  values are in 1990 m i l l ion  do l lars  (present
value for 1994 theough 2043 discounted at 4 .5  %/yr)

2. Increased economy transfer  and reduced transmission
lo s se s  include North Pole adjustment.
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5.8 AF138 INTERTIE: ECONOMY ENERGY AND TRANSMISSION LOSS
BENEFITS

As described in Section 2, the AF138 option consists of the limited upgrade of 
the Anchorage-Fairbanks line to 100 MW and a new 138 KV intertie from Healy to Ft. 
Wainwright. With the existing line, 77 MW car? be input in Anchorage and 62 MW 
received in Fairbanks. With the AF138 option, 120 MW can be input in Anchorage and 
99 MW received in Fairbanks.

5.8.1 Increased Anchorage-Fairbanks Transfers

The change in transfer levels due to the new Anchorage-Faribanks 138 KV line 
is shown in Table 5-9. The average increase in transfer levels from Anchorage to 
Fairbanks due to the new intertie is on average 122 GWh per year in 1994 and 
186 GWh per year in 2010. The transfer losses increase by an average 2 GWh in 1994 
and by 23 GWh in 2010. These increases are a direct result of the increase in 
transfers across the lines.

5.8.2 Benefits of Increased Anchorage-Fairbanks Transfers

The annual savings associated with the increased Anchorage-Fairbanks transfers 
and reduced transmission losses are shown in Table 5-10. The expected annual net 
savings (adju' d for transfer losses) rise from $2.0 million in 1994 to $4.3 million in 
2010.

The present value of these savings discounted to 1994 at 4.5 percent is shown in 
Table 5-11. The present value of the average net benefits is $76.9 million. The 
benefits due to economy energy savings are $76.2 million; and the benefits due to 
increased gas royalty are $7.7 million. These benefits are offset by a loss of $7.0 
million from increased transmission losses.

Approximately half of the total benefits can be traced to the removal of the 
North Pole constraint. In other words, the analysis indicates that the inability to 
provide small economical increments of power in Fairbanks, when needed at times of 
full intertie loading, is very costly.

El (Ml
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CHANGE IN  ANCHORAGE-FAIRBANKS TRANSFERS DUE TO  
A SECOND HEALY-FAIRBANKS 138 KV LINE

Table 5-9

Assumptions

Scenario Fuel

Case l l  Low

Middle

High

Case 12 Low

Middle

High

Change in Economy Energy Transfer (GWh/yr)

South ------> North North ------ > Scuth
Change in  

Transmission Loss (GWh/yr)

Load 1994 2002 2010 1994 2002 2010 1994 2002 2010

Low 222.3 229.5 259.7 0 .0 0.0 0.0 26.6 33.1 39.7
Hiddle 206.5 199.7 228.9 0 .0 0.0 0.0 22.3 27.1 30.2
High 230.0 232.5 218.0 0 .0 0.0 0.0 29.3 37.2 24.2
Low 137.6 20.5 102.4 0 .0 0.0 0.0 1.0 -21. 1.5
Middle 124.9 39.1 146.9 0.0 0.0 0.0 - 0 .6 -17 .0 11.6
High 79.1 102.6 218.5 0.0 0.0 0.0 -1 1 .3 -1 .1 26.0
Low 32.1 37.3 156.0 0.0 0.0 0.0 -16 .1 -17.1 13.2
Middle 32.0 90.3 176.3 0.0 0.0 0.0 -1 5 .6 -4 .0 20.7
High 25.0 111.7 170.9 0.0 0.0 0.0 -20 .0 0.2 19.5
Low 222.3 229.5 277.9 0 .0 0.0 0.0 26.6 33.1 45.5
Middle 206.5 199.7 245.1 0.0 0.0 0.0 22.3 27.1 35.4
High 238.0 250.0 227.6 0.0 0.0 0.0 29.3 42.8 r*7.3
Low 137.8 20.6 103.1 0.0 0.0 0.0 1.0 -21 .7 1.7
Middle 124.9 39.2 148.0 0.0 0.0 0.0 -0 .6 -17 .0 12.0
High 79.2 103.3 218.8 0 .0 0.0 0.0 -1 1 .2 -0 .9 26.9
Low 32.1 37.3 156.7 0 .0 0.0 0.0 -16 .1 -17.1 13.4
Middle 32.0 90.3 177.4 0.0 0.0 0.0 -1 5 .6 - 4 .0 21.1
High 25.8 112.4 171.2 0.0 0.0 0.0 -1 9 .9 0.5 19.6

Table includes North Pole adjustment.
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ANNUAL TRANSFER BENEFITS DUE TO 
A SECOND HEALY-FAIRBANKS 138 KV LINE

Table 5-10

9*to

Assumptions
Increased Economy 

Energy Transfer (MS/Yr)
Reduced 

Transmission Loss (MS/Yr) Transfer
Net

Benef its "u>*-s.
t/VZ

Scenario Fuel Load 1994 2002 2010 1994 2002 2010 1994 2002 2010

Case i l  Low Low 3.3 3.0 4 .6 - 0 . 5 -0 .6 - 0 . 8 2.8 3.2 3.8
Middle 3.0 3.6 4.3 -0 .4 - 0 .5 -0 .7 2.6 3.1 3.7
High 3.1 4.3 4.6 - 0 .5 -0 .7 - 0 .5 2.6 3.6 4.1

Middle Low 1.6 1.1 3.3 - 0 .0 0.5 -0 .1 1.6 1.6 3.2
Middle 1.6 1.6 4.4 0.0 0.4 -0 .4 1.6 1.9 4.0
High 1.4 2.5 6.0 0.2 -0 .0 - 0 .9 1.6 2.5 5.1

High Low 1.3 1.4 4.2 0.3 0.4 - 0 .6 1.6 1.8 3.6
Middle 1.3 2.1 5.7 0.3 0.0 -0 .9 1 .6 2.1 4.8
High 1.3' 2.8 7.1 0.4 -0 .1 -0 .5 1.7 2.7 6.2

Case f2 Low Low 3.3 3.9 5.0 - 0 . 5 -0 .6 -1 .0 2.8 3,2 4,1
Middle 1 . 0 3.6 4.7 -0 .4 -0 .5 -0 .8 2 .6 3.1 3.9
High 3.1 4.6 4.8 - 0 .5 -0 .0 -0 .6 2 .6 3.8 4.2

Middle Low 1.6 1.1 3 .3 - 0 .0 0.5 -0 .1 1.6 1.6 3.2
Hiddle 1.6 1.6 4.5 0 .0 0.4 - 0 .5 1.6 1.9 4.0
High 1.4 2.5 6.0 0 .2 -0 .0 -0 .9 1.6 2.5 5.1

High Low 1.3 1.4 4.2 0 .3 0.4 -0 .6 1.6 1.8 3.6
Middle 1.3 2.1 5.7 0.3 0.0 -0 .9 1.6 2.1 4.8
High 1.3 2.0 7.1 0.4 -0 .1 -0 .9 1.7 2.7 6.2

1. M l  values are in  1S90 m i l l io n  d o l la rs .
2. P o s i t i v e  reduced transmission lo s se s  are savings .
3. Net Transfer Benef i ts  ■ Increased Economy Energy Transfer

+ Reduced Transmission Loss
4. Table includes North Pole adjustment.
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PRESENT VALUE OF TRANSFER BENEFITS DUE TO  
A SECOND HEALY-FAIRBANKS 138 KV L INE

Table 5-11

Increased
Assumptions Economy Reduced IncreasedNet

------------ -------------- Energy Trans. Gas Transfer
Scenario Fuel Load Transfer Losses Royalty Benef it s

Case #1 Low Low 84.9 -14 .5 10.0 80.3
Middle 82.7 -13 .5 9 .9 79.1
High 87.8 -11 .9 9.9 85.8

Middle Low 47 .6 2 .5 3.7 53.7
Middle 61.7 -1 .9 5.3 65.1
High 83.8 -7 .7 7.8 83.8

High Low 57.7 -1 .2 6.3 62.7
Middle 76.1 -5 .6 7.7 78.1
High 97.1 -6 .7 8.6 99.0

Case #2 Low Low 88.9 -15.8 10.3 83.4
Middle 87.1 -15 .0 10.4 82.5
High 90.7 -13 .0 10.2 88.0

Middle Low 47.7 2.4 3.7 53.8
Middle 61.9 -2 .0 5.3 65.2
High 84.0 -7 .8 7.8 83.9

High Low 57.8 -1 .3 6.3 62.8
Middle 76.4 -5 .8 7.7 78.3
High 97.2 -6 .8 8.6 99.0

Notes:

1. All  values are in  1990 m i l l io n  do l lars  (present
value for 1994 through 2043 discounted at 4 .5  %/yr)

2. Increased economy transfer  and reduced transmission
lo s s e s  include North Pole adjustment.
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S e c tio n  6 
B E N E F IT S  O F  IN C R E A S E D  C A PA C ITY  SH A R IN G

6.1 OVERVIEW

A new/upgraded intertie could allow two or more area* to share and/or increase 
sharing generation capacity. As a result, future investment in generation capacity 
could be deferred or avoided. This section describes the benefits of increased capacity 
sharing due to the proposed Kenai-Anchorage new intertie (KA138), the limited upgrade 
of the Anchorage-Fairbanks intertie (AF100), and the new Healy-Fairbanks intertie 
(AF138).

We start by presenting background concepts and graphical aids to introduce 
capacity-sharing benefits. This is followed by presentation of the Railbelt capacity 
surplus (expected mainly in Kenai and Fairbanks) and the Railbelt capacity shortage 
without new/upgraded interties (expected mainly in Anchorage). We then present the 
reduced Railbelt capacity shortage due to new/upgraded interties, dividing the 
reductions in shortage into deferral and avoidance categories. The total benefits of 
reduced Railbelt capacity shortage (i.e., benefits of capacity sharing) vary between $13.4 
and $35.7 million for the KA138, $7.6 and $9.9 million for the AF100, and $16.3 and 
$18.2 million for the AF138.

6.2 CAPACITY SHARING BENEFITS

Two types of capacity-sharing benefits due to new/upgraded interties are 
discussed in detail in this section: capacity deferral and capacity avoidance. Although 
there may be other possible benefits (see Section 6.10), these two types appear to be 
the most important and the most readily quantified.

A new or upgraded intertie between two areas provides a vehicle far the sharing 
of energy resources, such that a deficiency in one area might be overcome through use 
of another area’s resources. As is discussed in the following sections, the Railbelt will 
have a situation in the next decade where two areas (Kenai and Fairbanks) will have 
capacity surpluses, while another (Anchorage) will have a capacity shortage. Capacity 
deferral benefits are possible through increased transmission between the surplus and 
shortage areas.

IlMi
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Figure 6-1 shows how new intertie* would help defer needed capacity additions 
in Anchorage. The thick solid line reflects decreasing Anchorage available capacity for 
the period of 1994-2030, including retirements and excluding any new capacity. The 
thin solid line shows increasing capacity requirements, defined as load plus reserves, 
for the same period. Once capacity requirements become greater than available 
capacity, Anchorage would need to add capacity equaling that difference. The dashed 
line shows the capacity surplus available in Kenai and Fairbanks that is available to 
Anchorage through a new/upgraded intertie. The surplus in ‘hose areas is decreasing 
through time, and is reduced to zero before the end of the planning horizon; the impact 
of this temporary surplus is to delay, or defer, capacity additions in Anchorage. The 
shaded area shows benefits possible from the deferral of capacity additions, showing 
that deferral is only applicable when Anchorage has a capacity shortage.

MW
, Kenai and Fairbanks 
capacity surplus available to 
Anchorage through n e w  interties

Deferred capacity

Anchorage capacity 
requirements 
(toed and reserves)

Anchorage available 
capacity

(Includes retirements 
and no n e w  capac ity)

1994 Year £030

Figure 6-1. Capacity Deferral Benefits
The second type of capacity-sharing benefit possible from greater interconnection 

is capacity avoidance. This benefit is derived from the increase in reliability that the 
new or upgraded intertie provides to each area. The Railbelt utilities, like all utilities, 
set certain targets of reserve capacity margin to ensure sufficient delivery of power and 
energy. Such targets are generally a percentage of installed system capacity or load. 
A new/upgraded intertie provides another resource that a given area can rely on in the 
event of outages, unexpected loads, or other occurrences.

Figure 6-2 shows how one or more intertie could reduce capacity requirements. 
The solid line represents the capacity requirements of a given area. Including the 
intertiefs) will result in ar- additional resource that is available through the life of the 
interiiefs). The impact of the additional resource is a constant reduction in the 
capacity requirements of the area. If a shortage exists in this area (e.g. Anchorage) 
then this reduction contributes to an equivalent amount of avoided capacity additions.

KUMa
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Figure 6*2. Reduced Capacity Requirements

Figure 6-3 builds on Figure 6-1, displaying the avoided capacity benefit for 
Anchorage, which reduces required capacity starting in the first year of shortage in the 
Anchorage area. The shaded benefits of the new/upgraded interties in Figure 6-3 are 
derived from deferred and avoided capacity additions in the Anchorage area only.

Figure 6-4 shows how increased interconnection between Kenai and Anchorage, 
and Fairbanks and Anchorage could impact the surplus areas, which could then be 
translated to a benefit for the capacity short area. As shown in Figure 6-1, Kenai and 
Fairbanks have surpluses available to Anchorage through the interties, corresponding to 
the difference between the thick solid line and the dashed line in Figure 6-4 . Lower 
capacity requirements in Kenai and Fairbanks due to increased reliability, shown in 
Figure 6-2, further increases the surplus which will exist in Kenai and Fairbanks. 
This additional capacity surplus made available by Kenai and Fairbanks to Anchorage 
is the shaded portion of Figure 6-4. The result in Anchorage could be additional 
deferred capacity.

Figure 6-5 combines the two capacity-sharing benefits due to the proposed 
intertieo: avoided capacity and deferred capacity in Anchorage and additional surpluses 
in Kenai and Fairbanks, translating into additional deferred capacity in Anchorage (or 
alternatively, avoided new capacity in Fairbanks and Kenai).

ii IM­
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MW

Avoided capacity

1994 Year

Anchorage

capacity

requirements

Anchorage

available 

** capacity

2030

Figure 6-3. Avoided and Deferred Capacity Benefits

MW
Additional capacity 

surplus In Kenai 

a n d  Fairbanks

Kenai and Fairbanks 
capacity surplus available 
to Anchorage through n e w  Interties

1994 Year

Anchorage
available

capacity

2030
L o w e r  c a p a c i t y  r e q u i r e m e n t s  in  K e n a i  a n d  F a i r b a n k s  w o u l d  r e s u l t  
in  i n c r e a s e d  c a p a c i t y  s u r p l u s  t h a t  c a n  b e  s h a r e d  w i th  A n c h o r a g e

Figure 6-4. Increased Capacity Surplus From  Lower Capacity Requirements
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Figure 6-5. Total Capacity-Sharing Benefits

Capacity-sharing benefits due to the newfapgraded interties are integrated into a 
flow chart in Figure 6-6. Note that capacity-sharing benefits are not limited to 
capacity-short areas, since a surplus in one area can be used to alleviate shortages in 
other areas.

The following sections incorporate the concepts and benefits described in this 
section into a more detailed analysis of the capacity-sharing benefits of the proposed 
interties for the Railbelt.

6.3 RA ILBELT CAPACITY SURPLUS

Capacity surplus is local generation capacity in excess of required generation 
capacity. Local generation capacity is here defined as existing local capacity minus 
local capacity retirements.1 Required generation capacity is the sum of peak load and 
capacity reserve margin. Capacity reserve margin is a fraction of peak load. The 
following equations summarize the calculation of the capacity surplus.

Capacity Surplus * Local Capacity -  Required Capacity
Required Capacity * Peak Load + Capacity Reserve Margin
Capacity Reserve Margin = Fraction x Peak Load

1. For this analysis, capacity retirements a n  assumed to occur aa planned according to ntirement 
schedules. If lift extension or repo we ring of generating units wan assumed instead, existing capacity 
surpluses would persist over a longer time period; and the benefits of capacity sharing via interties would 
be dafamd and, as a result, reduced.

UNfe
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NEW INTERTIES
*

Figure 6*6. Capacity-Sharing Benefits fo r the Railbelt

According to the Alaska Intertie Agreement [1], the capacity reserve margin 
should be equal to thirty (30) percent of the annual peak load. Kenai is expected to 
have a capacity surplus of over 100 MW when Bradley Lake comes on line (expected in 
the fall of 1991); the Kenai surplus is expected to continue for at least 37 years.1 
Table 6-1 summarizes the Kenai capacity surplus for three load forecasts.*

The existing capacity in Fairbanks is also larger than the capacity requirements 
in Fairbanks. Fairbanks is expected to have a capacity surplus for the next 10 to 15 
years depending on load growth The current capacity surplus in Fairbanks is around 
100 MW. Table 6-2 summarizes the Fairbanks capacity surplus for the period 1994- 
2023 for all three load forecasts.

2. Th* capacity suiplua docr*a*ea ovtr tun* u  th* load grow* and a* g»n«ration capacity is r*dr*d.

3. Load growth for 2011 through 2028 waa baaed on tha growth rata of tha last five yaara of tha load 
forecast, ia., 2005 through 2010. Thii aaaumption had little impact on tha capacity d*f*rral b*n*fita 
calculated in th* following aaction*, ainoa 2006 waa tha last year for which thare waa a capacity sharing 
benefit (refer to Section* 6.5 and 6.6).

Blttta
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Table *>1

KENAI CAPACITY SURPLUS 
(MW)*

Load Growth

Year Low

1994 138
1995 139
1996 139
1997 139
1998 139
1999 139
2000 138
2001 138
2002 137
2003 137
2004 136
2005 131
2006 130
2007 111
2008 110
2009 109
2010 68
2011 . 66
2012 65
2013 63
2014 62
2015 61
2016 60
2017 58
2018 57
2019 56
2020 54
2021 53
2022 52
2023 50
2024 49
2025 48
2026 47
2027 45
2028 44

Medium High

124 120
121 116
121 115
120 114
120 113
119 l.\3
118 111
118 1 0
117 .  J7
116 105
115 103
109 96
107 95

87 76
86 73
84 72
43 30
40 23
39 27
38 25
36 24
35 23
34 22
33 20
31 19
30 18
29 16
27 15
26 14
25 12
23 11
22 10
21 9
20 7
18 6

•Based on a 30 percent planning reserve margin. Calculations assume that no Kenai 
capacity is moved to Anchorage.

11PM«
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Table 6-2 

FAIRBANKS CAPACITY SURPLUS*

Load Growth 

Year Low Medium High

1994 90 92 83
1995 38 89 78
1996 81 81 70
1997 77 77 64
1996 76 76 62
1999 76 74 60
2000 68 66 49
2001 49 46 31
2002 4 2 0
2003 3 0 0
2004 2 0 0
2005 0 0 0
2006 0 0 0
2007 0 0 0
2008 0 0 0
2009 0 0 0
2010- 0 0 0
2011 0 0 0
2012 0 0 0
2013 0 0 0
2014 0 0 0
2015 0 0 0
2016 0 0 0
2017 0 0 0
2018 0 0 0
20.19 0 0 0
2020 0 0 0
2021 0 0 0
2022 0 0 0
2023 0 0 0
2024 0 0 0
2025 0 0 0
2026 0 0 0
2027 0 0 0
2028 0 0 0

*Based on a 30 percent planning reserve margin.

UM 4*
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Anchorage has a current capacity surplus of around 300 MW. However, because 
of planned capacity retirements and projected load growth, the Anchorage capacity 
surplus is expected to disappear as early as 1995. Capacity surplus in Kenai and 
Fairbanks is therefore expected to persist longer than capacity rvxplus in Anchorage. 
As a result, there will be no benefit from sharing the Anchorage capacity surplus with 
Kenai and Fairbanks, both of which will have their own local surplus longer than 
Anchorage will. However, there will be benefit realized from sharing the Kenai and 
Fairbanks surplus with Anchorage after a capacity shortage develops in Anchorage.

6.4 RAILBELT CAPACITY SHORTAGE WITHOUT NEW/UPGRADED 
INTERTIES

Capacity shortage is required generation capacity in excess of available capacity. 
For Kenai and Fairbanks, available capacity equals local capacity. For Anchorage, 
available capacity equals local capacity plus other capacity accessible through 
transmission lines. In other words, Anchorage can draw on surplus in Kenai and 
Fairbanks to alleviate an Anchorage shortage. However, neither Kenai nor Fairbanks 
can draw on surplus in Anchorage, for there is none when Kenai and Fairbanks 
experience shortages.

6.4.1 Kenai Capacity Shortage

Kenai is expected to have a capacity surplus until at least 2028. Table 6-3 
illustrates the expected local capacity in Kenai between 1994 and 2028 and the 
corresponding capacity shortage, which is zero for all three load forecasts through the 
entire study period.

6.4.2 Fairbanks Capacity Shortage

Fairbanks is expected to have a capacity surplus for the next 10 to 15 years. 
Depending on the load forecast, Fairbanks is expected to start having a capacity 
shortage between 2002 and 2005. Table 6-4 illustrates the expected local capacity in 
Fairbanks between 1994 and 2028 and the corresponding capacity shortage for all three 
load forecasts.

RltM*
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Table 6-3 

KENAI CAPACITY SHORTAGE

L oad  G r ow th  : Low Load  G r ow t h  : Medium Lo ad  G r ow th  : H i g h

a r

L o c a l
C a p a c i t y

(MM)
Load
(MW)

C a p a c i t y  C a p a c i t y  
R e q u i r ' t  S h o r t a g e  

(MW) (HW>
Lo ad
(MW)

C a p a c i t y  
R e q u i r ' t  

(MW)

C a p a c i t y
S h o r t a g e

(MW)
Load
(MW)

C a p a c i t y  C a p a c i t y  
R e q u i r ' t  S h o r t a g e  

(MW) (M4)

1 9 9 4 2 2 3 65 85 0 7 6 9 9 0 8 0 103 0
1 9 9 5 2 2 0 62 81 0 7 6 99 0 8 0 104 0
1 9 9 6 2 2 0 62 81 0 76 99 0 8 0 10 5 0
1 9 9 7 *>20 62 81 0 77 10 0 0 8 2 10 6 0
1 9 9 8 2 2 0 63 81 0 77 100 0 8 2 10 7 0
1 9 9 9 2 2 0 63 81 0 78 101 0 8 3 107 0
2 0 0 0 2 2 0 63 8 2 0 78 102 0 84 1 0 9 0
2 0 0 1 2 2 0 63 82 0 7 9 10 2 0 8 5 1 1 0 0
2 0 0 2 2 2 0 64 8 3 0 7 9 103 0 8 7 1 1 3 0
2 0 0 3 2 2 0 64 83 0 7 104 0 8 8 1 1 5 0
2 0 0 4 2 2 0 64 84 0 ^1 10 5 0 90 1 1 7 0
2 0 0 5 2 1 5 65 84 0 0 2 1 0 6 0 91 1 1 9 0
2 0 0 6 2 1 5 66 85 0 R3 10 8 0 92 1 2 0 0
2 0 0 7 19 7 6 6 86 0 84 1 1 0 0 93 121 0
2 0 0 8 1 9 7 67 87 0 8 5 111 0 9 5 124 0
2 0 0 9 19 7 68 88 0 8 7 11 3 0 9 6 1 2 5 0
2 0 1 0 1 5 7 68 8 9 0 8 8 114 0 97 1 2 7 0
2 0 1 1 1 5 6 69 90 0 8 9 11 6 0 98 12 8 0
2 0 1 2 1 5 6 70 91 0 90 11 7 0 99 1 2 9 0
2 0 1 3 15 6 71 93 0 91 118 0 1 0 0 131 0
2 0 1 4 1 5 6 72 94 0 9 2 120 0 101 1 3 2 0
2 0 1 5 15 6 73 95 0 9 3 121 0 1 0 2 133 0
2 0 1 6 1 5 6 74 96 0 94 12 2 0 103 134 0
2 0 1 7 15 6 75 98 9 5 123 0 104 1 3 6 0
2 0 1 8 1 5 6 76 9 0 0 9 6 125 0 105 1 3 7 0
2 0 1 9 1 5 6 77 1 0 0 0 9 7 12 6 0 10 6 138 0
2 0 2 0 1 5 6 78 1 0 2 0 9 8 127 0 107 1 4 0 0
2 0 2 1 1 5 6 7 9 1 0 3 0 9 9 12 9 0 10 8 141 0
2 0 2 2 1 5 6 8 0 10 4 0 1 0 0 130 0 1 0 9 1 4 2 0
2 0 2 3 1 5 6 81 1 0 6 0 101 131 0 1 1 0 14 4 0
2 0 2 4 1 5 6 82 1 0 7 0 1 0 2 133 0 111 1 4 5 0
2 0 2 5 1 5 6 83 1 0 8 0 103 134 0 112 1 4 6 0
2 0 2 6 1 5 6 84 1 0 9 0 104 135 0 113 14 7 0
2 0 2 7 1 5 6 85 111 0 1 0 5 136 0 114 1 4 9 0
2 0 2 8 156 86 1 1 2 0 1 0 6 138 0 115 150 0

Capacity requirem ents a re  based on a  30 percent capacity reserve m argin.
Capacity shortage, if any, for Kenai = Kenai Capacity Requirem ent - Kenai Local Capacity



6-11

Table 6-4

FAIRBANKS CAPACITY SHORTAGE

L o a d  G r ow t h  : Low Lo ad  G r ow th  : Medium Load  G r ow t h  : H i g h

L o c a l C a p a c i t y  C a p a c i t y C a p a c i t y  C a p a c i t y C a p a c i t y  C a p a c i t y
C a p a c i t y L o a d R e q u l r ' t S h o r t a g e Lo ad R e q u l r ' t S h o r t a g e L o ad R e q u l r ' t S h o r t a g e

(HH) (MW) (MW) (MW) (MW) (MW) (MW) (MW) (MW) (MW)

1 9 9 4 2 4 5 1 1 9 1 5 5 0 1 1 8 153 0 12 5 16 2 0
1 9 9 5 2 4 3 1 1 9 1 5 5 0 1 1 9 154 0 127 1 6 5 0
19 * 2 3 6 1 1 9 1 5 5 0 1 1 9 155 0 12 8 1 6 6 0
1' 2 3 3 1 2 0 1 5 6 0 12 0 156 0 13 0 1 6 9 0
15'. 2 3 3 121 1 5 7 0 121 157 0 13 2 1 7 1 0
1 9 9 9 2 3 3 121 1 5 7 0 1 2 2 159 0 133 1 7 3 0
2 0 0 0 2 2 6 121 1 5 8 0 12 3 160 0 13 6 1 7 7 0
2 0 0 1 2 0 8 12 2 1 5 9 0 1 2 5 162 0 136 1 7 7 0
2 0 0 2 1 6 5 124 16 1 0 1 2 6 163 0 141 18 3 18
2 0 0 3 1 6 5 1 2 5 1 6 2 0 1 2 7 165 0 143 1 8 5 20
2 0 0 4 1 6 5 1 2 6 1 6 3 0 1 2 9 167 2 14 6 19 0 25
2 0 0 5 1 4 5 12 7 1 6 5 2 0 131 170 2 5 152 197 52
2 0 0 6 61 12 8 1 6 7 1 0 6 13 3 173 1 1 2 157 2 0 5 144
2 0 0 7 0 130 1 6 9 1 6 9 1 3 6 177 1 7 7 157 2 0 4 2 0 4
2 0 0 8 0 1 3 2 1 7 2 17 2 1 3 9 180 1 8 0 15 8 2 0 6 2 0 6
2 0 0 9 0 13 3 1 7 3 173 141 183 1 8 3 1 6 0 2 0 8 2 0 8
2 0 1 0 0 13 5 1 7 6 17 6 1 4 3 187 1 8 7 163 2 1 2 2 1 2
2 0 1 1 0 1 3 6 1 7 7 177 1 4 5 189 1 8 9 1 6 6 2 1 6 2 1 6
2 0 1 2 1 137 1 7 9 17 9 1 4 7 192 1 9 2 1 6 9 2 2 0 2 2 0
2 0 1 3 0 138 1 8 0 180 1 4 9 194 194 1 7 2 2 2 4 2 2 4
2 0 1 4 0 1 3 9 1 8 1 181 15 1 197 1 9 7 1 7 5 2 2 8 2 2 8
2 0 1 5 0 1 4 0 1 8 3 183 15 3 2 0 0 2 0 0 1 7 8 2 3 2 2 3 2
2 0 1 6 0 141 1 8 4 184 1 5 5 2 0 2 2 0 2 181 2 3 6 2 3 6
2 0 1 7 0 14 2 1 8 5 18 5 15 7 2 0 5 2 0 5 184 2 4 0 2 4 0
2 0 1 8 0 14 3 1 8 6 186 1 5 9 2 0 7 2 0 7 18 7 24 4 2 4 4
2 0 1 9 0 144 1 8 8 188 161 2 1 0 2 1 0 1 9 0 2 4 8 2 4 8
2 0 2 0 0 1 4 5 1 8 9 1 8 9 1 6 3 2 1 3 2 1 3 1 9 3 25 1 2 5 1
2 0 2 1 0 1 4 6 1 9 0 190 1 6 5 2 1 5 2 1 5 1 9 6 2 5 5 2 5 5
2 0 2 2 0 1 4 7 1 9 ? 19 2 1 6 7 2 1 8 2 1 8 1 9 9 2 5 9 2 5 9
2 0 2 3 0 1 4 8 1 * 3 193 1 6 9 2 2 0 2.70 2 0 2 2 6 3 2 6 3
2 0 2 4 0 1 4 9 19 4 194 171 2 2 3 2\'3 2 0 5 2 6 7 2 6 7
2 0 2 5 0 1 5 0 1 9 6 19 6 17 3 2 2 6 2 2 6 2 0 8 271 2 7 1
2 0 2 6 0 151 1 9 7 19 7 1 7 5 2 2 8 2 2 8 2 1 1 2 7 5 2 7 5
2 0 2 7 0 1 5 2 19 8 1 9 8 17 7 2 3 1 2 3 1 2 1 4 2 7 9 2 7 9
2 0 2 8 0 1 5 3 1 9 9 1 9 9 17 9 2 3 3 2 3 3 2 1 7 28 3 2 8 3

Capacity requirem ents are baaed on a SO percent capacity reserve m argin.
Capacity shortage, i f  any, for Fairbanks = F airbanks Capacity R equirem ent - Fairbanks Local Capacity
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6.4.3 Anchorage Capacity Shortage

While the existing capacity surplus in Anchorage may disappear as early as 
1995, capacity shortages !n Anchorage may not occur until 1996 or 1997. The reason 
for this time lag between capacity surplus and capacity shortage in Anchorage is the 
existing transmission lines that make surplus capacity in Kenai and Fairbanks 
accessible in Anchorage. A capacity shortage exists in Anchorage only if the Anchorage 
capacity requirements exceed the sum of the Anchorage local capacity and the capacity 
surplus in Kenai and Fairbanks accessible in Anchorage.

The Kenai capacity surplus that is accessible in Anchorage is the m in im um  of 
the Kenai capacity surplus and the capacity of the Kenai-Anchorage line. Two 
estimates of the current transfer limit on the Kenai-Anchorage line have been used to 
calculate the capacity shortage in Anchorage (and later to calculate benefits from the 
KA138). Case 1 assumes a 60 MW existing transfer limit, based on Anchorage 
delivery, while Case 2 rises 88 MW as the existing limit.

The Fairbanks capacity surplus that is accessible in Anchorage is the minimum 
of the Fairbanks capacity surplus ancl the capacity of the Anchorage-Fairbanks line 
(currently 62 MW, based on Anchorage delivery). Table 6-5 illustrates the expected 
local capacity in Anchorage between 11994 and 2028 and the corresponding capacity 
shortage for the three load forecasts.

6.5 CAPACITY DEFERRAL DUE TO NEW/UPGRADED INTERTIES

This section outlines the reductions in capacity shortages due to the proposed
u.terties, accounting for the advantages of deferring capacity additions in one area 
through utilization of currently forecasted surpluses in other' areas. Section 6.7 
describes shortage reductions through capacity avoidance.

Due to some variability reported for the transfer limits of the existing and 
proposed interties, two cases corresponding to different transfer scenarios have been 
used to bound capacity deferral benefits of the new/upgraded interties.

UHh
6-12
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Table 6-5

ANCHORAGE CAPACITY SHORTAGE—CASE 1

Load G r ow th  ; Low L o a d  G r ow th  : Medium Load G r ow th  : H ig h

a r

L o c a l
C a p a c i t y

(MM)
Load
(MH)

C a p a c i t y  C a p a c i t y  
R e q u i r ' t  S h o r t a g e  

(MW) (MW)
Load
(MW)

C a p a c i t y
R e q u i r ' t

(MW)

C a p a c i t y
S h o r t a g e

(MW)
Load
(MW)

C a p a c i t y  C a p a c i t y  
R e q u i r ' t  S h o r t a g e  

(MW) (MW)

19 94 6 3 3 3 0 3 4 9 0 0 3 8 6 5 0 2 0 4 0 4 5 2 5 0
1 9 9 5 4 9 9 3( i2 4 9 7 0 3 9 0 5 0 7 0 4 0 7 5 2 9 0
1 9 9 6 3 7 9 30 1 4 9 5 0 3 9 2 5 1 0 9 41 1 5 3 4 3 3
1 9 9 7 3 4 7 301 4 9 5 2 6 3 9 3 5 1 0 41 4 1 7 54 3 74
1 9 9 0 3 2 8 3 0 0 4 9 4 44 3 9 6 5 1 5 65 4 2 3 5 5 0 101
1 9 9 9 1 1 7 3 0 0 4 9 4 2 5 5 401 5 2 2 2 0 3 4 30 5 5 9 3 2 2
2 0 0 0 1 1 7 3 0 0 4 9 4 2 5 5 4 0 5 5 2 7 2 0 0 4 3 8 5 6 9 3 4 3
2 0 0 1 1 1 7 3 0 2 4 9 7 2 7 1 41 1 53 4 311 4 4 7 5 8 1 3 7 3
2 0 0 2 1 1 7 3 0 5 501 3 2 0 4 1 6 5 4 0 361 4 5 5 5 9 2 4 1 5
2 0 0 3 1 1 7 3 8 9 5 0 6 3 2 6 4 2 2 5 4 9 372 4 6 5 6 0 4 4 2 7
2 0 0 4 1 1 7 3 9 3 51 1 3 3 2 4 3 0 5 5 9 30 2 4 7 5 6 1 8 4 4 1
2 0 0 5 1 1 7 3 9 7 5 1 5 3 3 8 4 3 8 5 7 0 39 3 4 8 3 6 2 8 4 5 1
2 0 0 6 1 1 7 4 0 1 5 2 2 3 4 5 4 4 8 5 8 3 4 0 6 4 9 4 6 1 2 4 6 5
2 0 0 7 1 1 7 4 0 6 5 2 8 3 5 1 4 6 0 5 9 8 421 5 0 4 6 5 5 4 7 8
2 0 0 0 1 1 7 41 1 5 3 4 3 5 7 471 6 1 2 4 3 5 5 1 3 6 6 6 4 6 9
2 0 0 9 3 0 4 1 6 5 4 1 4 5 1 4 8 2 6 2 7 53 7 52.0 6 7 6 5 0 6
2 0 1 0 5 4 2 2 5 4 9 4 8 4 494 6 4 2 594 5 3 2 6 9 1 6 5 6
2 0 1 1 5 4 2 7 5 5 5 4 9 0 504 6 5 5 6 0 9 5 4 2 7 0 4 67 1
2 0 1 2 5 4 3 2 5 6 2 4 9 7 51 4 6 6 8 624 5 5 2 7 1 7 6 0 5
2 0 1 3 5 4 3 7 5 6 8 5 0 3 524 6 8 1 6 3 0 5 6 2 7 3 0 7 0 0
2 0 1 4 5 4 4 2 5 7 5 5 1 0 53 4 6 9 4 65 2 5 7 2 7 4 3 7 1 4
2 0 1 5 5 4 4 7 se i 5 1 6 544 7 0 7 66 7 5 0 2 7 5 6 7 2 8
2 0 1 6 5 4 5 2 5 0 8 5 2 3 55 4 7 2 0 601 5 9 2 7 6 9 7 4 3
2 0 1 7 5 4 5 7 59 4 5 3 1 56 4 7 3 3 69 5 6 0 2 7 8 2 7 5 7
2 0 1 0 5 4 62 601 5 3 9 57 4 7 4 6 71 0 6 1 2 7 9 5 77 1
2 0 1 9 5 4 6 7 6 0 7 5 4 7 58 4 7 5 9 724 6 2 2 8 0 8 7 8 6
2 0 2 0 5 4 7 2 6 1 1 5 5 4 594 7 7 2 73e 6 3 2 8 2 1 0 0 0
2 0 2 1 5 4 7 7 6 2 0 5 6 2 60 4 7 8 5 752 6 4 2 8 3 4 8 1 4
2 0 2 2 5 4 0 2 6 2 7 5 7 0 61 4 7 9 8 7 6 7 6 5 2 6 4 7 6 2 8
2 0 2 3 5 4 8 7 6 3 3 5 7 8 624 8 1 1 70 1 6 6 2 8 6 0 8 4 3
2 0 2 4 5 4 9 2 6 4 0 5 8 6 63 4 0 2 4 7 9 5 6 7 2 8 7 3 8 5 7
2 0 2 5 5 4 9 7 6 4 6 5 9 3 64 4 8 3 7 0 1 0 6 0 2 8 0 6 8 7 1
2 0 2 6 5 5 0 2 6 5 3 6 0 1 65 4 8 5 0 824 6 9 2 0 9 9 6 8 6
2 0 2 7 5 5 0 7 6 5 9 6 0 9 66 4 0 6 3 8 3 8 7 0 2 9 1 2 9 0 0
2 0 2 0 5 5 1 2 6 6 6 6 1 7 674 0 7 6 8 5 3 7 1 2 9 2 5 9 1 4

Capacity requirem ents are based on a  30 percent capacity reserve m argin.
Capacity shortage, if  any, for Anchorage * Anchors** Capacity Requirem ents

— Anchorage Local Capacity
— Surplus in Kenai and Fairbanks Accessible via Transmission Lines



Table 6-5

ANCHORAGE CAPACITY SHORTAGE—CASE 2

Lo ad  G r ow t h  i Low L o ad  G r ow t h  : Medium Load  G r ow th  : H igh

L o c a l
C a p a c i t y

(MW)
Lo ad
(MW)

C a p a c i t y  
R e q u l r ' t  

(MW)

C a p a c i t y
S h o r t a g e

(MW)
Load
(MW)

C a p a c i t y  C a p a c i t y  
R e q u i r ' t  S h o r t a g e  

(MW) (MW)
Lo ad
(MW)

C a p a c i t y  C a p a c i t y  
R e q u i r ' t  S h o r t a g e  

(MW) (MW)

1 9 9 4 6 3 3 38 3 4 9 8 0 3 8 6 50 2 0 40 4 5 2 5 0
1 9 9 5 4 9 9 38 2 4 9 7 0 3 9 0 50 7 0 4 0 7 5 2 9 0
1 9 9 6 3 7 9 38 1 4 9 5 0 3 9 2 5 1 0 0 4 1 1 53 4 5
1 9 9 7 3 4 7 381 4 9 5 0 3 9 3 5 1 0 13 4 1 7 5 4 3 46
1 9 9 8 3 2 8 3 8 0 4 9 4 16 3 9 6 5 1 5 37 4 2 3 5 5 0 73
1 9 9 9 1 1 7 3 8 0 4 9 4 2 2 7 40 1 5 2 2 2 5 5 4 3 0 5 5 9 2 9 4
2 0 0 0 1 1 7 3 8 0 4 9 4 2 2 7 4 0 5 5 2 7 2 6 0 4 3 8 5 6 9 3 1 5
2 0 0 1 1 1 7 3 8 2 4 9 7 2 4 3 41 1 53 4 2 8 3 4 4 7 581 3 4 5
2 0 0 2 11 7 3 8 5 5 0 1 2 9 2 4 1 6 5 4 0 3 3 3 4 5 5 5 9 2 3 8 7
2 0 0 3 11 7 3 8 9 5 0 6 2 9 8 4 2 2 5 4 9 34 4 4 6 5 604 3 9 9
2 0 0 4 11 7 3 9 3 5 1 1 3 0 4 4 3 0 5 5 9 3 5 4 4 7 5 6 1 8 4 1 3
2 0 0 5 1 1 7 3 9 7 5 1 5 3 1 0 4 3 8 5 7 0 3 6 5 4 8 3 6 2 8 4 2 3
2 0 0 6 1 1 7 40 1 5 2 2 3 1 7 4 4 8 5 8 3 3 7 8 4 9 4 6 4 2 4 3 7
2 0 0 7 1 1 7 4 0 6 5 2 8 3 2 3 4 6 0 5 9 8 3 9 3 5 0 4 6 5 5 4 6 3
2 0 0 8 1 1 7 4 1 1 5 3 4 3 2 9 471 6 1 2 4 0 9 5 1 3 6 6 6 4 7 6
2 0 0 9 3 0 4 1 6 5 4 1 4 2 3 4 8 2 6 2 7 5 1 3 5 2 0 6 7 6 5 7 4
2 0 1 0 5 4 2 2 5 4 9 4 7 5 494 6 4 2 59 4 5 3 2 691 6 5 6
2 0 1 1 5 4 2 7 5 5 5 4 8 4 504 6 5 5 6 0 9 5 4 2 704 6 7 1
2 0 1 2 5 4 3 2 5 6 2 4 92 514 6 6 8 6 2 4 5 5 2 7 1 7 6 8 5
2 0 1 3 5 4 3 7 5 6 8 5 0 0 524 681 6 3 8 5 6 2 7 3 0 7 0 0
2 0 1 4 5 4 4 2 5 7 5 5 0 8 534 69 4 6 5 2 5 7 2 7 4 3 7 1 4
2 0 1 5 5 4 4 7 5 8 1 5 1 5 544 7 0 7 6 6 7 5 8 2 7 5 6 7 2 8
2 0 1 6 5 4 5 2 5 8 8 5 2 3 554 7 2 0 68 1 5 9 2 7 6 9 7 4 3
2 0 1 7 5 4 57 5 9 4 53 1 564 7 3 3 6 9 5 6 0 2 7 8 2 7 5 7
2 0 1 8 5 4 62 6 0 1 5 3 9 574 7 4 6 7 1 0 6 1 2 7 9 5 7 7 1
2 0 1 9 5 4 6 7 6 0 7 5 4 7 584 7 5 9 72 4 6 2 2 8 0 8 7 8 6
2 0 2 0 5 4 7 2 6 1 4 5 5 4 594 77,1 7 3 8 6 3 2 8 2 1 8 0 0
2 0 2 1 5 4 7 7 6 2 0 5 6 2 604 7P,5 7 5 2 6 4 2 83 4 8 1 4
2 0 2 2 5 4 8 2 6 2 7 5 7 0 614 7 9 8 7 6 7 6 5 2 8 4 7 8 2 8
2 0 2 3 5 4 8 7 6 3 3 5 7 8 624 8 1 1 78 1 6 6 2 8 6 0 8 4 3
2 0 2 4 5 4 92 6 4 0 5 8 6 63 4 8 2 4 7 9 5 6 7 2 87,3 8 5 7
2 0 2 5 5 4 97 6 4 6 5 9 3 644 8 3 7 8 1 0 6 8 2 8 8 6 8 7 1
2 0 2 6 5 5 0 2 6 5 3 60 1 654 8 5 0 8 2 4 6 9 2 8 9 9 8 8 6
2 0 2 7 5 5 0 7 6 5 9 6 0 9 66 4 8 6 3 8 3 8 7 0 2 9 1 2 9 0 0
2 0 2 8 5 5 1 2 6 6 6 6 1 7 674 8 7 6 8 5 3 7 1 2 9 2 5 914

C apacity  requirem ents are  baaed on a  30 percent capacity  reserve margin.
Capacity shortage, if any, for Anchorage -  Anchorage Capacity Requirem ents

— Anchorage Local Capacity
— Surp lus in  Kenai and F airbanks Accessible via Transm ission Lines
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8J5.1 Kenai-Anchorage New Intertie (KA138)

*he new Kenai-Anchorage intertie would allow Anchorage to use the capacity 
Burplus in Kenai without the 60 to 88 MW transfer limit that exists today.4 The 
combined Kenai-Anchorage area would include the capacity resources of the two areas 
to meet the capacity requirements of the combined area, recognizing that the intertie 
might constrain some sharing of resources. The Kenai-Anchorage area could also rely 
on capacity surplus in Fairbanks to the extent that this surplus is less than the 
transfer capacity of the existing Anchorage-Fairbanks line (62 MW, based on Anchorage 
delivery). The KA138 line would therefore allow Anchorage to use the capacity surplus 
in Kenai up to the transfer limit of the line, and correspondingly reduce capacity 
shortages in Anchorage. Table 6-6 illustrates the capacity shortages in the 
Kenai/Anchorage combined area for all three load forecasts.

The capacity shortage in tbs Kenai/Anchorage combined area (case with new 
intertie) is less than or equal to the sum of the capacity shortages in the two areas 
(case without new intertie). For example, consider the situation in Anchorage for 
Case 1, where the existing transfer limit between Anchorage and Kenai is 60 MW. In 
Table 6-5 (Case 1), there is a 65 MW capacity shortage in Anchorage for the middle 
load growth forecast in 19386 and a 15 MW capacity shortage in the Anchorage/Kenai 
combined area (Table 6-6). Therefore, the new Kenai-Anchorage intertie would reduce 
the capacity shortage in 1998 by 50 MW (65 MW • 15 MW) for the middle load fore­
cast. This reduced capacity shortage is due to the fact that the new intertie would 
allow Anchorage to use 110 MW of the 120 MW surplus _a Kenai in 1998 (refer to 
Table 6-1); only 60 MW would be used without the new intertie. Table 6-7 illustrates 
the reduced Kenai/Anchorage capacity shortages due to the KA138. Note that the 
reductions never exceed the increase in the transfer limit (50 MW for Case 1, 22 MW 
for Case 2).

According to Table 6-7, the Kenai/Anchorage capacity shortages are reduced 
between 1996 and 2015; no capacity shortage reductions are identified after 2015. 
Therefore, these reduced shortages represent deferred capacity additions rather than 
avoided capacity additions. Avoided capacity additions could be accomplished since the 
KA138 could reduce the capacity reserve margin of the Kenai/Anchorage area; these 
reductions are outlined in Sections 6.7 and 6.8 .

4. Th* transfer limit for th* new intarti# would be 110 MW adjusted for transmission loaaes. Th* existing 
limit h u  been reported u  both 60 MW and S3 MW, which constitute Caae 1 and Case 2, respectively.

5. There is no capacity shortage in Kenai in 1993.

a n t e *
6-15



Table 6-6

KENAI/ANCHORAGE CAPACITY SHORTAGE
Lo ad  G r ow t h  : Low L o a d  G row th  : Medium Load G r ow th  : H igh

K e n a i /
A n c h o r a g e
C a p a c i t y

(MW)
L oad
(MW)

C a p a c i t y  
K e q u l r ' t  

(MW)

C a p a c i t y
S h o r t a g e

(MW)
Load
(MW)

C a p a c i t y  
K e q u l r ' t  

(MW)

C a p a c i t y
S h o r t a g e

(MW)
Load
(MW)

C a p a c i t y  C a p a c i t y  
R e q u i r ' t  S h o r t a g e  

(MW) (MW)

19 94 8 5 6 4 4 8 5 8 2 0 4 6 2 601 0 484 6 2 9 0
1 9 9 5 7 1 9 4 4 5 5 7 8 0 4 6 6 60 6 0 48 7 6 3 3 0
1 9 9 6 5 9 9 4 4 3 5 7 6 0 4 6 8 60 9 0 491 6 3 9 0
1 9 9 7 5 6 7 4 4 3 5 7 6 0 4 6 9 61 0 0 4 9 9 6 4 8 24
1 9 9 8 5 4 8 4 4 2 5 7 5 0 4 7 3 615 15 5 0 5 6 5 7 51
1 9 9 9 3 3 7 4 4 3 5 7 5 2 0 5 4 7 9 623 2 3 3 5 1 3 6 6 6 2 7 2
2 0 0 0 3 3 7 4 4 3 5 7 6 2 0 5 4 8 4 62 9 2 3 8 5 2 1 6 7 8 2 9 3
2 0 0 1 3 3 7 4 4 5 5 7 9 22 1 4 8 9 63 6 2 6 1 5 3 2 6 9 1 3 2 3
2 0 0 2 3 3 7 4 4 9 5 8 4 2 7 0 4 9 5 643 311 5 4 2 7 0 5 3 6 8
2 0 0 3 33 7 4 5 3 5 8 9 2 7 6 5 0 2 653 3 2 2 5 5 3 7 1 9 3 8 2
2 0 0 4 3 3 7 4 57 59 4 2 8 2 5 1 1 664 3 3 2 5 6 6 7 3 5 3 9 8
2 0 0 5 3 3 2 4 6 1 6 0 0 2 8 8 5 2 0 6 7 6 344 5 7 5 7 4 7 4 1 5
2 0 0 6 3 3 2 4 6 7 6 0 7 2 9 5 53 1 691 3 5 9 5 8 6 7 6 2 4 3 0
2 0 0 7 314 4 7 2 6 1 4 30 1 54 4 70 7 3 9 3 5 9 7 7 7 7 4 6 3
2 0 0 8 314 4 7 8 6 2 1 3 0 7 5 5 6 72 3 4 0 9 6 0 8 7 9 0 4 7 6
2 0 0 9 2 2 7 4 8 4 6 2 9 4 0 2 5 6 9 740 5 1 3 6 1 6 80 1 574
2 0 1 0 162 4 90 6 3 7 4 7 5 5 8 2 7 5 6 594 6 2 9 8 1 8 6 5 6
2 0 1 1 161 4 9 6 6 4 5 4 8 4 5 9 3 7 7 0 6 0 9 6 4 0 8 3 2 671
2 0 1 2 161 5 0 2 6 5 3 4 9 2 ’  60 4 78 5 624 6 5 1 8 4 6 6 8 5
2 0 1 3 161 5 0 8 66 1 5 0 0 6 1 5 7 9 9 6 3 8 6 6 2 8 6 1 7 0 0
2 0 1 4 161 5 1 4 6 6 9 5 0 8 6 2 6 8 1 3 6 5 2 6 7 3 8 7 5 7 1 4
2 0 1 5 161 5 2 0 6 7 6 5 1 5 6 3 7 82 8 66 7 6 8 4 6 8 9 7 2 8
2 0 1 6 161 5 2 6 684 5 2 3 6 4 8 8 4 2 681 6 9 5 904 7 4 3
2 0 1 7 161 5 3 2 6 9 2 531 6 5 9 8 5 6 69 5 7 0 6 9 1 8 7 5 7
2 0 1 8 161 5 3 8 7 0 0 5 3 9 6 7 0 871 7 1 0 7 1 7 9 3 2 77 1
2 0 1 9 161 5 4 4 7 0 8 5 4 7 681 8 8 5 72 4 7 2 8 9 4 7 7 8 6
2 0 2 0 161 5 5 0 7 1 5 5 5 4 6 9 2 8 9 9 7 3 8 7 3 9 96 1 8 0 0
2 0 2 1 161 5 5 6 7 2 3 5 6 2 7 0 3 9 1 3 7 5 2 7 5 0 9 7 5 814
2 0 2 2 161 5 6 2 731 5 7 0 714 9 2 8 7 6 7 7 6 1 9 8 9 8 2 8
2 0 2 3 161 5 6 8 7 3 9 5 7 8 7 2 5 9 4 2 781 7 7 2 1 0 0 4 8 4 3
2 0 2 4 161 5 7 4 7 4 7 5 8 6 7 3 6 9 5 6 7 9 5 7 8 3 1 0 1 8 8 5 7
2 0 2 5 161 5 8 0 754 5 9 3 7 4 7 971 8 1 0 7 9 4 1 0 3 2 8 7 1
2 0 2 6 161 5 8 6 7 6 2 6 0 1 7 5 8 9 8 5 824 8 0 5 1 0 4 7 8 8 6
2 0 2 7 161 5 9 2 7 7 0 6 0 9 7 6 9 9 9 9 83 8 8 1 6 1 0 6 1 9 0 0
2 0 2 8 161 5 9 8 7 7 8 6 1 7 7 8 0 1014 8 5 3 8 2 7 1 0 7 5 914

The Kenai/Anchoragc Capacity (Second column) is the  sum of the two a rea ’s capacities which, due to  transm ission limit*, may no t serve an equal 
am ount of load.

Capacity requirem ent* are  based on a  30 percent capacity reserve margin.
Capacity shortage, if  any, for Kenai/Anchorage area  -j Kenai/Anchorage Capacity Requirements

— Kenai/Anchorage Capacity
— Surplus in Fairbanks Accessible via Existing Anchorage/Fairbanks Lines
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Table 6-7

REDUCED KENAI/ANCHORAGE CAPACITY SHORTAGE 
DUE TO KENAI-ANCHORAGE NEW INTERTIE

(MW)

CASS 1 CASK 2
Load Growth

ir Low Medium High

1994 0 0 0
1995 0 0 0
1996 0 9 33
1997 26 41 50
1998 44 50 50
1999 50 50 50
2000 50 50 50
2001 50 50 50
2002 50 50 47
2003 50 50 45
2004 50 50 43
2005 50 49 36
2006 50 47 35
2007 50 27 16 .
2008 50 26 13 ’
2009 49 24 12
2010 8 0 0
2011 6 0 0
2012 5 0 0
2013 3 0 0
2014 2 0 0
2015 1 0 0
2016 0 0 0
2017 0 0 0
2018 0 0 0 .
2019 0 0 0
2020 0 0 0
2021 0 0 0
2022 0 0 0
2023 0 0 0
2024 0 0 0
2025 0 0 0
2026 0 0 0
2027 0 0 0
2028 0 0 0

Load Growth

r Low Medium High

1994 0 0 0
1995 0 0 0
1996 0 0 5
1997 0 13 22
1998 16 22 22
1999 22 22 22
2000 22 22 22
2001 22 22 22
2002 22 22 19
2003 22 22 17
2004 22 22 15
2005 22 21 8
2006 22 19 7
2007 22 0 0
2008 22 0 0
2009 21 0 0
2010 0 0 0
2011 0 0 0
2012 0 0 0
2013 0 0 0
2014 0 0 0
2015 0 0 0
2016 0 0 0
2017 0 0 0
2018 0 0 0
2019 0 0 0
2020 0 0 0
2021 0 0 0
2022 0 0 0
2023 0 0 0
2024 0 0 0
2025 0 0 0
2026 0 0 0
2027 0 0 0
2028 0 0 0

UMto
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6.5.2 Anchorage-Fairbanks Intertie Upgrade (AF100)

The Anchorage-Fairbanks intertie upgrade would allow Anchorage to use the 
capacity surplus in Fairbanks without the 62 MW transfer limit that exists today.' For 
capacity planning purposes, Anchorage and Fairbanks could then be considered a single 
area; the load, capacity, and required capacity of the Anchorage/Fairbanks combined 
area would then be equal to the sum of the loads, rapacities, and required capacities in 
the two areas. The Anchorage/Fairbanks area could also rely on capacity surplus in 
Kenai to the extent that this surplus is less than the transfer capacity of the existing 
Kenai-Anchorage line (60 MW for Case 1 and 86 MW for Case 2, based on Anchorage 
delivery). The AF100 upgrade would therefore allow Anchorage to fully use the 
capacity surplus in Fairbanks and correspondingly reduce capacity shortages in 
Anchorage. Table 6-8 illustrates the capacity shortages in the Anchorage/Fairbanks 
combined area for all three load forecasts.7

The capacity shortage in the Anchorage/Fairbanks combined area (case with 
intertie upgrade) is less than or equal to the sum of the capacity shortages in the two 
areas (case without the upgrade). For example, there is a 41 MW capacity shortage in 
Anchorage for the middle load growth forecast in 1997* and a 26 MW capacity shortage 
in the Anchorage/Fairbanks combined area. Therefore, the AF100 upgrade would 
reduce the capacity shortage in 1997 by 15 MW (41 MW - 26 MW) for the middle load 
forecast. This reduced capacity shortage is due to the fact that the intertie upgrade 
would allow Anchorage to fully use the 77 MW surplus in Fairbanks in 1998 (refer to 
Table 6-2); only 62 MW would be used without the new intertie. Table 6-9 illustrates 
the reduced Anchorage/Fairbanks capacity shortages due to the AF100 upgrade for the 
two cases of AF100 transfer limits.

According to Table 6-9, the Anchorage/Fairbanks capacity fhortages are reduced 
between 1996 and 2000; no capacity shortage reductions are identified after 2000. 
Therefore, these reduced shortages represent deferred, capacity additions rather than 
avoided capacity additions. Avoided capacity additions could be accomplished since the 
Anchorage-Fairbanks AF100 upgrade could reduce the capacity reserve margin of the 
Anchorage/Fairbanks area; these reductions are outlined in Sections 6.7 and 6.8 .

6. The transfer limit of th* upgraded interti* would b* 84 to 87 MW adjusted for transmission loaaj*. 
Then* two limits are us«d as C am s 1 and 2.
7. Th* Case 1 transfer limit of 60 MW for th* axil ting KA lin* i* «a*um*d.

8. Thar* i* no capacity shortage in Fairbanks in 1998.

JUMfa
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Table 6-8

ANCHORAGE/FAIRBANKS CAPACITY SHORTAGE

A n c h o r a g e
F a i r b a n k s
C a p a c i t y

(MW)

Lo ad  G r ow th  : Low Lo ad  G r ow th  : Medium Load G r ow th  : H ig h

Lo ad
(HW)

C a p a c l t y  
R e q u l r ' t  

(MW)

C a p a c i t y
S h o r t a g e

(MW)

C a p a c i t y  C a p a c i t y  
L oad  R e q u i r ' t  S h o r t a g e  
(MW) (MW) (MW)

C a p a c i t y  C a p a c i t y  
Load R e q u i r ' t  S h o r t a g e  
(MW) (MW) (MW)

1 9 9 4 8 7 8 5 0 2 6 5 3 0 504 6 5 5 0 5 2 9 68 8 0
1 9 9 5 7 4 2 5 0 2 6 5 2 0 5 0 9 661 0 53 3 694 0
1 9 9 6 6 1 5 5 0 0 6 5 0 0 51 1 6 6 5 0 5 3 9 7 0 0 2 5
1 9 9 7 5 8 0 50 1 6 5 1 11 5 1 3 6 6 6 2 6 547 71 1 71
1 9 9 8 561 50C 6 5 0 29 5 1 7 6 7 2 51 5 5 5 7 2 2 101
1 9 9 9 3 5 0 501 6 5 1 2 4 1 5 2 3 6 8 0 2 7 0 563 7 3 2 3 2 2
2 0 0 0 3 4 3 5 0 2 6 5 2 2 4 9 5 2 9 6 8 7 2 8 4 574 7 4 6 3 4 3
2 0 0 1 3 2 5 5 0 5 6 5 6 2 7 1 5 3 5 6 9 6 3 1 1 5 8 3 75 8 3 7 3
2 0 0 2 2 8 2 5 0 9 6 6 2 3 2 0 541 7 0 3 3 6 1 5 9 6 7 7 5 4 3 3
2 0 0 3 2 8 2 51 4 6 6 8 3 2 6 5 4 9  • 71 4 3 7 ? 6 0 7 7 8 9 4 4 7
2 0 0 4 2 8 2 5 1 8 6 7 4 3 3 2 5 5 8 7 2 6 3 8 4 6 2 1 80 8 4 6 6
2 0 0 5 2 6 2 524 6 8 1 3 5 9 5 6 9 7 4 0 4 1 8 6 3 5 8 2 5 5 0 3
2 0 0 6 178 5 3 0 6 8 9 45 1 581 7 5 6 5 1 8 65 1 8 4 6 6 0 8
2 0 0 7 117 5 3 6 6 9 7 5 2 0 5 9 6 7 7 4 5 9 7 66 1 8 5 9 6 8 2
2 0 0 8 117 5 4 3 7 0 6 5 2 9 6 1 0 7 9 3 6 1 6 671 8 7 2 6 9 5
2 0 0 9 3 0 5 5 0 7 1 4 62 4 62 4 8 1 1 7 2 1 6 8 0 884 79 4
2 0 1 0 5 5 5 8 7 2 5 6 6 0 6 3 7 8 2 8 7 8 1 6 9 5 904 8 6 8
2 0 1 1 5 56 4 7 3 3 6 6 8 64 9 8 4 4 7 9 9 7 0 8 921 8 8 7
2 0 1 2 5 5 7 0 7 4 0 6 7 5 661 8 6 0 8 1 5 7 2 1 9 3 7 9 0 6
2 0 1 3 5 5 7 6 7 4 8 6 8 3 6 7 3 8 7 5 8 3 2 73 4 954 92 4
2 0 1 4 5 5 8 2 7 5 6 6 9 1 6 8 5 89 1 8 4 9 7 4 7 971 9 4 2
2 0 1 5 5 58 8 7 6 4 6 9 9 6 9 7 9 0 6 8 6 6 7 6 0 9 8 8 9 6 0
2 0 1 6 5 594 7 7 2 7 0 7 7 0 9 9 2 2 8 8 3 7 7 3 1 0 0 5 9 7 8
2 0 1 7 5 6 0 0 7 7 9 7 1 6 72 1 9 3 8 9 0 0 7 8 6 1 0 2 2 9 9 7
2 0 1 8 5 6 0 6 7 8 7 7 2 5 7 3 3 9 5 3 9 1 7 7 9 9 1 0 3 9 1 0 1 5
2 0 1 9 5 6 1 2 7 9 5 7 3 4 74 5 9 6 9 93 4 8 1 2 1 0 5 6 1 0 3 3
2 0 2 0 5 6 1 8 8 0 3 74 4 7 5 7 98 4 95 1 8 2 5 1 0 7 3 10 51
2 0 2 1 5 624 a'n 7 5 3 7 6 9 1 0 0 0 9 6 8 8 3 8 1 0 9 0 1 0 6 9
2 0 2 2 5 6 3 0 8 1 8 7 6 2 78 1 1 0 1 6 9 8 4 8 5 1 1 1 0 6 1 0 8 8
2 0 2 3 5 6 3 6 8 2 6 77 1 7 9 3 1 0 3 1 1 0 0 1 86 4 1 1 2 3 1 1 0 6
2 0 2 4 5 6 4 2 8 3 4 7 8 0 8 0 5 1 0 4 7 1 0 1 8 8 7 7 1 1 4 0 1 1 2 4
2 0 2 5 5 6 4 8 8 4 2 7 8 9 8 1 7 1 0 6 2 1 0 3 5 8 9 0 1 1 5 7 1 1 4 2
2 0 2 6 5 65 4 8 5 0 7 9 8 3 2 9 1 0 7 8 1 0 5 2 9 0 3 11 74 1 1 6 0
2 0 2 7 5 6 6 0 8 5 7 8 0 7 841 1 0 9 4 1 0 6 9 9 1 6 11 91 1 1 7 9
2 0 2 8 5 6 6 6 8 6 5 8 1 6 8 5 3 1 1 0 9 1 0 8 6 9 2 9 12 08 1 1 9 7

The Anchorege/Feirbenks Capacity (Second Column) ia the  sum  of the two areas capacitiefl which, d*je to  transm ission limits, may not serve an 
equal am ount of load.
Capacity requirem ents a re  based on a  30 percent capacity reserve m argin.
Capacity shortage, if  any, for Anchorage/Fairbanks A rea -  A nchorage/Fairbanks Capacity R equirem ents

— A nchorage/Fairbanks Capacity
— Surplus in Kenai Accessible via Existing Kenai/Anchorage Lines
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Table 6-9

REDUCED ANCHORAGE/FAIRBANKS CAPACITY SHORTAGE 
DUE TO ANCHORAGE/FAIRBANKS INTERTIE UPGRADE

(MW)

C U I  1

Load Growth

c&sx

Load

2
Growtl

Year Low Medium High Year Lew Medium

1994 0 0 0 1994 0 0
1995 0 0 0 1995 0 0
1996 0 9 8 1996 0 0
1997 15 15 2 1997 0 13
1998 14 14 0 1998 14 14
1999 14 12 0 1999 14 12
2000 6 4 0 2000 6 4
2001 0 0 0 2001 0 0
2002 0 0 0 2002 0 0
2 0 0 : 0 0 0 2003 0 0
2004 0 0 0 2004 0 0
2005 0 0 0 2005 0 0
2006 0 0 • 0 2006 0 0
2007 0 0 0 2007 0 0
2008 0 0 0 2008 0 0
2009 0 0 0 2009 0 0
2010 0 0 0 2010 0 0
2011 0 0 0 2011 0 0
2012 0 0 0 2012 0 0
2013 0 0 0 2013 0 0
2014 0 0 0 2014 0 0
2015 0 0 0 2015 0 0
2016 0 0 0 2016 0 0
2017 0 0 0 2017 0 0
2018 0 0 0 . 2018 0 0
2019 0 0 0 2019 0 0
2020 0 0 0 2020 0 0
2021 0 0 0 2021 0 0
2022 0 0 0 2022 0 0
2023 0 0 0 2023 0 0
2024 0 0 0 2024 0 0
2025 0 0 0 2025 0 0
2026 0 0 0 2026 0 0
2027 0 0 0 2027 0 0
2028 0 0 0 2028 0 0

XlMfa
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6.5.3 Healy-Fairbanks New Intertie (AF138)
The AF138 intertie would allow Anchorage and Fairbanks to reduce their 

capacity requirements by the same amount calculated for the Anchorage-Fairbanks 
AF100 upgrade; since the AF100 provides all the transfer capability needed to take 
advantage of capacity sharing between Anchorage to Fairbanks. Table 6-9 shows the 
reduced shortage for the Anchorage/Fairbanks area is always less than the increased 
transfer levels for the AF proposals. The increase in transfer limits for the AF138 
provides no additional capacity deferral benefits beyond those calculated for the AF100.

6.6 BENEFITS OF CAPACITY DEFERRAL DUE TO NEW/UPGRADED
INTERTIES

When capacity is needed, the Railbelt utilities would acquire additional capacity 
by re powering existing power plants, extending the life of existing power plants, or 
adding new power plants. The expected reduced capacity shortage due to the new/ 
upgraded interties would allow the Railbelt to reduce the addition of capacity and 
therefore save capital costs. Cost savings are largest when the Railbelt can avoid 
adding a new plant; avoiding repowering or life extension of an existing power plant 
also leads to cost savings.

Since reduced capacity shortages are only temporary (refer to Sections 6.5.1 and 
6.5.2), the resulting savings are cost deferrals rather than cost avoidances. Therefore, 
we assign savings for reduced capacity shortages during any given year based on the 
reduced capacity shortage in that year (refer to Tables 6-7 and 6-9) and the annual 
value of saved capacity. The annual value of saved capacity in any given year is 
calculated at $51 per kilowatt per year.*

6.6.1 Kenai-Anchorage New Intertie (KA138)

Using the calculated reduced Kenai/Anchorage capacity shortages (Table 6-7) and 
the $51 per kilowatt per year value of saved capacity, we calculate the capital cost 
savings due to capacity deferral attributed to the KA138 line. Table 6-10 summarizes 
the results. The discounted value of all benefits between 1994 and 2028 is largest for 
the lowest load forecast and lowest for the highest load forecast; with higher loads, 
there is less surplus capacity available for sharing. At a discount rate of 4.5 percent 
per year, the benefits of capacity deferral due to the KA138 intertie vary between 
$18.91 million and $20.90 million for Case 1 and $6.67 million and $8.30 million for 
Case 2.

9. B*j*d on th* lavalizad capital coat of a eombiution turbine of $490 par kilowatt, and a fixad OAM of 
$13 p*r kilowatt p«r y*ar. L*v*Hzation ia for 20 yaara at 4.5 parcant par yaar.

aiaat*
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Table 6-10

BENEFITS OF REDUCED KENAI/ANCHORAGE CAPACITY SHORTAGE
(million dollar*)

CXSS 1 CJLSI 2
Load Growth Load Growth

Year Low Medium High Year Low Medium High

1994 0.00 0.00 0.00 1994 0.00 0.00 0.00
1995 0.00 0.00 0.00 1995 0.00 0.00 0.00
1996 0.00 0.43 1.69 1996 0.00 0.00 0.26
1997 1.31 2.12 2.55 1997 0.00 0.68 1.12
1998 2.24 2.55 2.55 1998 0.80 1.12 1.12
1999 2.55 2.55 2.55 1999 1.12 1.12 1.12
2000 2.55 2.55 2.55 2000 1.12 1.12 1.12
2001 2.55 2.55 2.53 2001 1.12 1.12 1.11
2002 2.55 2.55 2.42 2002 1.12 1.12 0.99
2003 2.55 2.55 2.31 2003 1.12 1.12 0.89
2004 2.55 2.55 2.17 2004 1.12 1.12 0.75
2005 2.55 2.48 1.83 2005 1.12 0.97 0.41
2006 2.55 2.41 1.78 2006 1.12 0.91 0.36
2007 2.55 1.40 0.79 2007 1.12 0.00 0.00
2008 2.55 1.32 0.67 2008 1.12 0.00 0.00
2009 2.51 1.24 0.62 2009 1.07 0.00 0.00
2010 0.42 0.00 0.00 . 2010 0.00 0.00 0.00
2011 0.30 0.00 0.00 2011 0.00 0.00 0.00
2012 0.24 0.00 0.00 20i2 0.00 0.00 0.00
2013 0.17 0.00 0.00 2013 0.00 0.00 0.00
2014 0.11 0.00 0.00 2014 0.00 0.00 0.00
2015 0.04 0.00 0.00 2015 0.00 0.00 0.00
2016 0.00 0.00 0.00 2016 0.00 0.00 0.00
2017 0.00 0.00 0.00 2017 0.00 0.00 0.00
2018 0.00 0.00 0.00 2018 0.00 0.00 0.00
2019 0.00 0.00 0.00 2019 0.00 0.00 0.00
2020 0.00 0.00 0.00 2020 0.00 0.00 0.00
2021 0.00 0.00 0.00 2021 0.00 0.00 0.00
2022 0.00 0.00 0.00 2022 0.00 0.00 0.00
2023 0.00 0.00 0.00 2023 0.00 0.00 0.00
2024 0.00 0.00 0.00 2024 0.00 0.00 0.00
2025 0.00 0.00 0.00 2025 0.00 0.00 0.00
2026 0.00 0.00 0.00 2026 0.00 0.00 C.00
2027 0.00 0.00 0.00 2027 0.00 0.00 0.00
2028 0.00 0.00 0.00 2028 0.00 0.00 0.00

NPV 3.0% 24.18 23.31 21.21 NPV 3.0% 9.62 8.23 7.41
NPV 4.5% 20.90 19.63 18.91 NPV 4.5% 8.30 7.29 6.67

r u t *
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6.6J2 Anchorage-Fairbanks Intertie Upgrade (AF1C0)

Using the calculated reduced Anchorage/Fairbanks capacity shortages (Table 6-9) 
and the $51 per kilowatt per year value of saved capacity, we calculate the capital cost 
savings due to capacity deferral attributed to the AF100. Table 6-11 summarizes the 
results. At a discount rate of 4.5 percent per year, tha benefits of capacity deferral due 
to the AF100 upgrade vary between $0.43 million and $2.20 million for Case 1 and 
$0.33 million and $1.75 million for Case 2.

____________________________ Dtirion Focua IocorponLtd

6.8.3 Healy-Fairbanks New Intertie (AF138)

Because the AF100 upgrade and the AF138 intertie would lead to the same 
capacity shortage reductions, these calculations produce the same capacity deferral 
benefits. Those benefits are between $0.43 million and $2.20 million for Case 1 and 
$0.33 million and $1.75 million for Case 2.

6.7 CAPACITY AVOID/JNCE DUE TO NEW/UPGRADED INTERTIES

The proposed interties make two significant contributions relevant for capacity- 
sharing benefits: access to another area’s capacity and increased reliability.

The previous section presented reductions in capacity shortage in Anchorage due 
to the proposed interties by accessing surplus capacity in Kenai and Fairbanks 
(surplus areas) to defer capacity additions in Anchorage (shortage area). Capacity 
deferral benefits derive from capacity in surplus areas contributing to a target reserve 
margin for a shortage area.

The reserve margin of an electric power system is a function of desired system 
reliability, sizes of power plants, availability of power plants, and syBtem size. A 
system reserve margin decreases with lower desired system reliability, smaller plants 
size, higher plants availability, and larger system size.

A new intertie leads to larger system sizes for interconnected areas and 
therefore would allow both areas to establish lower reserve margins, and/or add larger 
size units while keeping desired reliability unchanged. Lowering reserve margins leads 
to reduced capacity additions, i.e., capacity avoidance benefits.

SlUfa
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Table 6-11

BENEFITS OF REDUCED ANCHORAGE/FAIRBANKS CAPACITY SHORTAGE
(million dollars)

CASK 1

Load Growth

Year Low Medium High

1994 0.00 0.00 0.0
1995 . 0.00 0.00 0.00
1996 0.00 0.43 0.39
1997 0.74 0.77 0.11
1998 0.73 0.69 0.00
1999 0.72 0.63 0.00
2000 0.31 0.18 0.00
2001 0.00 0.00 0.00
2002 0.00 0.00 0.00
2003 0.00 0.00 0.00
2004 0.00 0.00 0.00
2005 0.00 0.00 0.00
2006 0.00 0.00 0.00
2007 0.00 0.00 0.00
2008 0.00 0.00 0.00
2009 0.00 0.00 0.00
2010 0.00 0.00 0.00
2011 0.00 0.00 0.00
2012 0.00 0.00 0.00
2013 0.00 0.00 0.00
2014 0.00 0.00 0.00
2015 0.00 0.00 0.00
2016 0.00 0.00 0.00
2017 0.00 0.00 0.00
2018 0.00 0.00 0.00
2019 0.00 0.00 0.00
2020 0.00 0.00 0.00
2021 0.00 0.00 0.00
2022 0.00 0.00 0.00
2023 0.00 0.00 0.00
2024 0.00 0.00 0.00
2025 0.00 0.00 0.00
2026 0.00 0.00 0.00
2027 0.00 0.00 0.00
2028 0.00 0.00 0.00

NPV 3.0% 2.14 2.37 0.46
NPV 4.5% 1.99 2.20 0.43

CASK 2
Load Growth

Y«ar Low Modi urn High

1994 0.00 0.00 0.00
1995 0.00 0.00 0.00
1996 0.00 0.00 0.26
1997 0.00 0.68 0.11
1998 0.73 0.69 0.00
1999 0.72 0.63 0.00
2000 0.31 0.18 0.00
2001 0.00 0.00 0.00
2002 0.00 0.00 0.00
2003 0.00 0.00 0.00
2004 0.00 0.00 0.00
2005 0.00 0.00 0.00
2006 0.00 0.00 0.00
2007 0.00 0.00 0.00
2008 0.00 0.00 0.00
2009 0.00 0.00 0.00
2010 0.00 0.00 0.00
2011 0.00 0.00 0.00
2012 0.00 0.00 0.00
2013 0.00 0.00 0.00
2014 0.00 0.00 0.00
2015 0.00 0.00 0.00
2016 0.00 0.00 0.00
2017 0.00 0.00 0.00
2018 0.00 0.00 0.00
2019 0.00 0.00 0.00
2020 0.00 0.00 0.00
2021 0.00 0.00 0.00
2022 0.00 0.00 0.00
2023 0.00 0.00 0.00
2024 0.00 0.00 0.00
2025 0.00 0.00 0.00
2026 0.00 0.00 0.00
2027 0.00 0.00 0.00
2028 0.00 0.00 0.00

NPV 3.0% 1.49 1.89 0.34
NPV 4.5% 1.37 1.75 0.33

X llM e
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This section calculates the reductions in capacity reserve margin that could be 
made with the proposed interties and the associated avoidance of some capacity 
additions.10 No estimate of economies of scale benefits is provided in thin analysis," 
due to lack of good data on economies of scale.

6.7.1 Equivalent Reliability Index

Many different measures of the reliability of a power system have been 
developed and used; they vary depending on the particular needs of the measurement. 
Loss of Load Probability (LOLP) has gained considerable use in the industry as a 
reasonably well-defined index of system reliability [2]. An Equivalent Reliability Index 
(ERI), based on the same concepts of LOLP, is defined and used here for evaluation of 
the new/upgraded interties.

Experience has shown that the mean and variance (the square of the standard 
deviation) of capacity availability represent, reasonably well, the distribution of 
availability for reliability purposes, and that the distribution can be approximated by 
the Normal or Gaussian distribution [2]. In reference [3], LOLP is calculated by 
evaluating the area under the capacity availability distribution from tero to a given 
load. This evaluation requires standardising the variable and using a standard Normal 
table to evaluate the probability.

For example, the LOLP at a load of L, for a capacity availability mean M and 
standard deviation S, could be found from calculating the standard variable:

Z = (L - Mys

and *

LOLP = 0.5 -  Area Under the Standard Normal Evaluated Between 0 and Z

The implication of the calculation for the following discussion is that a change in 
the capacity of the system results in changes to the mean and variance of the 
availability distribution. A system addition would result in a different level of load 
that could be served (or lost) for the same LOLP target.

Following the same rational, and assuming the capacity on outage to be 
normally distributed, the Equivalent Reliability Index (ERI) is a measure of the 
adequacy of the reserve margin to meet the level of outages.

10. Tha taction on reliability (Saction 4) covarad tha banafita of tha newArogradad interties gained from 
tha reduction in outages; impacts on capacity planning wera not included in that analysis.

11. The inclusion of economies of scale benefits could only increase tha benefits of capacity sharing.
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ERI = (RM - mys,

where RM * Reserve Capacity Margin (MW)
m « Mean of Capacity on Outage (MW) 
s « Standard Deviation of Capacity on Outage (MW)

A change in available capacity affects the mean and standard deviation of the 
capacity on outage. A new intertie, for instance, leads to a decrease in the standard 
deviation of the capacity on outages. This implies that the reserve margin could be 
adjusted downward for the decrease in the standard deviation of the capacity on 
outage, while holding the ERI constant.

(8.7.2 Calculation o f Avoided Capacity

The ERI is used as a measure of capacity adequacy, taking as input reserve 
margin and the distribution of capacity outages. Holding the ERI constant for 
evaluation of the cases with and without the interties, we calculate reductions in 
needed reserve margins due to the new/upgraded interties. New/upgraded interties 
result in reductions in reserve margins, since the impact of reliable additions is to 
decrease the standard deviation of the outage distribution (while slightly increasing the 
mean). Reductions in reserve margins lead to a fixed level of capacity avoidance for 
the area of interest.

A simulation of the capacity avoidance due to the new/upgraded interties used 
capacity and outage data for each generating unit in the Railbelt. A reserve load 
margin12 of 30 percent, which is equivalent to a system reserve margin1* of
23.08 percent, is assumed. Available generating resources for each area consist of 
those units most important for evaluation purposes; ie., if a unit is to be retired in 
1992, the unit is not included. The simulation assumes that the relationship between 
londs and resources remains constant through the study period so that the percent 
reserve margin stays constant

The ERI is calculated, as described above, from the capacity on outage data. 
For each proposal, the amount of avoided capacity is calculated as the MW reduction in 
reserve margin, such that the ERI is held constant with the addition of the new 
intertie. Benefits of the avoided additions to capacity are then calculated by applying 
the same capacity value ($51/kW) as in the deferral analysis.

12. Reaerve load margin is  tha  am ount of available genarating resource* th a t exceeds forecasted load, 
calculated aa a  percent of the  load.

13. System reserve m argin is the am ount of available generating resource* th a t exceeds forecasted load, 
calculated as a  percentage of the total available generating resources.

6-26
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8/7.3 Kenai-Anchorage New Intertie (KA138)
The amount of avoided capacity additions in the Kenai/Anchorage area due to 

the KA138 ranges from 9.4 MW to 20.7 MW for each year in which shortages occur, 
which is the case after 1999. The low estimate is based on an existing transfer limit of 
88 MW between Kenai and Anchorage, while the high estimate is based on an existing 
transfer limit of 60 MW.

6.7.4 Anchorage-Fairbanks Intertie Upgrade (AF100)

The amount of avoided capacity additions in the combined Anchorage/Fairbanks 
area, due to the AF100 line, ranges from 9.6 MW to 10.9 MW for each year in which 
shortages occur. The low estimate is based on a transfer limit of 84 MW for the 
AF100, while the high estimate corresponds to a transfer limit of 87 MW.

6.7.6 Healy-Fairbanks New Intertie (AF138)

The amount of avoided capacity additions in the combined Anchorage/Fairbanks 
area, due to the AF138 line, is 21.3 MW for each year of shortage conditions. This 
estimate is based on a transfer limit of 112 MW, after losses, for the AF138 between 
Anchorage and Fairbanks.

6.8 BENEFITS OF CAPACITY AVOIDANCE DUE TO NEW/UPGRADED 
INTERTTES

6.8.1 Kenai-Anchorage New Intertie (KA138)

Using the calculated reduced Kenai/Anchorage capacity shortages (Section 6.7.3) 
and the $51 per kilowatt per year value of saved capacity, we calculate the capital cost 
savings from capacity avoidance due to the KA138.14

The benefits are calculated for 1994-2033 at a discount rate of 4.5 percent per 
year; no benefits accrue for the years 1994-1998 r'nee there are no forecasted capacity 
for this period in the Railbelt. The benefits of capacity avoidance due to the KA138 
intertie vary between $14.8 million for Case 1 and $6.74 million for Case 2.

14. A 40-yMr lifetime h u  been estimated for the KA1SS.

me**
6-27



DedrionFocui Incorporated

6&JL Anchorage-Fsdrbanks Intertie Upgrade (AF100)

Using *he calculated reduced Anchorage/Fairbanks capacity shortages 
(Section 6.7.4) and the $61 per kilowatt per year value of saved capacity, we calculate 
the capital coet savings from capacity avoidance due to the AF100.

The benefits are calculated for 1994-20431* at a discount rate of 4.5 percent per 
year; no benefits accrue for 1994-1998 since there are no forecasted capacity shortages 
for this period in the Railbelt.

The benefits of capacity avoidance due to the AF100 upgrade are between 
$7.16 million for Case 1 and $8.13 million for Case 2.

6.8.3 Healy-Fairbanks New Intertie (AF138)

Using the calculated reduced Anchorage/Fairbanks capacity shortages 
(Section 6.7.5) and the $51 per kilowatt per year value of saved capacity, we calculate 
the capital cost ravings from capacity due to tine AF138.

The benefits are calculated for 1994-20431* at a discount rate of 4.5 percent per 
year; no benefits accrue for 1994-1998 since there are no forecasted capacity shortages 
for this period in the Railbelt. The benefits of capacity avoidance due to the AF138 
intertie are $15.97 million.

6.9 TOTAL CAPACITY-SHARING BENEFITS DUE TO NEW/UPGRADED 
INTERTIES

Total benefits of the new/upgraded interties are the sum of capacity deferral 
benefits (Section 6.6, Tables 6-10, <M1) and capacity avoidance benefits (Sections 6.8.1, 
6.8.2, 6.8.3). The total benefits for each new or upgraded intertie are shown in 
Table 6-12.

15. A 50-year lifetime hai been estimated for the eteel tower construction proposed for the AF100.

16. A 50-year lifetime haa been estimated for the eteel tower construction proposed for the AF138.

6-28
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Table 6-12

TOTAL CAPACITY-SHARING BENEFITS 
(million dollars, 1990 dollars)

Case 1 Case 2

Load Load

Low Mid High Low Mid High

KA138 35.7 34.4 33.7 15.0 14.0 13.4
AF100 9.2 9.4 7.6 9.5 9.9 8.5
AF138 18.0 18.2 16.4 17.3 17.7 16.3
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S ec tion  7 
O PE R A T IN G  R E S E R V E  SH A R IN G

7.1 OVERVIEW

Operating reserves1 respond to changes in customer demand and failures in the 
electric generation and transmission system. Operating reserves improve reliability, 
but they are often expensive. The hydroelectric capacity on the Kenai Peninsula may 
provide a less expensive source for some operating reserves that otherwise would be 
provided by thermal generating units in the Anchorage area.

The operating reserve savings depend on the following four factors:

1. The operating reserve requirements in Anchorage.

2. The cost of providing operating reserves from thermal plants in
Anchorage.

3. The transmission capacity between Anchorage and Kenai.

4. The generating capability in Kenai.

All four factors are discussed in more detail in the following subsections. The addition 
of a new Kenai-Anchorage intertie would increase, the savings due to operating reserve 
sharing by about $5.2 to $13.5 million.

Appendix A discusses the transfer of energy back and forth between Anchorage 
and Kenai to nsshape thermal demands to their most efficient production profile. The 
reshaping of demands served by thermal power plants differs significantly from sharing 
operating reserves. Reshaping involves moving significant amounts of energy between 
Kenai and Anchorage and changing the timing of thermal generation in Anchorage. 
Sharing operating reserves on the other hand, does not involve any transfer of energy 
between areas, nor the changed timing of any generation. It does involve shifting 
energy production among Anchorage power plants.

1. Throughout this report, th# term "operating re#erv#s' ref#re only to 'spinning re#«rv#s.' How#v#r, 
according to th# Alaska Intarti# Agreement, operating reeervts include both spinning and non-apinning 
reserve*. Non-spinning operating rai#rv#t were not considered in this analysis because they are projected 
to exceed requirement! in all scenario#.

liMfc
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7J2 ANCHORAGE OPERATING RESERVE REQUIREMENT

The interconnection agreements and operating practices among the Railbelt 
utilities currently result in the provision of approximately 65 MW of operating reserve 
accessible in the Anchorage area. Limited amounts of this operating reserve can be 
provided from outside the Anchorage area. Based on the information available, we 
estimate it is feasible to transfer up to 30 MW of operating reserve from Kenai to 
Anchorage. These 30 MW result from the practice of distributing these reserves such 
that they are not all lost with a single event.

With a second Kenai-Anchorage line, it would be feasible to transfer more than 
30 MW of operating reserve from Kenai to Anchorage. The existence of two lines 
would provide a backup link between Kenai and Anchorage in the event of a line 
failure so that operating reserves are not all lost. Based on our discussions with 
system dispatchers,2 we estimate that a second line would allow the transfer of up to 
50 MW of operating reserve from Kenai to Anchorage. The 50 MW results from 
allowing for 15 MW of operating reserves to be provided by thermal power plants in 
Anchorage; these 15 MW are necessary to provide load following in the Railbelt.

7.3 THE COST OF OPERATING RESERVES

In order to respond quickly to changing requirements, power plants providing 
operating reserves are operated at part load such that they can quickly increase or 
decrease their power output. This is expensive for thermal generating plants, in 
general and gas turbines in particular. Moet of the operating reserve provided in the 
Anchorage area comes from gas turbines.

Appendix A provides more specific information about gas turbine part-load 
operating costs. For example, when the 66 MW Beluga #5 CT operates at a loading of 
33 MW, its total operating cost (also called heat rate) is 15,012 Btu/kWh. At a loading 
of 33 MW, Beluga #5 provides 33 MW of spinning reserves (66 MW of rated capacity 
minus 33 MW of leaded capacity). When Beluga 45 is operated to provide spinning 
reserves,1 the cost of providing spinning reserves is the difference between the total 
operating coet of Beluga #5 (Le., 15,012 Btu/kWh) and the system marginal coet. The 
system marginal coet is typically 9,000 to 11,000 Btu/kWh (refer to Table A-2). 
Therefore, the cost of spinning reserves provided by Beluga 45 is estimated at 
5000 Btu/kWh.

2. Meeting* between Salim J. Jabbour and lyatem dirpatchere at Golden Valley Electric Aaaodation, 
Chugach Electric Aaaodation, Alaaka Municipal Light k  Power on Auguet 8, 9 and 10, 1989.
S. Operating Beluga #5 could have been avoided if it were not far the epinning reeervee requirement.

aim*
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A detailed examination of the operating records of CEA, GVEA, and AMLP for 
1988 indicates that the cost of providing spinning reserves is between 7,000 and
11.000 Btu/KWh.4 In this study, we estimate the cost of spinning reserves at
7.000 Btu/KWh.

7.4 KENAI-ANCHORAGE TRANSMISSION CAPACITY

The new intertie will be capable of transferring 160 MW from Kenai to 
Anchorage (110 MW delivered). Based on the analysis described in Appendix A, 
transmission capacity will not be a constraint on the transfer of 50 MW of operating 
reserve.

The existing line can transfer 60 MW (delivered) from Kenai to Anchorage in 
Case 1, and 88 MW (delivered under emergency conditions) in Case 2. Based on the 
analysis described in Appendix A, it is expected that there will be 26 MW of capacity 
available for the transfer of operating reserves in Case 1 and 29 MW in Case 2. 
Because this increment of capacity has very high losses (approximately 20 percent), it 
will be seldom utilized for economy transactions. Transferring operating reserve is 
ideal because it does not incur losses. Therefore the transmission capacity between 
Kenai and Anchorage will be a constraint on the transfer of operating reserves under 
the single line scenario.

7.5 KENAI GENERATING CAPABILITY

With the addition of Bradley Lake, hydroelectric capacity in Kenai will increase 
to 133 MW delivered to Soldotna. This hydroelectric capability is energy-limited such 
that its overall capacity factor is on the order of 35 percent. This means that on 
average, more than 80 MW of unused hydroelectric capacity exists because of limited 
energy. This is an ideal operating reserve application. The ability of Kenai hydro­
electric plants (particularly Bradley Lake) to provide useful operating reserve has been 
studied recently.1 These findings indicate that while Bradley Lake's response rate is 
not fast enough to provide spinning reserves, Bradley Lake would allow the Railbelt 
utilities to get increased spinning reserves out of the thermal units at minimal or no 
additional coet Following is an excerpt from a PTI report that explains this concept:

4. Value of Bradley Lake Spinning Raeervea, prepend by Detiiion Focus Incorporated, October 6, 1969.
5. Power Technologies Incorporated end Stone and Webcter Engineering Corporation have been working 
on thia iaeue for the Alaeka Energy Authority.
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Combuition turbines ire  typically rated based on i  mayi'mnm allowable turbine 
exhaust g u  tamper*ture. CT rating* are usually established for a standard set 
of environmental operating conditions known as ISO conditions. ISO conditions 
refer to an ambient temperature of 59 degrees Fahrenheit, at normal sea-level 
atmospheric pressure and at a certain relative humidity. For ISO conditions, CT 
will typically have two ratings based on some defined value of turbine exhaust 
gas temperatures:

1) Base Rating
2) Peak Rating

The turbine exhaust gas temperature is a significant indicator of the amount of 
life expenditure that occurs in a CT due to erosion and fatigue of the internal 
turbine parts.

The base rating is the power rating at which a CT can operate for sustained 
periods of time and stay within what is considered to be a normal maintenance 
schedule and without severe or unusual degradation to the internal parts of the 
turbine. The peak ratine is a power rating greater than the base rating at 
which a CT can operate for some limited period of time (hours), but which will 
cause greater than normal degradation of the internal parts of the turbine and 
will increase the frequency and necessity of maintenance.

Although not specified as a rating, CT have an emergency capability which is 
above the peak rating. This emergency capability may correspond to the 
maximum, physical fuel consumption capability of the turbine as allowed by the 
fuel control system. A CT can operate at this emergency capability for only a 
very limited period of time, and operation at such levels (for more than a few 
seconds consecutively) will result in severe degradation of the internal parts of 
the turbine and will require significant maintenance activity...

...Various operating strategies can be developed to obtain increased response 
capability from a CT. One could normally operate a CT at no more than its base 
rating level and, during below-normal frequency conditions, take advantage of the 
few seconds of temporary "above rated power" output which might occur before 
the controls reduce the output of the CT back to its base rating level. 
Conversely, one could normally strive to operate a CT at no more than its base 
rating level, but configure the controls of the CT to allow it to operate, on a 
sustained basis, up to its peak rating level. Thus, in response to a below-normal 
frequency condition, the governor could boost the output of the CT to the 
emergency capability (maximum fuel consumption) until the exhaust temperature 
controls bring the output back to the peak rating level. Ih e  CT could then be 
allowed to operate at the peak rating level until other generation was brought 
on-line or until the output of slower responding hydro or steam units could be 
increased. Thus, the latter strategy would provide more sustained reserve 
capability fro™ a given combustion turbine than the first operating strategy. 
Further, provided that a CT was not allowed to remain at its peak rating level 
for inordinate amounts of time, severe degradation of the internal parts of the 
turbine could be minimized and excessive maintenance activity avoided.

By using the "peak rating strategy," utilities can get increased spinning reserves 
from operating combustion turbines. The increase in spinning reserves is the difference 
between the peak and base ratings of the turbines. While the "peak rating strategy" 
could be used without Bradley Lake, the strategy would provide spinning reserves only 
if combustion turbines are operated at peak loading during emergency situations, for 
several minutes, until a unit is brought on-line. According to the PTI report, this 
would reduce the economic life of the turbines. The impact of Bradley Lake would be

IlMfa
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to reduce the time during which the turbine* would be operated at peak loading to less 
than 1 minute.

Therefore, we assume that Bradley Lake would allow the use of the "peak rating 
strategy" and provide additional spinning reserves. Assuming a 10 percent difference 
between the peak and base ratings* of thermal units, we estimate that Bradley would 
provide an additional 30 MW of spinning reserves in the summer and 50 MW in the 
winter.7

7.6 SAVINGS IN  OPERATING RESERVE COSTS

The benefits of increased operating reserve sharing due to a second line between 
Kenai and Anchorage derive from increased intertie availability,' increased reliance on 
Kensi’s spinning reserves in the winter,* and increased intertie transfer capability.10 
We estimate the annual benefits of increased operating reserve sharing between 
$400,000 and $1,200,000. The net present value of increased operating reserve sharing 
is between $5.2 million and $13.5 million” (see Table 7-1).

Table 7-1

NET PERCENT VALUE OF SAVINGS DUE TO INCREASED  
OPERATING RESERVE SHARING  

(million dollars, 1990 dollars)

Scenario 
Case 1

Case 2

Increased 
Intertie 

Fuel Availability
Low 3.70
Mid 5.11
High 6.37
Low 3.70
Mid 5.10
High 6.38

Increased Reliance 
On Kenai 
Reserves 
In W inter

0.62
0.87
1.10
0.62
0.87
1.10

Increased
Intertie
Transfer

Capability
3.35
4.71
6.00
0.84
1.18
1.50

Total
7.67

10.69
13.47
5.16
7.15
8.98

6. Based on discussions with PTI and representative® of tha Rail bait electric utilities.
7. Basad on Railbelt loads.
8. Refer to diecuan'on on scheduled maintenance of th* 115 KV line in Section 2.

9. Refer to Section 7.5.

10. Refer to Section 7.4.
11. Savings are adjusted for reduced gas royalty.

l i s t s *
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S ec tio n  8 
SUM M A RY  A N D  C O N C LU S IO N S

8.1 OVERVIEW

This section provides a summary of the overall cost-benefit results for each of 
the alternatives analyzed in this study. The costs and benefits that have been 
estimated in the previous sections are aggregated and compared. In accordance with 
the practice followed throughout this analysis, all costs and benefits are expressed in 
terms of 1990 dollars.

The costs and benefits of the following intertie proposals are summarized in this 
section:

1. A new Kenai-Anchorage 138 KV intertie
2. A limited upgrade of the Anchorage-Fairbanks line
3. A new Healy-Fairbanks 138 KV intertie

The following benefit categories are described:

1. Reliability
2. Economy Energy Transfer
3. Transmission Efficiency
4. State Revenue
5. Capacity Sharing
6. Operating Reserve Sharing

8-1
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8.2 NEW KENAI-ANCHORAGE 138 KV INTERTIE

Table 8-1 shows the present value of costs and benefits for the new Kenai- 
Anchorage line in each of the categories identified in this analysis. Positive benefits 
are indicated for each scenario examined. The expected value of net economic benefits 
is between $27.8 million and $57.1 million. The expected benefit to cost ratio is 
between 1.32 and 1.77. The difference between the low and high estimates of benefit 
reflects both the difference between the high and low reliability benefit and the 
difference between the low and high capital costs. The high estimate of total costs 
includes a replacement cost of $9.5 million (net present value of a replacement cost of 
$22.9 million after 20 years of service) for the submarine cable.

Figure 8-1 displays net benefits for each scenario. Figure 8-2 shows the relative 
contribution of each benefit category to the total expected benefits.

Table 8-1

NEW KENAI-ANCHORAGE INTERTIE: SUMMARY OF COSTS AND BENEFITS

In c re a s e d

C sm  <1 Urn

Case 12

* j« w v t lo h »
! n c r * . .« 4  In e rw i .d lp ln n ln g  
lanemf to d u e .4  In c ru B * 4 C « p .c lt y  U i . m .  
Cnsrgy T r . n . .  C >  IM r ln g  lh * r l r g  
T r . n . f . r  U s . . . .  H s y . l t y  t a n s f U .  l a n . t i t .

T d t l l  O m f l t . T K j l  C M t t • i t  k a f l i i
l * R s f l :  t .  

t o t  I .
Coot

r n l U s . a Uc* l lg h UdB H l7h Us. ■ l f h Ueo l lg h
i w U s . 3 5 .0 - 3 . 1 3 3 .7 7 .7 1 1 0 .3 1 3 7 .3 7 4 .1 •  0 .1 1 4 .3 U .  7 1 .1 4 1 .7 3H id d l. I S . 7 > 1 .1 3 4 .4 7 .7 1 1 0 .7 1 1 7 .3 7 4 .1 1 4 .1 3 4 .1 1 3 .4 1 .3 4 1 .7 1High 3 4 .4 - 1 . 3 3 3 .7 7 .7 1 1 1 .3 1 3 1 .3 7 4 .1 •  0 .3 3 3 .0 1 4 .1 1 .1 3 1 .T3H id d l. Us* 1 1 .1 - 3 . 3 3 3 .7 1 0 .7 1 1 3 .7 1 4 1 .7 7 4 .1 •  0 .1 3 3 .1 4 4 .1 1 .4 4 1 .3 3H id d l. 5 1 .7 • 3 . 3 3 4 .4 1 0 .7 1 3 3 .7 1 4 1 .3 7 4 .1 0 1 .3 ♦0.3 4 4 .4 1 .4 7 1 .9 4High 5 3 .7 - 4 . 3 3 3 .7 1 0 .7 1 3 4 .3 1 4 3 .3 7 4 .1 •  0 .3 4 0 .4 4 4 .4 1 .4 7 1 .9 4m qn Us* * 1 .» • 3 . * 3 3 .7 1 3 .3 1 3 1 .4 1 1 1 .7 7 4 .1 0 0 .3 1 3 .3 4 3 .1 1 .4 1 2 .1 1H id d l. O . l • 3 . 3 3 4 .4 1 3 .3 1 4 1 .3 1 3 1 .7 7 4 .1 0 0 .3 3 1 .3 • 4 .4 1*44 2 .1 4High 4 1 .0 - 3 . 3 3 3 .7 1 1 .3 1 4 0 .1 1 3 7 .4 7 4 .1 •  0 .3 1 3 .3 3 3 .3 1 .4 3 2 .1 1
Uw I s * 3 3 .3 - 3 . 1 1 3 .0 3 .3 1 7 .3 1 0 4 .3 7 4 .1 0 0 .3 1 .4 1 0 .7 1 .0 1 1 .4 1H id d l. 3 3 .3 • 1 . 1 1 4 .0 3 .1 1 0 .0 1 0 3 .3 7 4 .1 0 0 .3 1 .4 1 1 .1 1 .0 3 1 .4 1

«l«r> 3 7 .3 • 1 . 3 1 3 .4 3 .3 4 3 ,3 1 0 3 .3 7 4 .1 •  3 .1 3 .4 1 1 .7 1 .0 3 1 .1 3H IM ) . Us* 0 . 3 - 3 . 3 1 3 .0 7 .3 1 0 1 .3 1 1 3 .1 7 0 .1 •  3 .1 1 1 .4 4 4 .7 1 .1 1 1 .9 1H id d l . 3 3 .1 • 1 . 0 1 4 .0 7 .1 1 0 3 .1 1 3 0 .4 7 4 .1 • 3 .1 1 4 .3 4 4 .1 1 .3 0 1 .1 1High 3 4 .3 • 4 . 3 1 3 .4 7 .3 1 0 3 .3 1 3 0 .4 7 0 .1 •  3 .1 1 7 .0 4 4 .1 1 .1 0 1 .9 1High Us* 4 3 .3 - 3 . 7 1 3 .0 3 .0 1 1 4 .3 1 3 1 .3 7 0 ,1 •  3 .3 7 3 .4 1 7 .7 1 .3 1 1 .1 9
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Net Benefits (SW)
C a m  1 Cc m  2

I 1 1o 1LL LM LH ML MM MH HL HM HH LL LM LH ML MM MH HL HM HH
Scenario

■ I Low EZ2  High

LLLMLH
Low Fooi/Low Load Low Fu*L'M«3d« Load lent Fuai/High Load

ML Mktta Fual/Low Load MM Mktta Fuet/VWdt Load MH Midda Fuat/High Load
HL High FwaVLfl* Load HM High Fuamddto Load HH High FuaVHigh Load

Figure 8*1. New Kenai-Anchorage Intertie: Net Benefits

Energy Transfer 
S43.42M 35%

RefaHRty 
$40.96M 33%

Reduced Maintenance 
$5.00M 4 %

Spanning Reserves 
$845*4 7 %

Capadiy Sharing 
$24.39M T0%

Energy tranrfarindoctoitraiafer Joes and gas roydty.
Average ot a l acenvkx.

Figure 8-2. New Kenai-Anchorage Intertie: Breakdown o f Expected Benefits
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8^  LIMITED UPGRADE OF THE ANCHORAGE-FAIRBANKS INTERTIE TO
100 MW

Table 8-2 shows the present value of costs and benefits for the limited 
Anchorage-Fairbanks upgrade to 100 MW. Positive benefits are indicated for each 
scenario examined. The expected value of net economic benefit is $35.5 million. The 
expected benefit to cost ratio is 4.45.

Figure 8-3 displays the net benefits estimated for each scenario. Figure 8-4 
shows the relative contribution of each benefit category to the total expected benefits.

Table 8-2

ANCHORAGE-FAIRBANKS UPGRADE TO 100 MW:
SUMMARY OF COSTS AND BENEFITS

Assumptions
Increased 

Econony Reduced
Increased

IncreaaedCapacity Benefit------- ---------- Energy Trana. Gas Sharing Total Total Not to Coot
Scanario Fual Load Tranafer Loaaaa Royalty Benefits Sanafita Coata Sanafita Ratio
Caaa 11 Low Low 55.0 -20.2 6.1 9.2 55.0 10.3 44.7 5.34

Middle 44.6 -16.4 5.3 9.4 47.9 10.3 37.6 4.65
High 40.3 -16.8 5.6 7.6 41.9 10.3 31.6 4.07

Middle Low 25.4 -9.1 2.5 9.2 33.0 10.3 22.7 3.20
Middle 33.6 -12.0 3.3 9.4 39.4 10.3 29.0 3.82
High 51.1 -19.1 5.2 7.6 49.9 10.3 39.5 4.84

High Low 30.9 -10.3 2.9 9.2 37.6 10.3 27.3 3.65
Middle 41.6 -14.0 3.9 9.4 45.9 10.3 35.6 4.46
High 61. S -21.1 5.9 7.6 59.2 • 10.3 48.9 5.74

Caaa 12 Low Low 55.0 -20.2 6.1 9.5 55.4 10.3 45.1 5.37
Middle 44.6 -16.4 5.3 9.9 48.4 10.3 38.1 4.70
High 40.5 -16.1 5.6 8.5 42.8 10.3 32.5 4.15

Middle Low 25.4 -9.1 2.5 9.3 33.3 10.3 23.0 3.23
Middle 33.6 -12.0 3.3 9.9 39.9 10.3 29.6 3.87
High 51.1 -19.1 5.2 8.5 50.7 10.3 40.4 4.92

High Low 30.9 -10.3 2.9 9.5 38.0 10.3 27.7 3.68
Kiddle 41.6 -14.0 3.9 9.9 46.5 10.3 36.2 4.51
High 61.1 -21.1 5.9 8.5 60.1 10.3 49.8 5.83

Notes:
All raluaa ara in 19)0 Million dollara (present value for 1994 through 2043 discounted at 4.5l/yr>
Total benefits includa a reliability banafit of 5.04 million dollara.
Total coata includa capital coata and 04K coata.
Nat Benefits - Total Benefits - Total Coats.
Tabla includaa North Pola adjusts*nt.
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Net Bsnaflts ($M)

Sc*n*ri0

a  Low Foei/Low Load ML MWde Fuel/Low Load HL Ugh FucfLow LoadLM Low Foat/Midds Load MM Mdda Fuol/Mtfda Load HM High FurtMddM LoadLH Low Fuei/High Load MH Middk Fuel/High Load HH High FuatHigh Load

Figure 8-3. Anchorage-Fairbanks Upgrade to 100 MW: Net Benefits

*8.99M20%

Energy transfer Indudes transfer loss 
and 0u royalty.
Average of a l scenarios.

Figure 8*4. Anchorage-Fairbanks Upgrade to 100 MW:
Breakdown o f Expected Benefits
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8.4 HEALY-FAIRBANKS INTERTIE

Table 8-3 shows the present value of coats and benefits for the Healy-Fairbanks 
Northern intertie. Positive benefits aro indicated for each scenario examined. The 
expected value of economic benefit is $41.2 million. The expected benefit to cost ratio 
is 1.64.

Figure 8-5 displays the net benefits estimated for each scenario. Figure 8-6 
shows the relative contribution of each benefit category to the total expected benefits.

Table 8-3

HEALY-FAIRBANKS NORTHERN INTERTIE:
SUMMARY OF COSTS AND BENEFITS

Increased Xnerensed
Assuzaptiona Economy Reduced XneressedCapacity Bensfit

- - - - - - - ------ Energy Trana. Gas Sharing Total Total Met to CostScenario Fuel Load Transfer Losses Royalty Benefits Benefits Costs Benefits Ratio
Casa 11 Lot* Low 84.9 -14.5 10.0 18.0 109.8 64.6 45.3 1.70Middle 92.7 -13.5 9.9 18.2 108.8 64.6 44.3 1.69High '87.9 -11.9 9.9 16.4 113.7 64.6 49.1 1.76Kiddle Low 47.6 2.5 3.7 19.0 83.2 64.6 18.6 1.29Middle 61.7 -1.9 5.3 18.2 94.8 64.6 30.2 1.47High 93.9 -7.7 7.8 16.4 111.9 ,64.6 47.2 1.73High Low 57.7 -1.2 6.3 19.0 92.2 64.6 27.6 1.43Middle 76.1 -5.6 7.7 19.2 107.8 64.6 43.2 1.67

High 97.1 -6.7 8.6 16.4 126.9 64.6 62.3 1.97
Casa 12 Low Low 88.9 -15.9 10.3 17.3 112.2 64.6 47.7 1.74

Middle 87.1 -15.0 10.4 17.7 111.7 64.6 47.2 1.73High 90.7 -13.0 10.2 16.3 115.8 64.6 51.3 1.79
Middle Low 47.7 2.4 3.7 17.3 82.6 64.6 19.1 1.28Middle 61.9 -2.0 5.3 17.7 94.5 64.6 29.9 1.46High 94.0 -7.1 7.9 16.3 111.7 64.6 47.2 1.73
High Low 57.9 -1.3 6.3 17.3 91.7 64.6 *.7.1 1.42

Kiddle 75.4 -5.9 7.7 17.7 107.5 64.6 43.0 1.67
High

• n a n m o M M

97.2 -6.8 1.6 16.3 126.8 64.6 62.3 1.96

Motes:
All values are In 1990 Million dollars (prasant value for 1994 through 2043 discounted at 4.5»/yr)
Total bantfits includa a reliability benefit of 11.52 million dollars.
Total costs includa capital costa and 0(H costs.
Nat Benefits - Total Benefits - Total Coata.
Tabla includas North Pola adjustment.

B1SMU
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P e n s i o n  F o c u s  In c o r p o r a t e d

Net Benefits ($M)

LL LM LH ML MM MH HL HM. HH a  LM LH ML MM MH HL HM HH
Scenerio

LL Low Fual/Low Load LM Low Fmi/Midda Load LH Low Fust/High Load
ML Midda Fosi/Low Load MM Midde Fuai/VSdcJo Load MH Midde Fosl/High Load

HL High Fustlow Load HM High Foamddte Load HH High FueVHtgh Load

Figure 8-5. Healy-Fairbanks Northern Intertie: Net Benefits

Energy Transfer 
$76.91 M  73%

Rstetofflty 
J11.52M 11%

Gapsdty Staring 
J17.32M 16%

Energy transfer Indude# transfer toe#
•nd gs# royalty.
Average of s i  scenario#.

IlMfe

Figure 8-6. Healy-Fairbanks Northern Intertie: Breakdown o f Expected Benefits
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Table 8-4 shows the present value of the incremental costs and benefits for the 
Healy-Fairbanks northern intertie. All costs and benefits presented in Table 8-4 are 
incremental over corresponding costs and benefits of the limited upgrade of the 
Anchorage-Fairbanks line. The expected value of incremental net economic benefits is 
$5.7 million. The expected incrremental benefit to coet ratio is 1.1. Most of the 
examined scenarios show positive incremental net benefits; only three scenarios (all 
with low load forecasts) show small negative incremental net benefits.

Figure 8-7 displays the incremental net benefits estimated for each scenario. 
Figure 8-8 shows the relative contribution of each benefit category to the total expected 
incremental benefits.

Table 8-4

HEALY-FAIRBANKS NORTHERN INTERTIE:
SUMMARY OF COSTS AND BENEFITS 

(INCREMENTAL OVER THE LIMITED UPGRADE OF 
THE ANCHORAGE-FAIRBANKS LINE)

Paste Table 8-4, reduced, here.

Incraaaad Incraaaad
Assumptions Economy suducsd InoraeaedCapacity Banafit

 ———------   tn«rgy Trans. Gas Sharing Total Total hat to CostScsnario Fual Load Tranafar Loaaaa Royalty Benefits Banafita Coata Banafita Ratio
Case 1 Low Low 29.9 5.7 3.9 9.9 54.9 54.2 0.5 1.01Hiddla 39.1 2.9 4.7 9.9 60.9 54.2 6.7 1.12High 47.3 4.9 4.3 9.9 71.9 54.2 17.5 1.32Hiddl a Low 22.1 11.6 1.2 9.9 50.2 54.2 -4.0 0.93Kiddla 29.1 10.1 2.0 9.9 55.4 54.2 1.2 1.02High 32.7 11.4 2.6 1.9 61.9 54.2 7.7 1.14High Low 26.9 9.0 3.4 9.9 54.5 54.2 0.3 1.01Middle 34.4 9.3 3. B 9.9 61.9 54.2 7.6 1.14High 35.3 14.4 2.7 9.9 67.7 54.2 13.4 1.25Casa 2 Low Low 33.9 4.4 4.2 7.9 56.9 54.2 2.6 1.05Kiddla 42.5 1.5 5.1 7.9 63.3 54.2 9.1 1.17High 50.2 3.9 4.6 7.9 73.0 54.2 19.9 1.35Kiddla Low 22.3 11.5 1.2 7.9 49.3 54.2 -4.9 0.91Middle 28.3 10.0 2.0 7.9 54.6 54.2 0.4 1.01Ugh 32.9 11.3 2.6 7.9 61.0 54.2 6.9 1.12High Low 27.0 9.9 3.4 7.3 53.7 54.2 -0.6 0.99Kiddla 34.9 3.2 3.9 7.9 51.1 54.2 6.9 1.13

• I • ■ ■ ■ ■ a * J ■ ■ ■

High 35.4
mmmmmmamm

14.3 2.7 7.9 66.7 54.2 12.5 1.23

Notas:
. All vsluas ars in 1990 million dollara (prasant value fo r  1994 through 2043 diacountad at 4.54/yr).
. Total benefits includa a raliability benefit of 5.49 million dollars.

Total costs includt cspitsl costa snd OtM costs.
Nat Banafit* » Total Banafita - Total Costs.
Ttblt includss North Pola idjujtmsnt.

8-8
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LL LM LH ML MM MH HL HM HH LL LM LH ML MM MH HL HM HH
Scenario

LL Low Fuat/Low Load ML Mktfa Fual/low Load HL Hgh Fual/Low LoadLM Low Fud/Midda Load MM Mddk FuaL/Mdda Load HM High FusVMddM Load
LH Low Fuai/High Load MH Mdda Fuat/High Load HH High FuatHagh Load

Figure 8-7. Healy-Fairbanks Northern Intertie: Net Benefits 
(Incremental Over the Limited Upgrade of the Anchorage-Fairbanks Line)

Ensryy Transfer 
$45.11M 75%

16.46*411%

Capacity Sharing 
$6.33*414%

Enoryy trwfor IrtdudM t n f v  loss and gas royalty.
Avwagt d  a! icsmrios.

Figure 8-8. Healy-Fairbanks Northern Intertie:
Breakdown of Expected Benefits 

(Incremental Over the Limited Upgrade of the Anchorage-Fairbanks Line)

8-9
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A p p e n d i x  A  

B E N E F I T S  O F  I N C R E A S E D  H Y D R O - T H E R M A L  C O O R D I N A T I O N

The efficiency of thermal generation depends on the output level of the power 
plant. Thermal power plants typically operate most efficiently at or near full loading. 
While dispatchers try to achieve the least-cost operation, the electric demand often does 
not match the most efficient power-plant operating level of output. Coordination 
between two or more areas allows a more efficient use of generation resources. For 
example, hydroelectric generation in Kenai can be utilized to increase the generating 
efficiency of the thermal power plants in Anchorage. By adjusting the output level of 
hydroelectric generation in Kenai, the demand served by Anchorage thermal power 
plants can be reshaped by either adding to or subtracting from the natural Anchorage 
electric demand. By properly reshaping the demand served by Anchorage generation, 
more efficient output levels of the Anchorage thermal power plants can be obtained, 
therefore, savings in operating costs can be achieved. Much of these savings, called 
benefits of hydro-thermal coordination, are the result of Bradlt,* lake; however, a new 
Kenai-Anchorage intertie could increase these savings by increasing the coordinp ♦ ion 
capability between the Kenai hydro and the Anchorage thermal systems. The realized 
savings, called benefits of increased hydro-thermal coordination, depend on the following 
four factors:

1. Savings from reshaping Anchorage thermal generation
2. Transmission capacity between Anchorage and Kenai
3. Transmission losses
4. Flexible, low-cost generating' capability in Kenai.

All of these are discussed in more detail in the following subsections. Approximately 
$1.4 million to $3.4 million (in 1990 dollars) of annual benefits accrue to the new 
intertie. These benefits result from increased economy transfers due to the new 
intertie’s higher transfer capability and lower transmission looses.

A-l
HIM*
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A.1 SAVINGS FROM RESHAPING ANCHORAGE THERMAL GENERATION

The efficiency of thermal power plants changes over the range of power-plant 
output.1 For example, Table A-l lists performance data for the Beluga CT #5.

Table A-l

OPERATING PERFORMANCE OF BELUGA CT #5

S o u r c e :

Output
( W )

33
66

(11

Paroant of 
Maxi nun

50
100

Beat Bata
(Btu/kWh)

15012
12963

Fuel Usa
(MBtu/hr)

495.4
855.6

Ignoring transmission losses for the moment, if Beluga CT #5 needed to operate 
at 50 percent loading to serve Anchorage local demand, the Kenai hydro energy could 
meet the demand half the time and Beluga CT #5 could operate at 100 percent loading 
the other half of the time. When Beluga CT #5 operates at full output, half of its 
energy would be transferred to Kenai. At the end of this half-on/half-off cycle of 
Beluga CT #5, the Kenai hydroelectric energy and Beluga CT #5 total electric 
generation would be unaffected, but the energy transfer between Kenai and Anchorage 
would have increased by 396 MWh in each direction; Figure A-l illustrates the process.

During this cycle, the cost of thermal generation would be significantly reduced. 
For example, from Table A-l one can calculate that operating Beluga CT #5 at 
50 percent loading for 24 hours requires 11,890 MBtu. Operating Beluga CT #5 at 
100 percent loading for 12 hours generates an equivalent amount, of electricity but oixly 
requires 10,267 MBtu. Fuel savings of 1623 MBtu (i.e., 11,890 MBtu minus 
10,267 MBtu) are realized by reshaping 396 MWh of energy. On a per unit of energy 
reshaped (i.e. thermal generation shifted through time) basis, this amounts to
4,098 Btu/kWh (i.e., 1,623 MBtu divided by 396 MWh.) As the calculation below 
illustrates, this saving is equivalent to the difference between the heat rate at 
50 percent loading and the incremental heat rate between 50 percent loading and 
100 percent loading;

Total heat rate at 50% loading 
Incremental heat rate between 
50% and 100% loadings 

Difference

15,012 Btu/kWh 
10,914* Btu/kWh

4,098 Btu/kWh

1. The efficiency of a thermal power plant it typically measured in term* of fuel input requirement* per 
unit of electric output, called heat rate*. Efficiency incraaaei with reduced heat rate*, i.e., with reduced 
fuel input per unit of electric output.

2. Urinff the valuee in Table A-l: (885.6 - >i95.4)MBtu/(66 - S3)MW -  10.914 MBtu/MWh or 10,914
Btu/kWh.
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Original 33 MW 396 MWh396 MWh

24 hours

Reshaped 66 MW

Reshaped ^ (thermal)

396 MWh
►

396 MWh
j

396 MWh ------------

...................................... } (hvdro)

1 2  hours

Kenai
Peninsula

Figure A*l. Reshaping Thermal Flnergy Generation

The moat expensive or marginal generating units in operation are the likely 
candidates for thermal energy generation reshaping. Table A-2 lists the heat rate 
performance characteristics for these units in Anchorage. In terms of the difference 
between the total heat rate at 50 percent output and the incremental heat rate 
between 50 percent and 100 percent output, Beluga CT #5 with a value of 
4098 Btu/kWh is representative of this group. Therefore, the magnitude of savings 
illustrated in the previous example would generally carry over to results based on the 
complete set of representative units enumerated in Table A-2.

\

Reshaping thermal energy production will be applied to the marginal unit or the 
unit loaded last. We estimate the marginal units relative likelihood based on the unit’s 
technology. The production simulation results indicate that combined cycles (CC) 
technology will be the marginal operating technology in Anchorage approximately 
75 percent of the time; and gaa turbine or combustion turbine (CT) technology will be 
marginal the remaining 25 percent of the time. We also distinguish between two 
"classes" of CC units: a 50 MW class (represented by AMLP #56 CC) and a 100 MW 
class (represented by Beluga CC #8).

SISMt
A-3
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Table A-2

HEAT RATE PERFORMANCE CHARACTERISTICS OF SELECTED 
ANCHORAGE AREA GENERATING UNITS

(1) (2) (3) (4) (5)

I n c r e m e n t a l
T o t a l  E a s t B e a t  R a t e

tPull R a t e  • 50% 50% t o  100 % Col  (3)
O u t p u t O u t p u t o f  O u t p u t M i n u s

H u m (>«) (Btu/kMh) (Btu/kMh) Col (4)

Beluga C C  #8 101 10,9 81 7,801 3,180
AML P CC #56 47 13, 7 0 0 8,718 4,982
Beluga C T  #3 55 1 3 , 1 3 6 9,552 3, 584
AMLP  CT #8 87 1 4 , 0 2 9 9,591 4, 438
Beluga C T  #5 66 1 5 , 0 1 2 10,914 4,098
AMLP CT #4 33 1 8 , 4 7 5 9,372 9,148

Source: [1]

Based on our examination of the production simulation results, we estimate that 
when the combined cycle is the marginal technology, about half the time the 50 MW 
class would be marginal; during .the other half the larger 100 MW class combined cycle 
would be marginal. If gas turbine technology is marginal, we assessed the relative 
probability of the various units being marginal based primarily on their relative sizes.

Table A-3 lists the technology, representative units, and probability that a 
representative unit is the marginal unit in Anchorage before applying the hydro- 
thermal coordination.

Table A-3

MARGINAL UNIT IN ANCHORAGE BEFORE APPLYING 
HYDRO-THERMAL COORDINATION

Technology 

Combined Cycle

Gas Turbine

Fraction of 
Time

75%

25%

Representative
Unit

Beluga #8 
(100 MW class) 

AMLP #56 
(50 MW class)

Beluga #3 
AMLP #8 
Beluga #5 
AMLP #4

Fraction of 
Time

37.5%

37.5%

5%
9%
8 %

3%

>1M<«
A-4
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The amount of thermal demand which muat be reshaped in order to affect 
hydro-thermal coordination benefits depends on which thermal unit in Anchorage is 
marginal before applying hydro-thermal coordination, and what the loading on that unit 
would otherwise be. Take, for example, a 100 MW class combined cycle unit. Given 
that such a unit is marginal, we conclude that the demand placed on this unit is 
uniformly distributed between its minimum and maximum loadings.1 We reached the 
conclusion of uniform distribution because, given that a unit is the marginally 
committed unit, its loading above minimum will vary randomly based on temperature 
and other random events that affect electric demand. Figure A-2 illustrates a 
cumulative probability distribution of this assessment. This figure illustrates that 
given that the unit is marginal, there is a 100 percent probability that the loading is 
less than 100 MW and 0 percent probability that the loading is less than 25 MW. This 
figure also illustrates other likelihoods, for example the probability of a loading between 
50 MW and 75 MW is 33 percent. This characteristic is important in determining how 
often sufficient transfer capability exists in the Kenai-Anchorage intertie to realize 
hydro thermal coordination. We return to this issue after defining the transmission 
capabilities.

Loading (MW)

Figure A-2. Loading of a Marginal 100 MW Glass Combined Cycle

3. For tha 100 MW dans combinsd cycle, ws assume a 25 MW minimum load.

auefa
A-5
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A-2 KENAI-ANCHORAGE TRANSMISSION LOSSES AND CAPACITY

Transmission losses and ansfer capacity interact to affect the savings of 
reshaping. First, we review the impact of losses. Second, we discuss the impact of 
capacity constraints. Then we review the 100 MW combined-cycle class in detail.

Transmission losses reduce the benefits of reshaping thermal generation because 
they increase the required amount of input energy transfer and limit the potential for 
economic energy transfer between areas. The performance of the proposed 138 KV line 
and the existing 115 KV* line is listed in Table A-4. For the existing line, transmission 
losses are 8.9 percent for the first 40 MW and an incremental 16.6 percent for the 
second 20 MW, with still greater losses for higher loadings. We will use 8.9 percent 
losses as an example now. In order to have 1.0 MWh for reshaping in Anchorage,
1.098 MWh (1.0 MWh/(100% * 8.9%)} must be generated in Kenai. Furthermore, to 
return this 1.087 MWh to Kenai,* 1.2049 MWh (1.098 MWhA100% - 8.9%)} must be 
generated in Anchorage. The right-most column in Table A-4 lists the reshaping 
energy requirement, i.e., the energy required to be generated in Anchorage to allow the 
reshaping of 1 MWh in Anchorage. It is possible that the losses can be so great as to 
prevent economical reshaping.

Table A-4

KENAI-ANCHORAGE TRANSMISSION LINE PERFORMANCE

With a second 
138 KV line

Existing 
115 KV line

Input Incremental Average Output
Reshaping

Energy
Range Losses* Loaaes* Range Requirement
(MW) (%) (%) (MW) (MWh/MWh)

0-60 4.2 4.2 0̂ 57 ’.09
60-90 10.2 6.2 57-84 1.14
90-100 13.2 6.9 84-93 1.15
100-120 15.2 3.3 93-110 1.19
120-155 18.6 10.6 110-139 1.25

0-40 8.9 8.9 0-36 1.20
40-60 16.6 11.5 36-53 1.28
60-70 19.2 12.6 53-61 1.31
70-90 28.7 16.2 61-75 1.42

a. Refer to Section 3.

4. Tho performance of the 115 KV line is shown up to 90 MW input; however, there is uncertainty
concerning tha ability of the line to accept more than 70 MW input
5. Figure A-l illustrates that the Kenai hydro-ensrgy would be uaed for reshaping thermal enorgy
generation in Anchorage. Since Kenai hydro-ensrgy ie leas than the energy requirements in Ksnaj for all
load forecasts, any Kenai hydro-energy transferred to Anchorage would have to be replaced by transferring 
back energy generation from Anchorage or with additional thermal generation in Kenai. Much of the time 
it ie most economical to generate this thermal energy in Anchorage and transmit it to Kenai.

A-6
BUM*



Dtdfjon Focu* IaeorpormUd

Reshaping thermal energy in Anchorage may alio be limited by the total line 
transfer capability. If 100 MW combwed cycle ii marginal, it may be loaded between 
25 MW and 100 MW as illustrated in Figure A-2. With the 138 KV line, any such 
loading can be accommodated; the existing 115 KV line alone has sufficient capability 
to reshape this unit only if its output is leu than 61 MW or 75 MW depending on the 
transfer capacity of the 115 KV line.

We next explain how the transmission losses and transfer limits interact to 
determine what savings are possible given that a specific unit is marginal. Table A-5 
lists the results for 100 MW class combined cycles. In the first full column from the 
left, this taole shows the different performance ranges described in the previous table. 
The next column to the right lists the probability that reshaping falls within a specified 
range of transmission performance. These probabilities are calculated using the 
information illustrated in Figure A-2. This listing confirms that the 138 KV line can 
serve all reshaping demands while the 115 KV Hn* cannot serve reshaping demands for 
this type of generating unit 32.7 percent of the time (i.e., above 75 MW). The next 
column to the right describes the savings obtained by reshaping. These values are 
calculated by substracting from 10,981 Btu/kWh, 7,801 Btu/kWh times the energy ratio 
shown in the right-most column in Table A-4. As one goes down this column for a 
transmission alternative, the savings decrease per kilowatthour reshaped because of 
increased losses. Note that while it may be poesible to transfer up 75 MW output with 
the existing 115 KV line it is uneconomical to reshape above 61 MW. The next column 
to the right indicates the average loading one would expect given the transmission 
system is operating within that performance range. Therefore, the savings would be 
that loading (converted to kilowatts) times the savings in column to the left.*

The average range loading of the line for reshaping listed in Table A-5 is also 
useful in the calculation of unused line transfer capacity which could be used for 
spinning reserve transfers. The line capacity available to transfer spinning reserve is 
listed in the right-moet column. Spinning reserve transfers are also limited by 
generation considerations. When the 100 MW class combined cycle unit is the 
reshaped unit, the calculations show that the 138 KV line always has enough unused 
capability to transfer 30 MW of spinning reserve and can transfer 50 MW of spinning 
reserve 90.8 percent of the time. The remaining 9.2 percent of the time it is limited to 
42 MW.

The calculations summarized here for the 100 MW class combined cycle were 
repeated for all the generating units listed in Table A-l. The results for each specific 
unit were weighted by their respective probability of being the marginal unit. With the 
second 138 KV line, there would be enough capacity to transfer 49.7 MW (on average) 
of spinning reserves. On the other hand, the 115 KV Hne desiring to transfer 30 MW

6. For ftxunplt, for tha f in t row in this tabla, th* aaving* would b* 2,481 Btu/kWh timaa an average 
loading of 41,000 kw or 101 million BtuVhocr. Th* raaulta for th* complete unit would b* obtained 
weighting th**« aaving* by th* probabiliti** that th* loading ia within that rmnga.

sim u A-7
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of spinning reserve only has enough unused line capacity to transfer 28.7 MW (on 
average) if the output rating of the line is 75 MW and 23 MW (on average) if the 
output rating is 61 MW. Table A-6 summarizes the savings from hydrothermal 
coordination averaged across all unit loadings and all units.

Table A-5

PARAMETERS FOR 100 MW CLASS COMBINED 
CYCLE AS THE RESHAPED THERMAL UNIT

Lina
Probability Avarage

Avarage Line 
Capacity and 
Output Avail­

able forOutput Raohaping Range Spinning
ReeerveRange of Loading Savings

CE.WkWh)
Loading(MW) in Rang# (MW) (MW)

With a aecond 0-57 43.3% 2481 41 98138 KV line 57-84 35.9% 2115 71 6884-93 11.6% 1981 89 50

Existing 115 KV

93-110 9.2%
1(553% 1707 97 42

75 max 61 maxline 0-36 15.3% 1581 31 44 1 036-53 22.2% 1028 45 30 1653-61 
61-75 

unit loading too 
big for lin*

10.8%
19.0%
32.7%
1353%

775
0
0

57 18 4 
75 61 
75 61

Table A-6

HOURLY AVERAGE HYDRO-THERMAL COORDINATION SAVINGS

Fuel Savings Average Line
(million Btu Capacity Remaining 

per hour for Spinning
of Reserve Use

reshaping) (MW)7

New 138KV line 356 50

Existing 115KV line
Limited to 75 MW input 125 29
Limited to 90 MW input 128 26

7. Calculation a u u n i i  that maximum spinning re**rv*t arc* limited to 50 MW (actually 49.7 MW) for th* 
138 KV lin* and to 30 MW tor th* 115 KV bn*.

HIM*
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A J KENAI GENERATING CAPABILITY

Reshaping Anchorage thermal generation with imported Kenai hydroelectric 
generation requires sufficient amounts of efficient generating capacity on the Kenai 
Peninsula. With the addition of V '  adley Lake, Kenai hydroelectric generation delivered 
to Soldotna will increase from 17 MW to 133 MW.* Since Kenai's load rarely exceeds 
70 MW,* Kenai generating capability will seldom limit transactions on the existing 
60 MW interconnection to Anchorage.

The new intertie’s capacity is higher and as a result more capability in Kenai 
will sometimes be required. Thus, if the need for Kenai generation in Anchorage 
exceeded the capabilities of Kenai hydroelectric generation, either thermal generation in 
Kenai would be necessary or the reshaping or spinning reserve demand would not be 
served.10 We have analyzed these circumstances and concluded that the vast msyority 
of the time in which greater generation is required in Kenai, the efficient gas turbines 
in Kenai will be sufficient and economic in meeting these increased generating 
requirements. Note that some of the most efficient gas turbines in the Railbelt are 
located on the Kenai Peninsula.

_______________________     Dediiao Focn* IncwyoraUd

A-4 FREQUENCY OF TRANSACTIONS

Transactions to reshape Anchorage thermal generation should occur a substantial 
amount of the time. Our analysis assumes that these transactions would occur about 
90 percent of the time, absent transmission constraints. As a result, reshaping occurs 
approximately 4,000 kilowatthours per year."

With only the existing Kenai-Anchorage transmission line, other uses may 
preclude these reshaping transactions. We estimate that other uses will block 
reshaping on the existing line another 500 hours per year. This is principally a 
consequence of the need to substantially rebuild the existing line as described in 
Appendix B.

8. Based on 114 MW of Bradley Labi energy delivered to Soldotna.

9. Kenai’e current load exceeds 70 MW approximately Wee than 6 percent cf the time; it exceeds 60 MW 
lees than 2 5  percent of the time.

10. Hydro-thermal coordination ie an economy-type transaction and aa such unserved demand does not 
affect reliability. Instead unserved demand refen to unavailable economic savin**.

11. To reshape a thermal gene rating unit in Anchorage requires approximately two houra of transfer 
between Kenai and Anchorage (see Figure A-l). The 4,000 annual hours results from ( 9 0 % )  * (8764 hours 
per year) / (2 hour* use of transmission par hour of reshaping) -  3943.8 hour* reshaped per year.

KUftto
A-9
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A-5 BENEFITS OF NEW KENAI-ANCHORAGE LINE

Table A-7 shows that, with the existing line, the thermal energy transfers 
between Kenai and Anchorage would be around 91 to 98 GWh per year. Table A-8 
shows that these transfers would increase by 104 to 110 GWh per year with the new 
Hne. The net benefits of these increased transfers are around 1.4 to 3.4 million dollars 
per year and are listed in Tcbie A  9 .

c

K1M4* A-10



BfSW
« -
’ 1

Table A-7

K E N A I - A N C H O R A G E  T R A N S F E R S  D U E  T O  
H Y D R O - T H E R M A L  C O O R D I N A T I O N  W I T H  E X I S T I N G  I N T E R T I E

Scenario Fuel Load

Thermal Energy Reshaping Transfers (GWh/yr)
Associated 

Transmission Loss (GWh/yr)South -----> North North -----> South

1994 2002 2010 1994 2002 2010 1994 2002 2010

61 81 81 92 92 92 21 21 21
81 81 81 92 92 92 21 21 21
81 81 81 92 92 92 21 21 21
81 81 81 92 92 92 21 21 21
B1 81 81 92 92 92 21 21 21
81 81 81 92 92 92 21 21 21
81 81 81 • 92 92 92 21 21 21
81 81 81 92 92 92 21 21 21
81 81 81 92 92 92 21 21 21
86 86 86 ■ 98 98 98 23 23 23
86 86 86 ' 98 98 98 23 23 23
86 86 86 98 98 98 23 23 23
86 86 86 98 98 98 23 23 23
86 86 86 98 98 98 23 23 23
86 86 86 98 98 98 23 23 23
86 86 86 98 98 98 23 23 23
86 86 86 98 98 98 23 23 23
86 86 86 98 98 98 23 23 23

Case 1 Low

Middle

High

Case 2 Low

Middle

High

Low
Middle
High
Low
Middle
High
Low
Middle
High
Low
Middle
High
Low
Middle
High
Low
Middle
High
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Table A-8

Scenario

Case 1

Case 2

N E T  I N C R E A S E  ( D E C R E A S E )  IN K E N A I - A N C H O R A G E  H Y D R O - T H E R M A L  
C O O R D I N A T I O N  T R A N S F E R S  D U E  T O  T H E  N E W  1 38 KV  I N T E R T I E

Increase in

Fuel Load

Thermal Energy Reshaping Transfers (CTh/yr)
Change in Associated 

Transmission Losi* (GHh/yrSouth -----> North North -----> South

1994 2002 2010 1994 2002 2010 1994 2002 2010

Low Low 110 110 110 110 110 110 1 1
Middle 110 110 110 110 no 110 1 1
High 110 110 110 n o 110 110 1 1

Middle Low 110 110 110 110 110 n o 1 1
Middle 110 110 110 110 110 110 1 1
High 110 n o 110 110 110 110 1 1

High Low 110 110 110 110 n o 110 1 1
Middle 110 110 110 110 110 110 2 1
High 110 110 no 110 110 110 1 1

Low Low 105 105 105 104 104 104 — 1 "I
Middle 105 105 105 104 104 104 ""1 “I —
High 105 105 105 104 104 104 — 1 ”1 *

Middle Low 105 105 105 104 104 104 “1 —1 ~
Middle 105 105 105 104 104 104 — 1 — X —
High 105 105 105 104 104 104 —1 "X "

High Low 105 105 105 104 104 104 — 1 —1 —
Middle 105 105 105 104 104 104 **X " X
High 105 105 105 104 104 104 —X ” X "
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NET'1 B E N E F I T S  O F  I N C R E A S E D  H Y D R O - T H E R M A L  C O O R D I N A T I O N  D U E  
T O  T H E  N E W  K E N A I - A N C H O R A G E  I N T E R T I E

(million dollars, 1990 dollars)

Table A-9

Increased 
Transfer Benefits (MS/yr)

Reduced 
Transmission Loss (M$/yr) Net Benefits (M$/yr)

CO

Scenario Fuel 

Case 1 Low

Middle

High

Case 2 Low

Middle

High

Load

Low
Middle
High
Low
Middle
High
LOW
Middle
High
Low
Middle
High
Low
Middle
High
Low
Middle
High

J94 2002 2010 1994 2002 2010 1994 2002 2010

1.43 1.60 1.79 -0.01 -0.01 -0.02 1.42 1.59 1.78
1.43 1.60 1.79 -0.01 -0.01 -0.02 1.42 1.59 1.78
1.43 1.60 1.79 -0.01 -0.01 -0.02 1.42 1.59 1.78
1.81 2.17 2.60 -0.02 -0.02 -0.02 1.79 2.15 2.57
1.81 2.17 2.60 -0.02 -0.02 -0.02 1.79 2.15 2.57
1.81 2.17 2.60 70.02 -0.02 -0.02 1.79 2.15 2.57
2.08 2.65 3.39 -0.02 -0.02 -0.03 2.06 2.63 3.36
2.08 2.65 3.39 -0.02 -0.02 -0.03 2.06 2.63 3.36
2 .OB 2.65 3.39 -0.02 -0.02 -0.03 2.06 2.63 3.36
1.39 1.56 1.75 0.01 0.02 0.02 1.41 1.58 1.76
1.39 1.56 1.75 0.01 0.02 0.02 1.41 1.58 1.76
1.39 1.56 1.75 0.01 0.02 0.02 1.41 1.58 1.76
1.76 2.11 2.53 0.02 0.02 0.02 1.77 2.13 2.55
1.76 2.11 2.53 0.02 0.02 0.02 1.77 2.13 2.55
1.76 2.11 2.53 0.02 0.02 0.02 1.77 2.13 2.55
2.02 2.58 3.30 0.02 0.03 0.03 2.04 2.61 3.33
2.02 2.58 3.30 0.02 0.03 0.03 2.04 2.61 3.33
2.02 2.58 3.30 0.02 0.03 0.03 2.04 2.61 3.33
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A p p e n d i x  B  

M O D E L I N G  A S S U M P T I O N S

This appendix summarizes the significant modeling assumptions used in the 
evaluation of the economy energy and transmission loss benefits of the three alternative 
intertie proposals. Unless otherwise noted in this Appendix or in this report, all 
assumptions used in the Reconnaissance Study are used in this analysis.

B.l COSTS AND BENEFITS

All fixed and variable coets, fuel prices, and benefits are reported in 1990 
dollars. The price inflators used to convert the 1987 prices in the Reconnaissance 
Study to 1990 dollars are based on the GNP price inflator as reported in the S u r v e y  o f  
C u r r e n t  B u s i n e s s ,  July 1989.1 Table B-l shows the price inflators assumed for the 
years 1987 to 1990.

For the evaluation of the present value of fixture costs and benefits, we assume 
a discount rate of 4.5 percent, as established by APA

Table B-l

PRICE INFLATORS

Year GNP Inflator
1987-1988 3%
1988-1989 3%
1989-1990 4.5%

B 3  FUEL PRICE FORECASTS

The fuel price forecasts used in this analysis are the same forecasts used in the 
Reconnaissance Study. In this analysis, however, well-head gas prices are assumed 
everywhere, and all transportation charges have been removed.11

1. 'Survsy of Current Budo**," U.S. Department of Camnverca: Bureau of Economic Analysis, Volume 
69, Numbar 6, July 1969, p. 69.

2. Rafsr to Appandix B of tha Raccnnaiasanca Study.

B-l
nyns
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B .3 LOAD FORECASTS

The load forecasts are the same forecasts used in the Reconnaissance Study with 
no changes.'

B.4 BERNICE LAKE UNIT

We assume that the Bernice Lake unit will stay in Kenai.

B J i  SOLDOTNA

The Soldotna plant is assumed to have the same operating and maintenance 
costs as Bernice Lake.

B.6 RECONSTRUCTION OF THE EXISTING KENAI-ANCHORAGE 115 KV
LINE

The existing Kenai-Anchorage line is scheduled for incremental line replacement 
between the years 1994 and 2007.4 In modeling the transfers across the existing line, 
we have adjusted the intertie availability to account for ithis scheduled maintenance. 
Table B-2 shows the estimated number of days of scheduled maintenance and the 
corresponding availability assumed for the existing line. We assume four months of 
winter and eight months of summer.

The KA138 proposal allows for a second line between Kenai and Anchorage that 
would make the deferral of tome of the scheduled maintenance possible. The deferred 
replacement of the existing line is estimated to result in a reduction of lifetime 
maintenance costs of $5 million.

Table B-2

RECONSTRUCTION PLAN OF THE EXISTING 
KENAI-ANCHORAGE 115 KV LINE

Maintenance Days Line Availability
Years Summer Winter Summer Winter

1994-2007 85 14 65 88
2008-2033 14 14 95 88

3. Refer to Appendix C of the Reccnntieeenee Study.

i .  Letter from Gerald Meckey, Planning Engineer, Chugach Electric Aiscdetion, to Salim Jabbour, 
Decision Focue Incorporated, dated September 5, 1989.

BUM*
B-2
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MEMORANDUM

TO: Represent ‘ ‘ Tam Cotten

FROM: Ginny Fay '

Legislative Analyst

RE: Review ofljhe Economic Feasibility Study of the Railbelt Utilities'
Proposed 138 Kilovolt Electrical Interties 
Research Request 90.165

You requested this agency to review the E c o n o m i c  F e a s i b i l i t y  o f  t h e  P r o p o s e d  
1 3 8  K V  T r a n s m i s s i o n  L i n e s  i n  t h e  R a i l b e l t  report which was recently prepared 

for the Railbelt electric u t ilities1 by Decision Focus Incorporated (DFI). 

This same firm prepared the R a i l b e l t  I n t e r t i e  R e c o n n a i s s a n c e  S t u d y :  
B e n e f i t / C o s t  A n a l y s i s  for the Alaska Energy Authority (this study is referred 

to as the AEA study in this memorandum). The AEA study (completed June 1989) 

was conducted to determine the economic feasibility of 230 kilovolt (KV) 

electrical interties between Anchorage and the Kenai Peninsula, and Anchorage 

and Fairbanks, and their alternatives as required by state statute (AS 

44.83.177). Because the 230 KV lines were not found to be economically 

feasible (i.e., they have benefit/cost ratios less than one), the Railbelt 

utilities proposed lower capacity transmission lines and hired DFI to analyze 

their economic feasibility.2 The downsized 138 KV interties would be 

constructed between Kenai and Anchorage (southern line) and between Healy and 

Fairbanks (northern line). The northern line proposal also includes a limited 

upgrade of the existing Anchorage-Fairbanks line (limited AF100).

This memorandum reviews the major economic benefit categories of the 138 KV 

study--reliabi1 i t y , economy energy transfer, capacity sharing, and spinning 

reserve sharing. As a result of time constraints, however, this should not be 
considered a comprehensive review.

The Railbelt electric utilities include Anchorage Municipal Light & 

Power (AML&P), Chugach Electric Association (CEA), Fairbanks Municipal Utility • 

System (FMUS), Golden Valley Electric Association (GVEA), Homer Electric 

Associatior (HEA), and Matanuska Electric Association (MEA).

2Without AEA board action, however, the 138 KV intertie study does not 

constitute a statutorily required feasibility study because it was not 
conducted on the behalf of the state.
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SUMMARY

Description and Costs of the Proposed Interties

The proposed new intertie between Anchorage and the Kenai Peninsula (KA138) 
is a 138 KV version of the 230 KV line between Kenai and Anchorage along the 
Enstar route. This route was the less expensive alternative of the two routes 
analyzed in the AEA study. The capital cost of the KA138 proposal is estimated 
at $64.1 - $65.6 million (Table 1). The limited Anchorage-Fairbanks 100 KV 
upgrade (AF100) is the same proposal for a limited upgrade of the intertie 
between Anchorage and Fairbanks previously considered in the AEA study. The 
upgrade consists of new static VAR systems and series capacitors that will 
increase the capacity of the current line by 30 MW. The capital cost of the 
AF100 upgrade is estimated at $9.4 million in 1990 dollars (Table 1). The 
AF138 proposal is comprised of the limited upgrade of the Anchorage-Fairbanks 
intertie coupled with a new 138 KV line from Healy to Ft. Wainwright. The 
total capital cost of the proposal is $58.7 million (Table 1). This memorandum 

does not review the projects' cost estimates which should also receive 
independent review or review by AEA engineers.

Benefits of the Anchorage-Kenai Peninsula 138 KV Intertie

Decision Focus identifies five major categories of benefits for the southern 
intertie--reliability; economy energy transfer, which includes hydroelectric 
and thermal unit coordination; capacity sharing; spinning reserve sharing; and 

reduced maintenance costs on Chugach Electric Association's existing intertie. 
The total estimated benefit value for these categories is $123 million, which 

is approximately $72 million more than the benefit value estimated for the
Anchorage-Kenai 230 KV line in the AEA study (Table 2).

Review of the DFI KA138 KV study, however, indicates that the benefits are
overstated. Four major errors were made in calculating benefits of the
southern line:

The value of reliability benefits increased from $15.7 million to 
$41.0 million for the southern line as a result of the use of 

different estimates for the value of unserved residential, and 
commercial and industrial energy. The increase in the value of 

commercial and industrial unserved energy resulted from a 
misapplication of survey data which overestimated these benefits 

by approximately $20 million in present value. The calculation 
method and results of the AEA 230 KV study are more accurate (pp. 
10-12).

A computation error was found in the calculation of the benefits 
of hydro-thermal coordination benefits of the new intertie. Hydro- 
thermal coordination allows partly loaded, less efficient thermal 
generating capacity in Anchorage to be turned off and replaced with
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Bradley Lake hydroelectric generation capacity on the Kenai 
Peninsula. Decision Focus, Inc. has recognized this computation 
error, which overstates economy energy transfer benefits of the new 
intertie by $25 million in present value (pp. 12-14).

A second calculation error in the hydro-thermal benefit calculation 
results from using a constant rather than varying gas turbine heat 
rate across turbine loading levels for calculating fuel savings. 
This oversimplification results in an additional $4 million in 
benefits of the new Anchorage-Kenai line (p. 13).

Operating or spinning reserves are the operating capacity that is 
not used to serve the existing load, but instead is available to 
respond quickly to changes in load or electrical demand. The 
operating reserve benefit of upgrading the Anchorage-Kenai intertie 
results from the substitution of operating reserve from the Bradley 

Lake hydroelectric project for gas-fired spinning reserves in 
Anchorage, because Bradley Lake spin is free while gas consumption 

makes thermal spin costly. Decision Focus estimates the value of 
this benefit category at $5.2 to $13.5 million, but a correction 
in the formula used to calculate these benefits reduces the value 
of operating reserve sharing to $2.1 to $5.4 million (p. 28).

In addition to these quantified corrections to the benefit calculation, the net 
benefits of the southern line were substantially increased in the utility study 
as a result of changes in assumptions regarding 1 ) operating and maintenance 

costs of the new line (p. 9); 2) economic life of the new intertie (pp. 9-10); 
and 3) reduced maintenance costs of the existing CEA line (pp. .28-29). 

Assumptions about electrical system optimal dispatch (pp. 13-14) and capacity 
sharing and retirement schedules (pp. 18-27) also result in the overestimate 
of benefits in the analysis. The DFI 138 KV study does not provide adequate 

justification for these changes jn assumptions. Given our time constraints, 
we have not made corrections to these benefit categories have not been 
quantified. To do so would further reduce the estimated benefits.

Benefits of tto» Limited Anchorage-Fairbanks 100 KV Upgrade and Full 138 KV Line

In its analysis, DFI identifies three benefit categories for the northern 
intertie upgrade and a new 138 KV line between Healy and Fairbanks-- 
reliability, economy energy transfer, and capacity sharing. Benefits to the 
limited AF100 upgrade changed relatively little between the AEA 230 KV study 
and the utility 138 KV study (Table 3). However, the incremental benefits of 
the new 138 KV line are overestimated as a result of three major assumptions:

Reliability benefits are overestimated for the northern line as a 
result of the same misapplication of the value of commercial and 
industrial unserved energy described for the southern line (pp. 1 0 - 
12).
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The North Pole operating constraint accounts for the majority of 
northern intertie economy energy benefits but assumptions regarding 
generating unit dispatch overestimate these benefits by $ 3 million. 
In addition, economy energy benefits are overestimated as a result 
of dropping fuel price differential and military load sensitivity 
analyses in the utility 138 KV study that were conducted in the AEA 
study (pp. 14-18).

In addition to these quantified corrections to benefit 
calculations, benefits are overestimated as a result of assumptions 
regarding capacity sharing and retirement schedules (pp. 18-22).

If the construction of the Healy clean coal demonstration project is funded, 

benefits of the interties should be recalculated, A recent letter by DFI 
(Attachment A) indicates that while the Healy facility would not significantly 
affect the benefits of the northern line, it would reduce the reliability and 
capacity sharing benefits of southern intertie (p. 29).

In conclusion, based on this limited review, there appear to be significant 
errors in computations and unjustified changes in assumptions in the recently 
completed Decision Focus 138 KV study. While the limited AF100 upgrade appears 
to continue to have a benefit/cost ratio above one, the construction of either 

a new southern or northern line does not appear to be economically justifiable 

when the errors are corrected. For tin Anchorage-Kenai Peninsula 138 KV 
intertie, our review of benefits indicates that maximum benefits are 
approximately $ 6 8  million. In contrast, DFI calculated benefits of $122.7 

million (Table 2). For the Anchorage-Fairbanks fully upgraded 138 KV line, we 
calculated maximum incremental benefits over the limited upgrade of $45.4 

million while DFI estimated these benefits at $59.9 million (Table 3). It is 
clear that had the 138 KV lines been analyzed under the same assumptions as 
those used in the AEA 230 KV study, the 138 KV lines would not have been found 
economically feasible. A jecision to proceed with these 138 KV intertie 
projects would be based on 'he political rather than economic merits of the 
projects.



E S T I M A T E D  C O S T S  A N D  BENEFITS O F  T H E  P R O P O S E D  1 3 8  K V  ELECTRICAL INTERTIES 

F R O M  T H E  DFI 1 3 8 K V  INTERTIE S T U D Y  

(millions $ 1990)

TABLE 1

Estimated Estimated Benefit to

 Cost(a) Benefits(b) Cost Ratio

N e w  Anchorage-Kenai Intertie 7 4  to 8 6  (c) 114 to 131 1.3 to 1.8

Limited Upgrade Anchorage- 10 4 6  4.4

Fairbanks Intertie

Healy-Fairbanks Intertie

Total 6 4  106 1.6

Incremental(d) 5 4  6 0  1.1

Notes:

a: Includes both capital and operation and maintenance ( O &M) costs; assumes lower cost Enstar route, not Tesoro route, 

b: Present value of total benefits between 1 9 9 4  and 2 0 3 3  for the Kenai-Anchorage line

and between 1 9 9 4  and 2 0 4 3  for the Anchorage-Fairbanks upgrade and Healy-Fairbanks line, 

c: Includes replacement of submarine cable after 2 0  years of service, 

d: Incremental over the limited upgrade of the Anchorage-Fairbanks line.

Source: Dea'sion Focus Inc., "Economic Feasibility of the Proposed 138 K V  Transmission Lines in the Railbelt," December 1989; 

Anchorage-Kenai cost estimates were prepared by Powers Engineers for the Chugach Electric Association; and 

Anchorage-Fairbanks cost estimate w a s  prepared by Harza Engineering C o m p a n y  for the Golden Valley Electric 

Association.

Prepared by the Legislative Research Agency, February 1 9 9 0  (90-165a).



COMPARISON OF BENEFITS AND ASSUMPTIONS OF THE ALASKA ENERGY AUTHORITY 230 KV INTERTIE AND 
THE PROPOSED UTILITY 138 KV INTERTIES 5TUDIES--ANCHORAGE-KENAI PENINSULA INTERTIE 
(millions $ 1990)

TABLE 2

BENEFIT CATEGORY

FUEL PRICES 
Fuel A Load Ferae ail 
Probabilities Changed

Royalties Netted Out

BENEFIT VALUE(o)
AEA/230 KV 138 KV DIFFERENCE

PARTIALLY
CORRECTED
BENEFIT
VALUE* ASSUMPTIONS CHANGED

Weighted probabilities: 60/30/10 for high/medium/low fuel arvd load gro vth forecast in 
reconnaissance study changed lo even weighted probabilities in 138 KV sludy.

Assumes that the price of gas will increase less than inflation and the discount rale, 
i e., belter off to have royalties now than in the future.

Fuel Price Differential 
Extended thru Year 40

Ignores ICF study for AEA which indicates that gas production costs and prices are likely 
to escalate after year 17 of the analysis. This implies convergence of oil and gas prices 
.fler 2010.

REUA8IUTY 15.7 41.0 25.3 20.0 Increased valuo of commercial and industrial unserved energy- different interpretation of data.

INCREASED ENERGY TRANSFER 
Hydro-Thermal Coordinationfc) 
Other Economy Energy

INCREASED CAPACITY SHARING’

INCREASED SPINNING RESERVE 
SHARING

REDUCED MAINTENANCE COSTS’ 

TOTAL
BENEHT-.COST RATIO{b)

22.5
0.0

12.0

0.8

0.0

51.0
0.5

37.5
5.9

24.4

8.9

5.0

122.7
1.6

15.0
5.9

12.4

8.1

5.0

71.7

9.1
5.9

24.4

3.6

Contains a $25 miHkx ■ malltemalkal error; hydro-thermal coordination accounts for 90 
percent ($40 million) or benefits; assumes an optimally dispotched system; in contrast, 
currently $3-6 million annual benefit potential from improved system dispatch (without 
a new intertie) and unutilized hydro-thermal coordination with the Eklulna Dam.

Based on book-life retirement and capacity shortage in the mid-1990s;
recent avoided cost dockets and utility data indicate life extension plans lo 2000-2015.

Improved access lo Kenai excess capacity for reserves; assumes gas generation 
in use on Kenai and no life extension of Anchorage gas units.

5.0 Reduced costs for Chugach Electric's existing interlie.

68.0
0.9

Notes: ’Corrected benefit values are odjusled primarily for mathematical errors and do not inch Je all quantifiable adjustments such as those for capacity sharing, 
reduced maintenance costs, and changes in fuel price assumptions. The corrected benefit total should be viewed as a maximum.
(a) based on average benefit values
(b) based on average benefit and cast value
(c) For the 230KV sludy, this category includes increased stability and energy transfer, ond reduced transmission.

Source: Decision Focus Inc., “Economic Feasibility of the Proposed 138 KV Transmission Lines in the Railbelt," December 1989.

Prepared by the Legislative Research Agency, February 1990 (90- 165b).



COMPARISON OF BENEFITS AND ASSUMPTIONS OF THE ALASKA ENERGY AUTHORITY 230 KV INTERTIE AND 
THE PROPOSED UTILITY 138 KV INTERTIES STUDIES--ANCHORAGE-FAIRBANKS INTERTIE 
(millions $ 1990)

PARTIALLY
BENEFIT VALUE(q) CORRECTED

TABLE 3

BENEFIT CATEGORY AEA/230 KV 138 KV DIFFERENCE BENEFIT VALUE* ASSUMPTIONS CHANGED
UMITED 100 KV UPGRADE
FUEL PRICES 
Fuel A Load Forecast 
Probabilities Changed

Royalties Netted Out

Weighted probabilities: 60/30/10 for high/medium/low fuel and load growth forecast in
AEA sludy changed lo even weighted probabilities in 138 KV sludy. No military load sensitivity analysis.

Assumes lhat the price of gas will increase less than inflation and the discount rale, 
i.e., better off lo have royalties now than in the future.

Fuel Price Differential 
Extended thru Year 50

Ignores ICP sludy for AEA which indicates lhat gas production costs and prices ore likely 
to escalate after year 17 of the analysis, fhis implies convergence of oil and gas prices 
after 2010.

RELIABILITY 0.0 5.0 5.0 Used higher numbers for the cost and amount of unserved energy during outages.

ECONOMY ENERGY 
TRANSFER & RuDUCED 
TRANSMISSION LOSSES

43.0 31.8 (11.2)
Price of coal is assumed constant over the extended 50-year period of analysis 
Fairbanks coal generation displaces a portion of gas-fired economy energy sales over 
the intertie from Anchorage.

CAPACITY SHARING 

TOTAL
BENEFIT:COST RATIOfb)

1.2

44.2
3.9

9.0

45.8
4.4

7.8

1.6

Based on book-life retirement and capacity shortage in the mid-1990s;
recent avoided cost dockets and utility data indicate life extension plans lo 2000-2015.

FULL INTERTIE UPGRADE
FUEL PRICES 
Fuel A Load Forecast 
Probabilities Changed

Same assumption changes as limited upgrade.

Royalties Netted Out

Fuel Price Differvinlial 
Extended thru Yec; 50

RELIABILITY 6.5 4.0

ECONOMY ENERGY 
TRANSFER A REDUCED 
TRANSMISSION LOSSES

45.1 33.1 This benefit category is reduced SI2 million lo correct tor the fuel price 
differential assumption and the North Pole operating constraint.

CAPACITY SHARING 8.3 8.3

TOTAL
3ENEFIT:COST RATIOfb) 
INCREMENTAL B:C RATIOfb)

59.9

1.1

45.4

0.8

Notes: ’Corrected benefit values are adjusted primarily for some inpul assumptions and do not include all quantifiable adjustments »“ch as those for capacity sharing, reduced maintenance costs, and 
changes in fuel price assumptions. Benefits of the AF138 are incremerlol above tha AF 100. The corrected benefit total should be viewed os a maximum.
(a) based on average benefit values.
(b) based on average benefit and cost value

Source: Decision Focus Inc., "Economic Feasibility of the Proposed 138 KV Transmission Lines in the Railbelt," December 1989.

Prepared by the legislative Research Agency. February 1990 (90-165c).
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DESCRIPTIONS AND COSTS OF THE PROPOSED INTERTIES

New Intertie between Anchorage and the Kenai Peninsula (KA138 Intertie)

The KA138 line is a 138 KV version of the 230 KV line between Kenai and 

Anchorage along the Enstar route. This route was the less expensive 
alterr 'tive of the two routes analyzed in the AEA study. The line is comprised 
of three >egment types: steel and wood pole overhead lines, underground cables, 
and a s-omarine cable through Turnagain Arm. Additions to the Huffman and 
International Substations have been considered as design options for the 
substation in Anchorage.

The capital cost of the KA138 proposal, with the Huffman Substation option and 
a 15 peicent contingency, is estimated at $64.1 million in 1990 dollars. The 
capital cost of the proposal, with the International Substation option and a 

15 percent contingency, is estimated at $65.6 million in 1990 dollars (Table

Limited Upgrade of the Anchorage-Fairbanks Intertie (AF100 Upgrade)

The AF100 upgrade is the same proposal for a limited upgrade of the intertie 
between Anchorage and Fairbanks previously considered in the AEA study. The 

upgrade consists of new static VAR systems and series capacitors that will 
increase the capacity of the current line by 30 MW. The capital cost of the 
AF100 upgrade, with a 15 percent contingency, is estimated at $9.4 million in 
1990 dollars (Table l) . 4

New Intertie Between Healy and Fairbanks (AF138 Intertie)

The AF138 proposal is comprised of the limited upgrade of the Anchorage- 

Fairbanks intertie coupled with a new 138 KV line from Healy to Ft. Wainwright. 
The proposed 138 KV line between Healy and Fort Wainwright is a steel-structure 

line that will reduce the transmission losses on the line between Healy and 

Fairbanks, and will increase the transfer capability between Anchorage and 
Fairbanks.

3Both of these cost estimates were prepared by Power Engineers 
Incorporated for CEA in April, 1989.

decision Focus Incorporated, Railbel t  I n t e r t i e  Reconnaissance Study, 
Benefit /Cost  Ana lys is, prepared for the Alaska Power Authority, June 1989.
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The capital cost of the 138 KV line and terminal substations, with a 15 percent 
contingency, is estimated to be $49.3 million in 1990 dollars. 5 Including the 
capital cost of the limited upgrade ($9.4 million in 1990 dollars), the total 
capital cost of the proposal is $58.7 million (Table 1).

This memorandum does not review the projects' cost estimates which should also 
receive independent review or review by AEA engineers.

Operating and Maintenance Cost of the Proposed Interties

The variable costs of an intertie are the annual operating and maintenance 
costs that are associated with the operation of the line. These costs are 
typically expressed as a percentage of the capital cost of the line. In the 
AEA 230 KV study, as well as the previous intertie upgrade analysis6 and the 

analyses for the construction of the existing Anchorage-Healy intertie, the 
variable cost of each line was estimated as 1.5 percent of capital cost. The 
accepted industry standards for calculating these costs are 0.5 to 1.5 percent. 
Because of Alaska's harsh climate and higher cost of living, the 1.5 percent 
estimate has previously been used in Alaska. In the 138 KV study, the variable 
costs of the Anchorage-Fairbanks and the Anchorage-Kenai lines were reduced to
0.5 and 1.0 percent, respectively, based on Railbelt utility input and that of 
engineering consultants. The effect of this change is to reduce costs and 
thus, increase the benefit/cost ratio.

Economic Life of the Interties

The planning horizon of the study is set equal to the expected economic life 

of each intertie. The AEA 230 KV study assumes that the economic life of each 
of the proposed lines is 35 years. The Railbelt utilities indicated that the 
life of a line could be as long as 50 years. Based on DFI personal 
communications, the life of the 138 KV lines were changed to 50 and 40 years 
for the Anchorage-Fairbanks and Anchorage-Kenai lines, respectively. 8 While 
this change increases the net present value of the variable cost of the lines,

5The estimate was prepared by Harza Engineering Company for GVEA, April 
5, 1989.

6Lotus Consulting Group, Railbelt  I n te r t i e  Proposal: Preliminary Economic 
Assessment, prepared for the Alaska Power Authority, March 1987.

7Harza Engineering Company; Flynn & Associates; and Power Engineers--see 
page 2-3 of the 138 KV study for more details.

8See Decision Focus Incorporated, December 1989, p. 2-5 for more detailed 
information on assumptions regarding the economic life of interties.



Representative Cotten 

February 19, 1990 
Page 10

it is more than offset by the increase in the net present value of benefits 
that result from extending the life of tne lines. Thus, the net effect is to 
increase the benefit/cost ratio of the lines.

RELIABILITY BENEFITS

The reliability of an electrical system is important because the value of 
electric power exceeds the cost of producing the power. While the cost to a 
utility of an outage may be relatively small, the value to an industrial or 
commercial customer may be quite large. The proposed upgraded or new interties 
are expected to improve service reliability by reducing both the frequenc” and 
duration of customer outages.

The assessment of the value of improved system reliability requires an estimate 
of the outages that an intertie would avoid and the cost to customers of these 
avoided outages. Decision Focus estimated the impact of the interties on 
customer outages or unserved energy by analyzing the historical outages in the 
Railbelt area and the reduction in outages that could be attributed to new 
interties. For the cost of customer outages, DFI relied on research prepared 
for the Electric Power Research Institute. 9

Decision Focus used similar methodology to calculate the reliability benefits 
for the AEA 230 KV study and the Railbelt utilities' 138 KV study. Benefits, 
however, increased from $14.0 million to $41.0 million for the Anchorage-Kenai 
line and from $1.4 million to $11.5 million for the Anchorage-Fairbanks lines 
as a result of the use of different estimates for the cost and amount of 
unserved energy. The increased value used to calculate the cost of unserved 

commercial and industrial sector unserved energy accounts for the majority of 
this increase.

In the AEA 230 KV study, DFI values unserved residential energy at 
$2.07/kilowatt hour (KWh) based on a study completed by Sangvhi in 1983. More 
recent surveys, reported in the 1989 EPRI study cited above, estimate 
residential Outage costs ranging from $0.21/KWh to $9.91/KWh. Based on this 
more recent information, DFI assumed a cost of $5.00/KWh for residential

T h e  V a l u e  o f  S e r v i c e  R e l i a b i l i t y  t o  C u s t o m e r s , EPRI Report EA-4494, 

prepared for EPRI by Criterion, Incorporated, San Diego, Ca. May 1986; L.V. 
Scott, "Ontario Hydro Surveys on Power Systems Reliability: Summary of Customer 
Viewpoints," compiled in T h e  V a l u e  o f  S e r v i c e  R e l i a b i l i t y  t o  C u s t o m e r s ,  EPRI 
Report EA-4494, May 1986; C u s t o m e r  D e m a n d  f o r  S e r v i c e  R e l i a b i l i t y :  E x i s t i n g  a n d  
P o t e n t i a l  S o u r c e s  o f  I n f o r m a t i o n ,  prepared for EPRI By Laurits Christensen 
Associates, Madison, Wisconsin, May 1989; and A.P. Sanghvi, "Economic Costs of 
Electricity Supply Interruptions: U.S. and Foreign Experience," in T h e  V a l u e  
o f  S e r v i c e  R e l i a b i l i t y  t o  C u s t o m e r s ,  EPRI Report EA-4494, May 1986.
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outages which is the midpoint of the range of results. This change more than 
doubles the residential sector's reliability benefits of the 138 KV line.

Similarly, the benefits of improved industrial and commercial reliability 
increased by a magnitude of two as a result of a different interpretation of 
results from surveys conducted by Ontario Hydro. Based on these surveys, Len 
Scott estimated the dollar per kilowatt hour cost of an outage assuming the 
electrical usage at the time of the outage was 75 percent of annual peak demand 
at the time of the outage, i.e., that the facilities were open and ooerating 
at the time of the outage. 10 This is an accurate interpretation of the survey 
data because the survey question asked for "the cost of an outage that occurs 
at 10 a.m. on a Friday morning in January. " 1 1 In the original AEA 230 KV 
intertie analysis, DFI used Scott's data to calculate the cost of industrial 
and commercial sector unserved energy that could be avoided from the 
construction and/or upgrade of new interties.

In the 1989 EPRI reliability report, Christensen Associates present the results 
of the same Ontario Hydro surveys shown in the Scott report. In this 1989 

report, Christensen Associates explicitly urge caution when using dollars per 
peak kilowatt hour of usage or dollars per average annual usage because their 
inappropriate application can lead to inaccurate results. Based on 
conversation with one of the Christensen analysts and without information 
regarding the actual survey question, DFI changed the formula for calculating 
the cost of unserved energy to reflect average annual demand rather than peak 
demand which is inconsistent with the survey question and thus the calculated 
cost of unserved energy. This change d r  latically increased ^he value of 
industrial and commercial reliability benefits. 13 In light of information on 
the actual survey question, Decision Focu^ investigators acknowledged that the 

formula was misapplied in the utility 138 KV intertie study. 1 4 This results

1 0L.V. Scott, May 1986.

11Dick Emerman, senior economist, Alaska Energy Authority, personal 
communication, January 10, 1990, based on his conversation with David Glyer, 
Laurits Christensen Associates, January 1990; Ginny Fay, personal communication 
with David Slyer, February 16, 1990.

12Laurits R. Christensen Associates, 1989, p. 2-14.

13The average annual or peak demand figure is in the denominator of the 

formula which is wny dividing by average annual (a smaller number), gives a • 
higher cost of unserved energy.

u Meeting with Decision Focus Incorporated principal investigators Salim 
Jabbour and Richard Fancher, Anchorage, January 30, 1990. The analysts, 

however, maintain that despite the misapplication of the formula, the result 
is correct.
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in an overestimate of intertie benefits of the southern line by approximately 
$15 million and the northern line by approximately $5 million.

ECONOMY ENERGY TRANSFER AND HYDRO-THERMAL COORDINATION BENEFITS

Economy energy benefits are realized when an intertie allows energy to be 
transferred from a lower-cost area to displace energy that would otherwise be 
produced in a higher-cost area. Increases in transmission capacity can provide 
the opportunity for additional economy energy savings. According to Decision 
Focus's analysis, benefits between Anchorage and Fairbanks are primarily a 
result of disparities in power production costs in the two areas. Partially 
as a result of their conclusions regarding the optimal dispatch of Fairbanks 
power generating units (i.e., Iv^ited operation of the FMUS coal facility), 
peak demand in Fairbanks exceeds tne transfer capacity of the current intertie. 
Therefore, the benefits of both the AF100 and AF138 are attributable to 

alleviating the capacity constraint of the current line. In contrast, the 
benefits of the new Kenai-Anchorage line are alnost entirely the result of 

increased coordination of hydroelectric and thermal generating units.

In their study, DFI simultaneously analyzed economy energy and transmission 
loss savings using the Over/Under production simulation mode'i. 15 A number of 

adjustments were subsequently made to the Over/Under results as follows:

for the AFloO and AF138 options, an adjustment was made to account 
for the "North Pole operating constraint (explained below),"

for the KA138 intertie, an adjustment was made to account for the 
increased transfer levels to replace the less efficient performance 

of partly loaded gas-fired turbines with Bradley Lake hydroelectric 
power, i.e., hydro-thermal coordination;

and for all intertie options, an adjustment was made for the 
benefits from the collection of gas royalty and severance taxes.

These adjustment*; account for a substantial portion of the economy energy 
transfer benefits of the intertie and are discussed in the remainder of this 
section.

Economy Energy Transfers Between the Kenai Peninsula and Anchorage

While both Anchorage and the Kenai Peninsula have gas-fired generating units, 
Anchorage's units are more efficient. As a result, little or no economy energy

15The Over/Under model is a long-term capacity expansion/production 
simulation model that was developed by DFI for the EPRI.
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benefit can be gained from operating the gas units on the Kenai Peninsula. In 
addition, after the completion of the Bradley Lake hydroelectric project, the 
Kenai Peninsula will have substantial hydroelectric resources. The available 
hydroelectric resources over the course of the average year, however, will be 
less than the anticipated energy requirements on the Kenai Peninsula. 
Therefore, Kenai continues to be a net importer of energy from Anchorage.

The main component of expected transfers between Anchorage and the Kenai 
Peninsula is based on the optimal pattern of dispatch of energy from Bradley 
Lake. Bradley Lake has sufficient water storage capability to allow hydro 
energy production during the winter months in excess of Kenai Peninsula demand 
requirements. In addition, the Bradley and Cooper Lake facilities provide more 
power than needed to meet Kenai peak demand. Therefore, some of this excess 
capacity can be used to allow the turning off of less efficient, only partly 
loaded gas-fired turbines operating in the Anchorage area.

However, there are two major errors in DFI's analysis of hydro-thermal 

coordination benefits. The first is a calculation error which results in a $25 
million overestimate of benefits. The error involves a fuel savings estimate 
in millions of Btu per hour of hydro-thermal reshaping located in Table A- 6  on 
page A - 8  of the utility 138 KV report. In the first column of Table A-6 , the 
figure "356" should read "132" and the figure "125" should read "55. 1 , 16

The second miscalculation results from using a constant rather than varying gas 
turbine heat rate across loading levels for calculating fuel savings for hydro- 
thermal coordination. Gas turbines operating at full load have their most 
optimal, efficient heat rates. As turbine loading is reduced, the heat rate 

increases (in Btu's per KWh). To accurately calculate fuel savings from 
turning off turbines in Anchorage, this varying heat rate efficiency needs to 
be taken into account. Use of a constant, 50 percent loaded, turbine heat 
rate overestimates the savings potential of the new intertie. This 
oversimplification results in an additional $4 million overestimate in benefits 
of the new Anchorage-Kenai intertie. 1 7

A third problem with the hydro-thermal coordination benefits calculation is 

that it assumes that after the Bradley Lake project is completed and a new 
Anchorage-Kenii intertie is constructed, the electrical system will be 

optimally dispatched 1 n order to capture che potent ia l benefits of the system. 
If optimal dispatch does not occur, these benefits will be realized. Salim 
Jabbour, principal investigator, DFI, estimated that $3-$6 million in annual 

savings are currently available in the Railbelt if the system were optimally 
dispatched. In calculating potential benefits of a new intertie, DFI attempted

16Richard Fancher of DFI confirmed this calculation error in Anchorage
on January 30, 1990.

17Ibid.
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to compare optimal systems with and without a new intertie. It is not clear, 
however, whether the effects of the currently suboptimal system are fully 
removed because data from actual utility dispatch patterns is used to determine 
which gas-fired unit would be shut off under hydro-thermal coordination, i.e., 
a 100 MW unit. The size of this unit, i.\ turn, results in the capacity of the 
existing intertie being insufficient to turn off the unit. If, however, all 
of the units in Anchorage were optimally dispatched by one control center, it 
is likely that the unit identified to be the "marginal" unit to be shut off 
(from the historical utility data) would be smaller than 100 MW. If so, the 
current intertie capacity may be sufficient to shut off the unit.

The most significant problem with the hydro-thermal benefit category, however, 
is the assumption that these potential benefits would be realized through 
optimal utility dispatch in the Railbelt given the significant utility and 
ratepayer savings that are-currently available but unrealized. There will be 
even less market incentive for the utilities to capture the potential new 
intertie benefits because the intertie will be financed by a state grant. 
Decision Focus investigators suggested that to increase the likelihood of 

capturing hydro-thermal coordination benefits, a condition of a state grant 
should be the development of a single utility dispatch control center in 
Anchorage for the southern Railbelt and one control center in Fairbanks for the 
northern Railbelt (the latter is currently the case) . 18

Economy Energy Transfers Between Anchorage and Fairbanks

In the system simulation conducted by DFI, nearly all transfers of power 

between Anchorage and Fairbanks flow from south to north because Anchorage gas- 
fired generation costs less than Fairbanks oil-fired power. Fairbanks first 
relies upon its existing coal-fired capacity. In the absence of an intertie, 

Fairbanks would next rely upon existing oil-fired generation capacity. An 
intertie allows the displacement of higher cost Fairbanks oil-fired generation 
with lower cost Anchorage gas-fired generation. Increased transmission line 
capacity allows Fairbanks to take advantage of increased economy energy 
transfers as Fairbanks electrical demand grows. Most (73 percent) of the 

benefits of the AF100 upgrade and the construction of a new Healy-Fairbanks 138 
KV line result from increased economy energy transfers. However, these 
benefits are driven by three significant assumptions.

North Pole Operating Constraint. The first key assumption is the so-called 

"North Pole operating constraint." The North Pole operating constraint occurs 

because of tha poor part-load performance of the Golden Valley Electric 
Association (GVEA) two 61 MW oil-fired combustion turbines located at North 1 

Pole. To be economically most efficient, the units must be operated above a

18Keet ing with Salim Jabbour and Richard Fancher, DFI, Anchorage, January 
30, 19rJ.
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minimum load level. When demand in Fairbanks for energy over the intertie 
exceeds the intertie capacity, one of the North Pole units must be started. 
Recause the minimum economic level of operation of these units is relatively 

high, intertie purchases are reduced whenever a North pole unit is started, 
even if Fairbanks demand only minimally exceeds intertie capacity. The AF100 
and AF138 projects would reduce or eliminate this North Pole constraint by 
allowing a higher level of energy transfer into Fairbanks from Anchorage. As 
a result, there would be fewer occasions for the North Pole units to be 
started.

There are three problems with the calculation of benefits from eliminating the 
North Pole operating constraints. The first is that the DFI North Pole 
calculation assumes that the Fairbanks Municipal Utility System (FMUS) 20 MW 
coal-fired Chena #5 unit is not operated before the North Pole units until 
after the intertie reaches its full capacity. This occurs most often under the 
lower fuel price scenarios when full-load heat rates of Fairbanks generating 
units are compared. In contrast, DFI's Over/Under simulation model shows the 
Chena #5 unit operating after the year 2002. In actuality, part-load heat 
rates indicate '>at the FMUS Chena #5 coal-fired unit should be dispatched 
before any part leading of North Pole units. In fact, FMUS baseloads the Chena 
#5 unit. This correction reduces the incremental benefits of the AF138 over 
the AF100 by approximately $3 million.

The second problem with the North Pole constraint analysis is that the 

Fairbanks load forecast used by DFI assumes that the Fairbanks utilities supply 
power to the military. In the Railbelt electrical demand forecast conducted 
for the AEA by the University of Alaska, Institute of Social and Economic 
Research (ISER), Scott Goldsmith indicated that the extent to which Fairbanks 
utilities will supply military power in the future is uncertain. As a result, 
the military load should be subjected to a sensitivity analysis--this was done 
in the AEA study. Because no sensitivity analysis was done in the utility 
138 KV study to determine the impact of this assumption, economy energy 
benefits are overestimated. The frequency of the North Pole operating 
constraint would be reduced without the military demand.

The third problem with the benefits attributed to> the North Pole constraint is 

that it does not take into consideration the current negotiations between GVEA 
and FMUS regarding the sale of FMUS' 20 MW oil-fired Chena H6 unit. 19 

Currently, this unit is not operating because its location on the Chena River 
causes water quality problems from fuel storage and leakage. The cost estimate 
for moving the unit to GVEA's North Pole facility is approximately $2 million. 
Given the significant level of intertie benefits attributable to the North Pole

Information on this purchase was not considered in the utility 138 KV 

study because this information was not provided to DFI. The information was 
contained in North American Electric Reliability Council (NERC) filings 
submitted to the AEA by FMUS and GVEA.
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operating constraint, moving a generator appears more cost effective than the 
construction of the new AF138. If each of the transactions were to be 
privately financed, it is doubtful that GVEA would construct a new power line 
rather than move an idle generator.

Fuel Price Differentials. As part of the Railbelt alternatives study, the AEA 
contracted with ICF, Inc. to analyze fuel costs in the Railbelt. 20 Based on 
the ICF analysis, the AEA developed fuel price forecasts and estimates of price 
differentials between major fuel types in the Railbelt--natural gas, fuel oil, 
and coal. Economy energy sales over electrical transmission lines are 
motivated by fuel price differentials because lower cost power is transmitted 
to regions with higher cost power.

In their utility 138 KV analysis, DFI made two significant departures from fuel 
price assumptions used in the earlier AEA 230 KV study. The first is changing 
the probability weighting of the fuel price forecasts. In the AEA study, the 
low, middle, and high fuel forecasts were given a 60, 30, and 10 percent 
probability weighting for calculating the potential benefits of the 
upgraded/new interties. In the utility 138 KV study, the fuel forecasts were 
given equally weighted probabilities (i.e., 3S.3 percent each). The effect of 
this change in weighting is to increase the forecasted fuel prices and the 
benefits of economy energy sales to the southern line. As a result of the 

relative coal price differential, changing the fuel forecast probabilities 
lowered the economy energy benefits of the northern line (i.e., Fairbanks 

produced coal power replaces natural gas economy energy sales because of the 
higher price of natural gas). There was no justification given for changing 
the forecast probabilities.

The second change made in the utility 138 KV study was to remove the 
sensitivity analysis for fuel price differentials after the year 2010. In the 
ICF analysis, fuel prices were forecasted through the year 2010. The life of 
the intertie projects, however, extends beyond that time horizon. Therefore, 

assumptions about fuel price differentials must be made after the year 2 0 1 0 . 

One of the sensitivity analyses conducted was to collapse the price 
differential between Cook Inlet natural gas and Fairbanks fue1 oil based on the 
sharply rising marginal cost of Cook Inlet gas reserves as gas is depleted. 21

ICF Incorporated, F u e l  P r i c e  O u t l o o k s :  C r u d e  O i l ,  N a t u r a l  G a s ,  a n d  F u e l  
O i l ,  R a i l b e l t  I n t e r t i e  R e c o n n a i s s a n c e  S t u d y ,  Volume 4, prepared for the Alaska 
Power Authority, August 1988.

21Fuel price differentials and this sensitivity analysis is discussed at 
length in Appendix B of the DFI report prepared for the AEA. See especially 
pages B-4 and B-5.
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The effect of this Cook Inlet natural gas price increase is to remove the price 
differential between Cook Inlet natural gas and Fairbanks fuel oil after the 
year 2015, which would significantly erode the calculated benefits of economy 
energy transfers from Anchorage to Fairbanks. This is especially true in the 
utility 138 KV study because the life of the new Healy-Fairbanks intertie was 
increased from 35 to 50 years. Given the uncertainty of this distant time 
horizon and the level of known reserves of Cool Inlet natural gas, a fuel price 
differential sensitivity analysis should be conducted; no justification was 
given for removing the analysis from the utility report. 22 Maintaining a fuel 
price differential between 2020 and 2043 overstates the net present value of 
the incremental benefits of the AF138 over the AF100 by about $10 million.

Gas Royalty Benefits. A benefit category that was not included in the AEA 230 
KV study but was added to the utilitv 138 KV study is the benefits from 
increased gas royalties. This cate was added on the premise that the new 
Anchorage-Fairbanks intertie would » . increased gas substitution for oil,
and therefore, would increase Alaska s royalty and severance taxes. This 
benefit calculation assumes that the price of natural gas will increase less 
than inflation plus the discount rate. To the extent that this assumption is 
incorrect, the benefit calculation overestimates actual benefits.

According to DFI, the royalty benefit calculation is adjusted "in the later 
years when the gas supply is depleted." However, it appears that there is no 
adjustment made for increased gas prices as Cook Inlet gas is depleted. The
increase in gas prices could more than offset any increase in the present value
of gas royalties and severance taxes that results from moving these payments 

forward in time. In addition, if gas resources are depleted in the next 50 
years as DFI indicates--based on ICF's analysis--then maintaining a constant 
fuel price differential between natural gas and fuel oil to calculate the
benefits of economy energy sales is inconsistent.

^Maintaining a constant fuel price differential also contradicts the 
statement made on page 5-3 of the utility 138 KV report regardiny benefits 

from increased gas royalties. In this section, DFI states that "benefits from 
increased gas royalties are reduced in later years when the gas supply is 
depleted." Economic logic dictates that as Cook Inlet gas is depleted, it: 
price will increase. This will, in turn, reduce or eliminate the price 
differential between Cook Inlet natural gas and Fairbanks fuel oil and thus, 
the benefits of increased economy energy sales over the intertie.

^Gas royalty and severance tax benefits were not included in the 
feasibility analysis for the existing state-owned and constructed Anchorage- 
Fairbanks intertie. Nor were foregone natural gas royalties and severance 
taxes calculated as a cost in the Bradley Lake hydroelectric project analysis. 
If they had been, even with the sunk costs and higher gas prices assumed in 
1987, the project may not have been found economically feasible.
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CAPACITY SHARING BENEFITS

Electric power system interconnections throjgh transmission lines allow one or 
more areas to share generation capacity and/or reduce required generation 
reserve margins without compromising system reliability. New or upgraded 

interties can reduce future investment costs by deferring or avoiding the need 
for generation capacity. During the period of analysis, the Railbelt will have 
two areas (Kenai and Fairbanks) with capacity surpluses, while one area 
(Anchorage) will eventually have a capacity shortage, Capacity deferral 
benefits are possible through increased power transmission between the surplus 
and shortage areas. Decision Focus analyzed the potential benefits of both 
capacity deferral and avoidance. This section primarily reviews the benefits 
attributable to capacity deferment.

Decision Focus calculated capacity deferment benefits based on generation 
capacity retirement schedules and a 2 0 -year life of new gas turbines as 
provided by the Railbelt utilities. According to a recent AML&P study, u  they 

intend to retire two units in 1992 after 30 and 28 years of life, which makes 
the 20-year lifespan a questionable assumption. The use of the conservative 
2 0 -year life span results in an increase in capacity deferral benefits.

The new KA138 intertie results in capacity deferment benefits because it has 
a higher transfer capacity than the existing intertie. To calculate capacity 
deferment benefits, DFI models two transfer capacity cases for the existing 
intertie. In Case 1, the existing intertie transfers 75 MW of input and 60 MW 
of output (the difference is customer usage along the line and line transfer 
losses). In Case 2, the existing line transfers 90 MW of input and provides 
75 MW of output. In their analysis, however, DFI erroneously modelled 8 8 MW 
of output for Case 2 which understated the benefits of the new intertie.

This understatement, however, is more than compensated by the considerable 

disagreement over the actual transfer capacity of the Anchorage-Kenai line. 
Two transfer capacities were modelled primarily because of this disagreement. 

The engineering consultant for the Alaska Energy Authori'y, PTI, indicates that 
the existing intertie can routinely transfer 90 MW input and 75 MW output. 25 

However, this would be the upper transfer capability of the existing line in 
the absence of "technical fixes;" the line's transfer capacity continues to be 
the topic of considerable debate. To the extent that the existing line's 
transfer capacity can be increased, the capacity benefits of a new line are 
significantly eroded.

2;Annhorage Municipal Light & Power, "Explanation and Support for Avoided 
Cost Tariff Proposed by ML&P," October 25, 1989, p. 8 .

25PTI, "Kenai Export Limits With and Without a New Line With and Without 
Additional Compensation," PTI Report Number R106-89, November 30, 1989.
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Another significant problem with the estimate of capacity deferment benefits 
results from the inconsistency between generation capacity retirement schedules 
used for the intertie analyses, and those provided to the AEA for a North 
American Electric Reliability Council (NERC) study, and for calculating utility 
avoided costs. Information on current Railbelt standing capacity and 

retirement of that capacity is presented in Tables 4 - 6 for the subregions of 
Anchorage, the Kenai Peninsula, and Fairbanks. These tables are based on 
utility system modelling used by DFI (Appendix F, AEA study). The same system 
modelling was used for both the AEA and utility studies (see Attachment B).

In this memorandum, the DFI information has been adjusted to account for the 
extension of the operating life of existing equipment. This life extension is 
based on utility information for 1 ) avoided cost hearings26 and 2) the NERC 
survey identified above. Thus, the primary difference between DFI's capacity 
and retirement schedules and those in Tables 4 - 6 is that DFI assumes no 
capacity life extension, while according to the information presented for 
calculating avoided costs and provided to NERC, a considerable amount of life 
extension is anticipated. The generating units to be overhauled or rebuilt are 
identified as such in the tables. These tables assume one major rebuild that 
increases the life of the unit by 15 years. In addition, according to CEA's 

NERC report, the Bernice Lake #4 natural gas turbine is being moved to 
Anchorage in 1994 and, therefore, is reflected as such in these tables. 
Movement of this unit further reduces the capacity constraint of the existing 
Anchorage-Kenai intertie.

Figures 1 - 4 illustrate total installed capacity, capacity retirement, and 
forecasted low, middle, and high electrical power demand in the Railbelt and 

its subregions from 1994 through 2025. Information on installed capacity and 
retirement dates is from Tables 4 - 6 .  The energy demand forecasts are from 
the University of Alaska, Institute of Social and Economic Research analysis 

for the Railbelt intertie study. 27 The demand forecasts are peak demand and 
include a 30 percent reserve margin. According to Figure 1, under the high 
forecast the Railbelt will need no additional generating capacity until the 
year 2007; under the low demand forecast, no additional capacity will be needed

Under the Public Utilities Regulatory Policies Act of 1978 (PURPA), 
utilities must purchase power from independent qualifying facilities at their 
avoided energy costs which is defined as the cost of the next increment of 

power they would produce. There is inconsistency, however, between AML&P's 
avoided cost and NERC information. For AML&P retirements in the 1990s, NERC 
survey information was used.

27University of Alaska Anchorage, Institute of Social and Economic 
Research in collaboration with Adams, Morgenthaler, & Company, Inc.; Regional 
Economic Research, Inc.; and James E. McMahon; Forecast o f  E le c t r ic i t y  Demand 
in the Alaska Rai lbe l t  Region: 1988-2010; prepared for the Alaska Power 
Authority, April 30, 1989.
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until 2009. Anchorage will be short of capacity sometime between 2007 and 
2009. This, however, does not take into consideration potential power sales 
from the Kenai Peninsula that will have ample capacity throughout the period 
of analysis.

Determining the value of capacity deferment first requires the calculation of 
the amount of capacity deferred through the retirement schedules described 
above. The second part of the calculation is the estimate of the cost of the 
capacity that is deferred. In their analysis, DFI estimates that the cost of 
deferred capacity is $51/KW/year. However, prior to 2007 when additional 
capacity is required in the Railbelt, the replacement cost of gas turbines 
overestimates the potential capacity sharing benefits because the cost of life 
extension is less than S51/KW/year, In their avoided cost proposal, AML&P 
suggests that gas turbines can be life extended for only the cost of fixed 
operation and maintenance, $13/KW/year, 74 percent less the $51/KW/year in the 
DFI study. While AML&P's cost estimate seems extremely low, it indicates that 
capacity can be acquired at considerably less than DFI's estimates. In the 
utility report, DFI acknowledges (p. 6-5) that the extent to which capacity is 

life-extended rather than replaced will reduce capacity sharing benefits.



TABLE 4
POWER PRODUCTION CAPACITY AND RETIREMENT IN ANCHORAGE

Generating
Unit Principal C apac ity Retirement

Unit name O w ner Fuel (MW) Date

Eklutna APAd Hydro 30.0 . . . .

AMLPCT#1 AMLP NG 16 2015(a)
AMLPCT#2 AMLP NG 16 2015(a)
AMLPCT#3 AMLP NG 19 2015(a)
AMLPCT#4 AMLP NG 33 2015(a)
AMLPCC# 56 AMLP NG 47 2015(b)
AMLPCC#76 AMLP NG 109 2014(b)
AMLPCT#8 AMLP NG 87 —

BEL CT# 1 CEA NG 17 2002
BEL CT#2 CEA NG 17 2006
BEL CT# 3 CEA NG 55 2003
BEL CT# 4 CEA NG 9 1994
BEL CT#5 CEA NG 66 2006
BEL CC#68 CEA NG 101 2008
BEL CC#78 CEA NG 101 2008
INT a #  1 CEA NG 16 1996
INT CT#2 CEA NG 16 19 97
INT CT#3 CEA NG 19 1997
INT CT# 5  

Notes:

CEA NG 25 ....(c)

(a) Units are repowered to 13,500 btu/kwh and life extended.
(b) Retrofitted and remains constant throughout the study period.
(c) This unit is moved in 1994 from the Kenai Peninsula to Anchorage.

Legend: AP4 d= Alaska Power Administration
AMLP= Anchorage Munia'pal Light and Power 
CEA= Chugach Electric Association 
CT= Combustion Turbine 
NG= Natural Gas

Source: Decision Focus Inc., "Railbelt Intertie Reconnaissance Study,"
prepared for the Alaska Power Authority, June 1989; Railbelt utility 
data submitted for North American Electric Reliabilty Council study,
December 1989 ; and Anchorage Municipal Light & Power, "Explanation and 
Support for Avoided Cost Tariff Proposed by ML&P," October 25 , 1989 .

Prepared by the Legislative Research Agency, February 1990 (90-165d).
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TABLE 5

Unit N am e

BERNCT#1 
BERNCT# 2  
BERNCT# 3  
BERNCT# 4  
COOPER LAKE 
SOLDOTCT#l 
SELDIC# 1-4 
SESIC# l-3 
BRADLEY LAKE

Legend:

Unit
O wner

CEA
CEA
CEA
CEA
CEA

AEG&T
HEA
SES
AEA

Principal
Fuel

NG
NG
NG
NG

Hydro
NG
OIL
OIL

Hydro

G enera ting
C apac ity

(MW)

8

18

25

25

17

39

2.1

10.5

119

CEA= Chugach Electric Association 
AEG&T= Alaska Electric Generation and 

Transmission Cooperative 
HEA= Homer Electric Association 
SES= Seward Electric System 
CT= Combustion Turbine 
NG= Natural Gas 
IC= Internal Combustion

Retirement
Date

1994

2006

2019(a)
2004 (b)

--(a)
2015(a)
2010 (a)

Notes:
(a) Units are life extended and remain constant throughout analysis.
(b) This unit is moved to Anchorage in 1994 .

Source: Decision Focus Inc., "Railbelt Intertie Reconnaissance Study,"
prepared for the Alaska Power Authority, June 1989; Railbelt utility 
data submitted for North American Electric Reliabilly Council study, 
December 1989 .

Prepared by the Legislative Research Agency, February 1990 (90-165E).



TABLE 6
POWER PRODUCTION CAPACITY AND RETIREMENT IN FAIRBANKS

G enera ting
Unit Principal C apacity

Unit Name O wner Fuel (MW)

CHENST# 1 FMUS Coal 5
CHENST#2 FMUS Coal 2
CHENST#3 FMUS Coal 1.5
CHENCT#4 FMUS Oil 6
CHENST# 5 FMUS Coal 20
CHENCT#6 FMUS Oil 26
FMUSIC# 1 FMUS Oil 2.8
FMUSIC#2 FMUS Oil 2.8
FMUSIC# 3 FMUS Oil 2.8

HEALST#1 GVEA Coal 25
HEALIC#2 GVEA Oil 2.8
NOPOCT#l GVEA Oil 61
NOPOCT#2 GVEA Oil 61
ZENCT#1 GVEA Oil 18
ZENCT#2 GVEA Oil 18
DSLIC# 1 -8 GVEA Oil 14.7

Legend: FMUS= Fairbanks Municipal Electric Association
GVEA= Golden Valley Electric Association 
ST= Steam Turbine 
CT= Combustion Turbine 
IC= Internal Comustion

Notes:
(a) Units are life e.xtended and remain constant throughout the analysis. 
‘ Chena Unit # 4  Not Currently Operating; # 6  possible sale ft'. GVEA.

Source: Decision Focus Inc., "Railbelt Intertie Reconnaissance Study,"
prepared for the Alaska Power Authority, June 1989 ; Railbelt utility 
data submitted for North American Electric Reliabilty Council study, 
December 1989 .

Retirement
D a t e

2001

2000

1995 

1987 

2010 

2006 

1992 

1992

1996

2017(a)
1997 

2021(a) 
2022 (a) 
2016 (a) 
2002 

2011

Prepared by the Legislative Research Agency, February 1990 (90-165F).



FIGURE I

T o t a l  Railbelt Installed C a p a c i t y  a n d  D e m a n d  F o r e c a s t s
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FIGURE 2

A n c h o r a g e  Installed C a p a c i t y  a n d  D e m a n d  F o r e c a s t s
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Prepared bv the Leqislative Research Agency. January 1990.Source: Decision Focus, Inc., 1989



FIGURE 3

K e n a i  P e n i n s u l a  Installed C a p a c i t y  a n d  D e m a n d  F o r e c a s t s
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FIGURE 4

F a i r b a n k s  Installed C a p a c i t y  a n d  D e m a n d  F o r e c a s t s
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Source: Decision Focus. Inc., 1989. _______________ Prepared by the Legislative Research_AflencYJ_Januar
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OPERATING OR SPINNING RESERVE SHARING

Operating or spinning reserves are the operating capacity that is not being 

used to serve the existing load. Instead, it is available to respond to a 
change in load. For example, a 40 MW unit that is serving a 20 MW load is 

providing 20 MW of load and 20 MW of spinning reserves. Operating or spinning 
reserves are used to respond to changes in customer demand and failures in the 

electric generation and/or transmission system. In this manner, operating 
reserves improve system reliability, but they also add to system costs. The 
operating reserve benefit of upgrading the Anchorage-Kenai intertie results 
from the substitution of operating reserve from the Bradley Lake hydroelectric 
project for gas-fired spin in Anchorage because Bradley Lake spin is free while 
gas consumption makes thermal spin costly.

In their analysis, DFI estimates that the new 138 KV Anchorage-Kenai line would 
increase operating reserves sharing and result in $5.2 to $13.5 million .in 
benefits. This is based on DFI examination of operating records of CEA, GVEA, 
and AML&P for 1988 which indicated that the cost of providing spinning reserves 
is between 7,000 and 11,000 Btu/KWh. Based on this review, DFI estimates the 
cost of spinning reserve to be 7,000 Btu/KWh. This cost of spinning reserves 
on a Btu per kilowatt hour basis was then applied to the gas turbine part-load 

operating cost data to calculate the total benefits attributable to a reduction 
in Anchorage gas-fired spinning reserves.

In two extensive meetings with Salim Jabbour, principal investigator, we asked 
DFI to verify the formula used to calculate the cost of spinning reserves 
because the formula used in a DFI report failed to produce accurate results.28 

While DFI was not able to substantiate their formula, they did acknowledge that 

Alan Mitchell's formula to calculate the cost of spinning reserves is 
correct. Using Mr. Mitchell's formula, the cost of spinning reserves is 

2,800 Btu/KWh. This correction reduces the benefits of spinning reserve 
sharing to $2.1 to $5.4 million or an average of $3.6 million. This contrasts 
with DFI's estimated benefits of $5.2 to $13.5 million or an average of $9.4 

million. Details of these calculations are provided in Attachment C.

REDUCED MAINTENANCE COSTS

A new benefit category in the DFI utility study, which was not in the AEA 

study, is reduced maintenance costs of the existing Anchorage-Kenai intertie 
as a result of the construction of the new KA138 line. Tne present value of

28Decision Focus, Inc., "Value of Bradley Lake Spinning Reserves," 
prepared for the Railbelt Utilities, October 6, 1989, p. 6.

^Alan Mitchell of Analysis North is the utility consumer advocate under 

contract to the state of Alaska.
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reduced maintenance attributed to the new intertie is $5 million. The 

justification for these benefits is not described in the report ’nd is based 
on information provided by the Chugach Electric Association to DFI. Given that 
CEA stands to benefit considerably from the state construction of the intertie, 
this reduced maintenance cost estimate should be reviewed by an independent 

party or AEA engineers in the course of their review of intertie construction 
cost estimates.

IMPACT OF THE HEALY CLEAN COAL DEMONSTRATION PROJECT ON INTERTIE BENEFITS

If the construction of the Healy clean coal demonstration project is funded, 
benefits of the interties should be recalculated. In a recent letter by DFI 
(Attachment A), Salim Jabbour indicates that while the Healy facility would not 
significantly affect the benefits of the northern line, it would further reduce 
the reliability and capacity sharing benefits of the southern intertie.

* * *

In conclusion, based on this limited review, there appear to be significant 
errors in computations and unjustified changes in assumptions in the recently 

completed Decision Focus 138 KV study. While the limited AF100 upgrade appears 
to continue to have a benefit/cost ratio above one, the construction of either 
a new southern or northern line does net appear to be economically justifiable 
at this time. It is clear that had the 138 KV lines been analyzed under the 
same assumptions as those used in the AEa 230 KV study, the 138 KV lines would 

not have been found economically feasible. A decision to proceed with these 
138 KV intertie projects would be based on the political rather than economic 
merits of the projects.

I hope this information answers your questions. If you have additional 
questions, please do not hesitate to call.

Attachments



ATTACHMENT A

Letter from Salim Jabbour, DFI, to 
Mike Kelly, GVEA regarding the 

Impact of the Healy Clean Coal Project 
on the 138KV Intertie Study
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Mr. Michael P. Kelly
General Manager
Golden Valley Electric Association
P.O. Box 71249
Fairbanks, AK 99707

Dear Mike:

In response to your request, I am wilting to provide you with my best professional 
judgement on how the Healy Coal Project (HCP) would affect the economic feasibility 
of the proposed 138 KV lines. The following discussion is based on four hours of 
work; no quantitative analysis was performed.

Impact of The HCP on The Economic Feasibility of The Southern Line

The HCP would affect the economic benefits of the proposed southern line through at
least two of the categories Identified in the December 1989 report.

Capacity S h a r i n g .  The HCP would increase the capacity surplus in 
Fairbanks (assuming no power plants in the Fairbanks area are retired or 
mothballed because of the HCP;. Capacity surplus in Fairbanks could be 
used by Anchorage (even without any new lines) to meef future capacity 
shortages in the Anchorage area. This would reduce Anchorage needs 
for capacity additions in the future and therefore reduce capacity sharing 
benefits due to the southern line.

Reliability. The HCP could provide Anchorage with a source of energy in 
case of emergencies; therefore it could reduce outage durations and 
outage costs in Anchorage. The extent to which this is feasible depends 
on Fairbanks needs for power during an emergency in Anchorage and 
whether or not surplus capacity in the north is available for export to the 
Anchorage area. Therefore, it Is possible that the HCP could reduce the 
reliability benefits cf the proposed southern line.



Mr. Michael P. Kelly 
January 15,1990 
Page 1

Overall, the HCP is expected to reduce the benefits of the propoeed southern lint. It 
Is estimated that the expected benefit to cost ratio would remain larger than one, I.e. 
the proposed southern line would remain cost effective. This assumes, of course, that 
all other assumptions remain unchanged.

Impact of The HCP on The Economic Feasibility of The Northern Line

The HCP would affect the economic benefits of the northern line primarily through Its 
impact on energy transfers between Anchorage and Fairbanks. The benefits of the 
proposed northern line derive primarily from the Anchorage-Fairbanks energy transfers 
through the reduction in the transfer losses between the two areas, and the elimination 
of the constraint on the transfer capacity.

The HCP would reduce Fairbanks needs for imports from Anchorage, but would not 
significantly impact energy transfers over the Healy-Fairbanks corridor. Since most of 
the losses occur between Healy and Fairbanks, the HCP is expected to slightly reduce 
the transfer loss benefits of the proposed northern line.

However, since the combined capacity of the new HCP and GVEA's Healy plant 
exceeds the transfer capadty of the Healy-Fairbanks existing line, one could argue that 
the proposed northern line would allow increased economy transfers by eliminating 
this constraint (this argument assumes that transfers from HCP to Fairbanks are more 
optimal than (transfers to Anchorage because Fairbanks has higher generation costs).

Overall, it is estimated that the HCP would not have a significant impact on the 
benefits of the northern Hne.

In conclusion, it seems that the HCP would not significantly impact the benefit to cost 
ratios of the proposed 138 KV interties. Based cm this conclusion. I would not 
recommend a detailed re-evaluation of the interties.

Sincerely,

Salim J. Jabbour 
Vice President



ATTACHMENT B

DFI System Modelling Data (Appendix F) 
AML&P Avoided Cost Information and 

NERC Study Information
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Table F-l

CAPACITY EXPANSION PLANS—RAILBELT, 199^2010

U n i t  S i t e

hJLIL M l (MW) R e t i r e m e n t  S c h e d u l e

K e n a i B r a d l e y  Lake 119 S t a y s  c o n a t a n t
K e n a i C o o p e r  Lake 17 S t a y s  c o n a t a n t
K e n a i sss ZCE 10.5 S t a y s  c o n a t a n t
K e n a i H E A ZCE 2.1 S t a y s  c o n a t a n t
K e n a i H E A S o l d o t n a  CT 39 S t a y s  c o n a t a n t
K e n a i C E A B e r n i c e  Lake CT 11 8 R e t i r e s  b e f o r e  1994
K e n a i C E A B e r n i c e  Lake CT 12 18 R e t i r e s  at e n d  of 2 0 0 6
K e n a i C E A B e r n i c e  Lake CT #3 25 S t a y s  c o n s t a n t
K e n a i C E A B e r n i c e  Lake CT #4 25 M o v e s  t o  I n t e r n a t i o n a l  

b e f o r e  19 9 4
A n c h o r a g e E k l u t n a 30 S t a y s  c o n s t a n t
A n c h o r a g e M E A N o  p l a n t a
A n c h o r a g e C E A I n t e r n a t i o n a l  CT 11 16 R e t i r e s  at e n d  of 1 9 9 6
A n c h o r e g e C E A I n t e r n a t i o n a l  CT 12 16 R e t i r e s  at e n d  of 1 99 7
A n c h o r a g e C E A I n t e r n a t i o n a l  CT 13 19 R e t i r e s  at e n d  of 1998
A n c h o r a g e C E A I n t e r n a t i o n a l  CT #4 25 (new) S t a y s  c o n s t a n t
A n c h o r a g e C E A I n t e r n a t i o n a l  CT #5 40 C o m e s  o n - l i n e  a t  

b e g i n n i n g  of 2000 a n d  

s t a y s  c o n s t a n t
A n c h o r a g e C E A B e l u g a  CT  #1 17 R e n e w e d  u n t i l  e n d  o f  

20 0 2
A n c h o r a g e C E A B e l u g a  C T  #2 17 R e n e w e d  u n t i l  e n d  o f  

2 0 0 6
A n c h o r a g e C E A B e l u g a  CT  #3 55 R e t i r e s  at e n d  o f  2 0 0 3
A n c h o r a g e C E A B e l u g a  CT  #4 9 R e t i r e s  b e f o r e  1994
A n c h o r a g e C E A B e l u g a  C T  #5 66 R e n e w e d  to  e n d  of 2 0 0 6
A n c h o r a g e C E A B e l u g a  C C  #64 8 101 R e n e w e d  t o  e n d  of 2008, 

51 M W  r e t i r e d  at e n d  of 

2008, r e m a i n i n g  50 M W  

s t a y s  c o n s t a n t
A n c h o r a g e C E A B e l u g a  C C  #74 8 101 R e n e w e d  t o  e n d  of 2008, 

31 M W  r e t i r e s  at e n d  of 

2008, d r o p s  t o  50 M W  in 
2010

A n c h o r a g e C E A N e w  CC 100 C o m e s  o n - l i n e  in  20 0 3
A n c h o r a g e C E A N e w  CT 100 C o m e s  o n - l i n e  i n  2 0 0 6
A n c h o r a g e C E A N e w  CC 100 C o m e s  o n - l i n e  in  2008
A n c h o r a g e A M L P A M L P  C T  #1 16 R e p o w e r e d  to - 1 3 , 5 0 0  

B t u / k W h
A n c h o r a g e A M L P A M L P  CT  #2 16 R e p o w e r e d  to 13 , 5 0 0  

B t u / k W h
A n c h o r a g e A M L P A M L P  CT  #3 19 R e p o w e r e d  to 1 3 , 5 0 0  

B t u / k W h
A n c h o r a g e A M L P A M L P  CT 14 33 R e p o w e r e d  to 1 3 , 5 0 0  

B t u / k W h
A n c h o r a g e A M L P A M L P  CC  #546 47 R e t r o f i t t e d  a n d  r e m a i n s

A n c h o r a g e
c o n s t a n t

A M L P A M L P  C C  #746 109 R e t r o f i t t e d  a n d  r e m a i n s

A n c h o r a g e
c o n s t a n t

A M L P A M L P  CT #8 87 S t a y s  c o n s t a n t

urm F-5
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F a i r b a n k s F M U S I CE  «1 2.8 R e t i r e s  b e f o r e  1994
r a i r b a n k a F M U S ICE #2 2.8 R e t i r e s  b e f o r e  1994
F a i r b a n k s F M U S I C E  *3 2.8 R e t i r e s  at  e n d  of 1996 

b u t  is a s s u m e d  to 

r e m a i n  c o n s t a n t  b e c a u s e  

it w i l l  e i t h e r  be 
r e p l a c e d  o r  r e t r o f i t t e d

F a i r b a n k s T H U S C h e n a  S T  #1 5 S t a y s  c o n s t a n t
F a i r b a n k s T M U S C h e n a  ST  #2 2 R e t i r e s  at e n d  of 2000
F a i r b a n k s FM U S C h e n a  S T  #3 1.5 R e t i r e s  at e n d  o f  1995
F a i r b a n k s F M U S C h e n a  ST  #4 C a n n o t  b e  o p e r a t e d  

(EPA)
F a i r b a n k s r M U S C h e n a  ST  #5 20 L i f e  e x t e n d e d  to 2010
F a i r b a n k s F M U S C h e n a  S T  #6 23 R e t i r e s  at e n d  of 2006
F a i r b a n k s G V E A H e a l y  S T  »1 25 E x t e n d e d  o r  r e p l a c e d  in 

kind, s t a y s  con s t a n t
F a i r b a n k s G V E A H e a l y  I C E  #2 2.8 R e t i r e s  at e n d  of 1997
F a i r b a n k s G V E A N o r t h  P o l e  C T  #1 61 E x t e n d e d  o r  r e p l a c e d  in 

kind, s t a y s  c o n s t a n t
F a i r b a n k s G V E A N o r t h  P o l e  C T  #2 61 E x t e n d e d  o r  r e p l a c e d  in 

kind, s t a y s  c o n s t a n t
F a i r b a n k s G V E A Z a n d e r  C T  #1 18 E x t e n d e d  o r  r e p l a c e d  in 

kind, s t a y s  c o n s t a n t
F a i r b a n k s G V E A Z e n d e r  C T  #2 18 R e t i r e s  at e n d  of 2002
F a i r b a n k s G V E A IC E s 14.7 S t a y s  c o n s t a n t

C o p p e r  V a l l e y C V E A S o l o m o n  G u l c h 12 S t a y s  c o n s t a n t
C o p p e r  V a l l e y C V E A G l e n a l l e n  ICEs 10.4 S t a y s  c o n s t a n t
C o p p e r  V a l l e y C V E A V a l d e z  I C E s 7.2 S t a y s  c o n s t a n t

No t e s :

1. B r a d l e y  Lake c a p a c i t y  ■ 114 M W  d e l i v e r e d  at S o l d o t n a

2. F o r  F a i r b a n k s ,  i t  is a s s u m e d  t h a t  o i t h e r  a 5 0 - M W  c o a l  p l a n t  at H e a l y

co me s o n - l i n e  in  19 9 5  (coal case) o r  a 5 0 - M W  C T  (oil- o r  g a s - f i r e d

d e p e n d i n g  o n  a v a i l a b i l i t y  o f  g a s  in F a ir ban ks ) c o m e s  o n - l i n e  in 2005
(all o t h e r  cases) .

tin* F-6



K P L A N A T I O M  A W  S U P P O R T  F O R  A V O I D E D  COST T A R I F F
P R O P O S E D  R Y  K L I P

T he p u r p o s e  of th is  d o c u m e n t  is to s u p p o r t  t he A v o i d e d  Co et  t a r i f f  
(Ho. later) s u b m i t t e d  b y  the M u n i c i p a l i t y  of A n c h o r a g e ,  d o i n g  
b u s i n e s s  as M u n i c i p a l  ?<ight a n d  P o w e r  ( M L & P ) . T h i s  d o c u m e n t  
o u t l i n e s  t h e  a v o i d e d  c o s t  m e t h o d o l o g y  a n d  Q u a l i f y i n g  F a c i l i t y  (QF) 
rate formulas, th a t are i n c l u d e d  in the M L 6 P  " C o g e n e r a t i o n  a v o i d e d  
co st  r a t e  tariff" that M L & P  i n t e n d s  t o  use w i t h  f u t u r e  P u b l i c  
U t i l i t y  R e g u l a t o r y  P o l i ci es  A c t  (PURFA) (16 U S C  824a-3) r e s o u r c e s  
o r  QF s g r e a t e r  the n 100 XW. T h e  m e t h o d o l o g y  w i l l  b e  u s e d  to 
d e v e l o p  a v o i d e d  costs for Q F s  o n  e c a a e - b y - c a a e  b a s i s  w i t h i n  th is  
si ze  r a n g e  b a 3 « d _ o n  s p e c i f i c  sire a n d  o p e r a t i n g  c h a r a c t e r i s t i c s  of 
p r o p o s e d  QFs. RL*P~~did n o t  h a v e  a t a r i f f " o r  a p p r o v e d  m e t h o d o l o g y  < 
o n  fil e w i t h  the A l a s k a  P u b l i c  U t i l i t i e s  Commission*"^ APUC) for" 
a v o i d e d _ c o s t s  of f acilities g r e a t e r  th an  100 X W  w h e n  it w a s  s u b j e c t  
t o  :A P U C  r e g ul at io n .

T h e  a v o i d e d  cos t m e t h o d o l o g y  and Q F  r a t e  f or mu l a s  p r o v i d e  a g e n e r i c  
m e t h o d  t h a t  c a n  b e  u s e d  to d e t e r m i n e  r a t e s  for a v a r i e t y  o f  QFs. 
T h e  r a t e s  s a t i s f y  the r e q u i r e m e n t s  o f  FJRPA. T h e  m e t h o d o l o g y  w i l l  
b e  u s e d  t o  d e v e l o p  a c o n t r a c t  r a t a  t h a t  is r e s p o n s i v e  t o  c h a n g e s  
in M L A P ' s  fuel costs a n d  t h e  rate of i n f l a t i o n  t h r o u g h o u t  t h e  t e r m  
of a Q F  c on tract.

T o  c a l c u l a t e  the a v o i d e d  c o s t s  of K L A F  a c o m p u t e r  s i m u l a t i o n  w as 
p e r f o r m e d  of the M L A P  g e n e r a t i o n  system. A  se t  of c o m p u t e r  m o d e l s  
c a l c u l a t e d  t h e  v a r i o u s  c o s t s  t o  MLAP. T h e  c o s t s w e r e  c a l c u l a t e d  
w i t h  arid w i t h o u t  c o g e n e r a t i o n  pre se nt ,  jl^€ j7ith n o  c o s t s  a s s i g n e d _ s  
t o _tfte~ o p e r a t i o n  of t h e  c o g e n e r a t i o n  facility^ T h e  d i f f e r e n c e  in 
the a n n u a l  c o s t  b e t w e e n  the two s i m u l a t i o n s  was the  c o s t s  (capital, 
fuel, c o s t  of ener gy  n ot s e r ve d a n d  o p e r a t i o n  and m a i n t e n a n c e  
( O &M )) t h a t  M L A P  w o u l d  a v o i d  b y  p u r c h a s i n g  from a QF.

T h e r e f o r e ,  M L A P  h a s  a v o i d e d  c a p i t a l  costs, a v o i d e d  fue l costs, 
a v o i d e d  f i ' e d  0 A M  coats, a v o i d e d  v a r i a b l e  0 4 M  costs, a n d  a v o i d e d  
b a c k u p  p u r c h a s e s  d u r i n g  f o r c e d  g e n e r a t i o n  outages. T h e s e  c o s t s  can  
h a  a l l o c a t e d  to a v o i d e d  e n e r g y  o r  a v o i d e d  c a p a c i t y  v a l u e s .  ^These* 
a v o i d e d  .e n e r g y  land, c a p a c i t y  c o s t s ' w e r e ' t h e n  a d j u s t e d  t o  r e m o v e  the" 
e f f e c t s  o f  -inflation a n d  n a t u r a l " g a s  pricos. T h i s  r e s u l t e d  in a 
set o f  y s m r l y  e n e rg y a n d  c a p a c i t y  a v o i d e d  co st  fo rmulas.I
In t h e  analys'.s, the a v o i d e d  e n e r g y  c o s t s  are b o t h  d e p e n d e n t  up o n  
a n d  c o r r e l a t e  w i t h  futu re  n a t u r a l  g a s  prices. T h a  r a t e  of i n f l a­
tion  a l s o  h a s  a d i r e c t  e f f e c t  u p o n  M L A P ' s  a v o i d e d  c a p a c i t y  and 
e n e r g y  co sts. B e c a u s e  of t he s e n s i t i v i t y  to future p r i c e s ,  t h e  
final a v o i d s  costs h a v e  b e e n  d e v e l o p e d  as a f o r m u l a  of actual  
future pri-~ j. T he p a y m e n t  b y  M L A P  u s i n g  suc h a v o i d e d  c o s t  
f o r mu la s b? " u p o n  a c t u a l  n a t u ra l gas a n d  in fl a t i o n  v a l u e s  will
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w or e a c c u r a t e l y  forecast future avoidedl c oa ta  a n d  should naithar 
h a r m  nor b a n a f i t  tha ultimate ra ta p a y a r a .  in o t h a r  words, tha usa 
annual f o r m u l a s  will laava tha r a t a p a y a r s  n a u t r a l  as to whathar  
M L A P  u s a a  i ts o w n  rasourcas or p u r c h a s a s  froa QFs.

In addition, h o w  t h a  siza of a QF (10MW, 25MW a n d  S O M W j ^ h o v  tha 
QFs laval o f  p r o d u c t i o n  (plant f a c t o r / a v a i l a b i l i t y ) , and how tha 
y a a r  t h a  Q F  g o e s  on-l in a would i ap ac t M L A P ' s  a v o i d e d  costs w a r s  
a nalyzad. T h a s a  sa ns it i v i t y  a n a l y s a s  a l l o w a d  u s  to determine tha 
r a l a t i v a  i m p o r t a n c e  of tha k e y  p a r a m e t e r s  t h a t  a ffact MLAP's 
a v o i d a d  c o s t s  a n d  to suggest a v o i d a d  c o s t  rata f o r a u l a s  that ansura 
that tha r a t a p a y a r s  a ra risk nautral.

Th a m a j o r  e l e m e n t s  of tha studios t o  d a v a l o p  M L A P ' s  avoidad costs 
vara: u p d a t i n g  of tha ML AP  l oa d foracast; n o d a l i n g  tha M L A P
g a n a r a t i o n  system; varifying tha c o m p u t e r  m o d e l s ;  converting 
a v o i d e d  c o s t s  into avoidad c o s t  r a t a  formulas; a n d  d avaloping 
s t a n d a r d  c o n t r a c t  language for usa w i t h  futura p o t e n t i a l  QFs.

I. LO A D  F O R E C A S T

H o v  tha L o a d  F o r a c a s t  Inpacts A v o i d a d  C o s t s

T h a  lo ad  f o r a c a s t  is used as a n  i np ut  i n  tha c o m p u t a r  si m ul a t i o n  
and m o d e l i n g  pr oc es s.  Tha annual p e a k  d e m a n d  in t h a  load foracast 
is tha p r i n c i p a l  f ac t or  d e t e r m i n i n g  w h a n  a d d i t i o n a l  g a n a r a t i o n  is 
r e q u i r e d  and, therefore, affects c a p a c i t y  c o s t  payments. T h a  
e n e r g y  l o a d  f o r e c a s t  also affects t h a  m i x  of r a s o u r c a s  d is p at ch ad  
to m e e t  load.

wh y a L o a d  F o r a c a s t  w a s  Pre pa r ed  M o w

T he p r e v i o u s  o f f i c i a l  MLA P forecast w a s  p u b l i s h e d  in Ju ne  of 1986. 
T ha 1986 f o r e c a s t  w a s  updated d u r i n g  1988 to i n c o r p o r a t e  recant 
h i s t o r i c a l  e l e c t r i c  co n su m p t i o n  i n f o r m a t i o n  a nd c u r r a n t  e x p e c t a­
tions as to t h a  a f f e c t s  of r e d u c e d  o i l  r a v e n u a a  on tha State's 
e c o n o m y  i nt o t h a  u t i l i t y ' s  p l a n n i n g  process. Tha m o a t  recant 
f o r e c a s t  is d o c u m e n t e d  in, a study t i t l e d  A n c h o r a g e  M u n i c i p a l  Light 
an d ..Power L o a d  F o r e c a s t  1988-2010." T h i s  st Wd y  w a s  finalized in 
S e p t e m b e r  of 1988 a n d  is included as a n  a p p e n d i x  t o  t h i s  document.

T h a  la at  HLf.F l o a d  for ec as t was u p d a t e d  b e c a u s e  o f  t ha ne ed  to h a v e  
c o n s i s t e n t  a s s u m p t i o n s  between g e n e r a t i o n  a v o i d e d  c o s t  and loa d 
f o r e c a s t  m o d e l s .  T h e  load for ec as t  xd a  f u n c t i o n  o f  a number of 
e c o n o m i c  a n d  d e m o g r a p h i c  variables, s u c h  as i n f l a t i o n  rates, futura 
gas and oil pric es , ate. Tha l a t e s t  e s t i m a t e s  o f  th a sa  var ia bl es  
w e r a  i n c o r p o r a t e d  into tha g e n e r a t i o n  a v o i d a d  c o s t  m o d a l  to be 
c o n s i s t e n t  w i t h  t he M L A P  load forecast, e v e n  t h o u g h  t ha m et ho d o l o g y  
and t a r if f  a r a  b a s e d  upon actual n a t u r a l  g as p r i c e s  a nd inflation 
rates r a t h e r  t h a n  fo recast prices.
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M a j o r  l o o n o s i a ,  V e t r o l e u a  A F i s c a l  As su mp t i o n s

T h a  a l a c t r i c  f o r ac as t u s a a  a s s u m p t i o n s  found In tha a conoaic 
f o r e c a s t *  of T h a  I n s t i t u t e  o f  S o ci al  a nd E c o n o m i c  R e s e a r c h  (ISER), 
U n i v e r s i t y  of Alaska, A n c h o r a g e ,  aa p r a a an ta d in ita publi ca ti o n,  
" E c o n o m i c  a n d  D e m o g r a p h i o  P r o j e c t i o n s  for S o u t h e r n  R a i l b e l t  
E l e c t r i c  U t i l i t i e s , " O c t o b e r  1917. I S E R  uses an e c o n o m e t r i c  modal 
t o  p r o j e c t  k e y  a c o n o a i c  v a r i a b l o a  t h a t  ara u s e d  f o r  t h a  a l a c t r i c  
forecast. I S E R  p o r t r a y s  a r a n g e  of a c o n o a i c  s c e n a r i o s  a b o u t  tha 
f u t u r a  c o u r a a  o f  tha A n c h o r a g e  a n d  A l a s k a n  aconoa ia a.

F o r  n a t i o n a l  e c o n o m i c  t r e n d s ,  I S E R  forecasts a s s u m e  c o n s u m e r  p rices 
w il l r i s e  at a n  annual r a t a  o f  5.4% in 1988 and 1989, 6.3% t h r o u g h  
1994, 6.6% t h r o u g h  2000, a n d  6.8% th ereafter. G r o w t h  in real 
a v e r a g e  w e a k l y  e a m i n g e  a v a r a g a a  1% annually. G r o w t h  in real p ar 
c a p i t a  inco m e a v e r a g e s  1 . 5 %  p a r  year. Tha  l o n g  r u n  u n e m p l o y m e n t  
r a t a  ia e s t i m a t e d  a t  6.5%.

I S E R  e x p e c t s  t h a  c u r r a n t  A l a s k a  r e c e s s i o n  to b o t t o m  o u t  s o m et im e 
in t ha 1 9 9 0 ' a, d e p e n d i n g  o n  w h e t h e r  low, medium, o r  h i g h  a c o n o a i c  
g r o w t h  ia assumed. I n  t h a  low case, A n c h o r a g e  n o n - a g r i c u l t u r a l  
e m p l o y m e n t  is p r o j e c t e d  t o  d r o p  to 9 5 , 05 5 in 1992 f r o m  t h a  1987 
l evel o f  98,100. T h a  b a s e  c a s e  a s s um es  e m p l o y m e n t  in t h a  M u n i c i­
p a l i t y  w i l l  r i s e  s l i g h t l y  t o  9 9 , 1 6 8  in 1989. T h a  h i g h  c a s e  assu me s 
e m p l o y m e n t  g r o w t h  in 1 9 8 9  t o  99,896. Population, income, a n d  ot he r 
v a r i a b l e s  f o l l o w  s i m i l a r  p a t t e r n s ,  d e p e n d i n g  o n  t h a  a c a n a r i o  for 
f u t u r a  growth.

T h a  t r e a t m e n t  o f  oil a n d  g a s  p r i c e s  ia p a r t i c u l a r l y  d i f f i c u l t .  If 
oil a n d  g a s  p r i c e s  a r a  a r t i f i c i a l l y  high, t h a n  g o v e r n m e n t a l  
e c o n o m i c  a c t i v i t y  in A l a s k a  d u e  t o  tax revenues w i l l  s t i m u l a t e  the 
u s e  o f  e l e c t r i c  e n er gy  i n  A n c h o r a g e .  But similarly, c o s t s  of fuel 
a t  M L A P  w i l l  be h igh, t e n d i n g  to raise e l e c t r i c  r a t e s  and 
d e p r e s s i n g  t he use o f  e l e c t r i c i t y  in c e r t a i n  load s e g m e n t s .  T hese 
c o m b i n e d  e f f e c t s  in b o t h  l o a d s  and fuel p r i c e s  i m p a c t  a v o i d e d  
e n e r g y  c o s t s  t h a t  M L A P  f a c e s .

W o r l d  oil p r i c a s  ara p r o j e c t e d  b y  IS ER  in tha l o w  a c a n a r i o  t o  fall 
in r e a l  (1988) dollars, ,from an e s t i m a t e d  $18 p a r  b a r r o l  in 1988 
b y  1% p a r  y e a r  t h r o u g h  t h a  1990's. T h e  b a * a ? c a s e  f o r e s e e s  a 0.5% 
p a r  y e a r  r i s e  i n  oil p r i c e s .  T h a  h i g h  case e n v i s a g e s  a r i s e  t o  $21 
p a r  b a r r e l  in real t e r m s  b y  1990 and a 2% annual i n c r e a s e  t h e r e a f­
ter.

g u m a a z y  o f  L o a d  F o r a c a s t  R e s u l t s

T h a  m e d i u m  a n d  tha h i g h  l o a d  for ec a st s war e a n a l y z e d  t o  d e t e r m i n e  
a v o i d e d  c o s t a  for  MLAP. F o r  t h a  r e a so ns  d i s c u s s e d  in S e c t i o n  III, 
t h e  m e d i u m  f o r e ca s t r e p r e s e n t s  t h a  n o s t  p r o b a b l e  e s t i m a t e  of tha 
f u t u r e  and h e n c e  is t h e  b a s i s  for d e v e l o p i n g  M L A P ' s  " a v o i d e d  cost" 
a n n u a l  formulas. T h e  h i g h  f orecast represe nt s t h e  c a s e  w h e r e
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e nergy c o a t s  a ra tha h i g h e s t  and t h a  n a a d  for additional c a p a c i t y  
ia t h a  g r e a t e s t .  T h i a  foracast v a a  u c a d  as tha basis for a 
s e n s i t i v i t y  a n a l y s i s  comparison.

Tha m e d i u m  o r  m i d - r a n g e  foracast s h o w s  t o t a l  annual ML4P a n a r g y  
r e q u i r e m e n t s  g r o w i n g  from about 030 G W h  In 1901 to ov ar  1112 G W h  
in 2010. C o m p o u n d  a nnual avaraga g r o w t h  r a ta s for t ha a i d - r a n g a  
f o r a c a s t  a ra 0 . 3 %  from 1987-1992; 1.0% f r o a  1992-1997; and 1.8% 
froa 1 9 97 -2 0 10 . P e a k  d a a a n d  grows a t  e o m p a r a b l a  rataa froa 142 KW 
in 1988 t o  o v a r  1 90 K W  in 2010.

Tha h i g h  f o r a c a s t  p r o j a c t s  total K L & F  a n n u a l  an argy r a q ui r aa an ts  
g r o w i n g  f r o a  a b o u t  832 G W h  in 1988 t o  o v a r  1198 G W h  in 2010. 
C o m p o u n d  a n n u a l  a v a r a g a  growth r a t a s  f o r  t h a  h i g h - r a n g a  for ac as t 
ara 0 . 7 %  f r o a  1987-1992; 1.7% f r o a  1 99 2 -1 99 7;  a n d  2.0% fr o a
1 99 7- 20 10 . P a a k  d a a a n d  gr ow s at e o m p a r a b l a  ratas fr oa  142 M W  in 
1988 t o  o v a r  205 K W  in 2010.

II. S Y S T E M  P L A N N I N G  A P P R O A C H  T O  A V O I D E D  CQflT C AL Ct L X A T I O M  

G a & a r a l  A p p r o a c h

Tha m a t h o d  u s e d  t o  c a l c u l a t e  a v o i d a d  c o s t s  f or M L i P  w a s  a t w o  st ap  
pro c es s.  First, c o m p u t a r  meda ls  w a r s  u s a d  to si mu la t a tha g s n a r a «  
t io n c o s t s  f o r  t h e  M L 4 P  system on a n  a n n u a l  basis o v a r  tha s t u d y  
hor iz on . A s  i n p u t s  t o  tha co mp ut ar  m o d e l s ,  eco no m ic  a n d  l o a d  d a t a  
c o n s i s t e n t  w i t h  t h a  m e d i u m  foracast v a r a  usad. Next, an a s s u m e d  
Q F  w a s  f o r c e d  i n t o  t h a  resource g e n e r a t i o n  d i s p a t c h  s t a c k  for  tha 
y e a r s  i n  q u e s t i o n .  T h a ^ a s s u m a d  Q F  w a s  ass ig ne d  no-generation,*, 
costs. T h a  d i f f e r e n c e  inTi’otal c o s t s  (c ap a c i t y  and energy) between* 
the g e n e r a t i o n  d i s p a t c h  w i t h o u t  t h a  Q F  and w i t h  t h a  Q F  t h a n  
d e t e r m i n e d  t h e  a n n u a l  avoi de d costs. T h a  avo id ad  c os ts  v a r a  
c a t e g o r i z e d  int o a v o i d e d  energy a n d  a v o i d a d  capacity costs. T h i s  
m e t h o d  p r o d u c e s  a f o r e ca st  of tha c o s t  t o  b e  avoidad b y  i n c l u si on  
of t h a  Q F  w i t h i n  M L t P ' s  g e n e r a t i o n  mix.

|£«causa t h a  M L i P  s y u t e m  doe s n ot r e q u i r e  u n d e r  c u r r a n t  f o r a c a s t  
l o a d s  a n d  c o n t r a c t  r e s e r v e  m a r g i n s  a n y  a d d i t i o n a l  g e n e r a t i o n  
c a p a c i t y  u n t i l  a b o u t  2015, the i n c l u s i o n  of -a QF r e s u l t s  o n l y  in 
a v o i d e d  e n e r g y  c o s t s  then. It is n o t  u n t i l  a d d e d  g e n e r a t i o n  
c a p a c i t y  is r e q u i r e d  tha t a v oi de d c a p a c i t y  c o st s ara  c r e d i t e d  to 
t he QF.

T o  p r o v i d e  i n d e p e n d e n t  v e r i f i c a t i o n  of the m o d e l i n g  effo rt  t w o  
c o m p a r i s o n s  w a r e  made. First, t he r e s u l t s  w e r e  c a r e f u l l y  c o m p a r e d  
to c u r r a n t  o p e r a t i o n a l  patt er ns  of t h e  M L 8 F  system. Second, th e 
r e s u l t s  w e r e  c o m p a r e d  t o  a m e d i u m  t e r m  g e n e i a t i o n  d i s p a t c h  c o m p u t a r  
m o d a l  u s e d  b y  t h e  ut ility. Both c o m p a r i s o n s  co nf ir me d  tha m o d e l i n g  
results.
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S y s t e m  H a n n i n g  A p p r o a c h  as V i e w e d  by O t h a r  J u r i s d i c t i o n *

T ha o b j a o t i v a  of t h a  s y s t e m  planning o r  " d i f f e r e n t i a l  revenue 
r e q u i r e m e n t "  a p p r o a c h  u s e d  by M L & P  is to r e f l e c t  a n t i c i p a t e d  systen 
c osts a s  p r e c i s e l y  as p o s s i b l e  in the a v o i d e d  c o s t  calculation. 
T he s y s t e m  p l a n n i n g  a p p r o a c h  provides a h i g h e r  d e g r e e  of accuracy 
in d e t e r m i n i n g  a v o i d a b l e  costs than a " s u r r o g a t e  plant" or other 
a p p r o a c h  c a n  p r o v i d e .  T h i s  h i g h e r  degree of a c c u r a c y  is provided 
b y  e x a m i n i n g  a g i v e n  u t i l i t y * a  system closely. T h i s  allows the 
u t i l i t y  to d e t e r m i n e  w i t h  som e precision a t  w h a t  p o i n t  the utility 
will a d d  a resource, w h a t  type of r esource it w i l l  be, what the 
costs <\nd g e n e r a t i o n  c h a r a c t e r i s t i c s  the n e w  r e s o u r c e  wi ll  be, and 
w h a t  v h e  cos t d i f f e r e n c e s  w o u l d  be for a Q F  a l t e r n a t i v e  to the new 
resource.

B e c a u s e  the s y s t e m  p l a n n i n g  a pproach mo st  a c c u r a t e l y  calculates the 
costs t h a t  a u t i l i t y  c a n  e x p e c t  to avoid b y  p u r c h a s i n g  po we r from 
a QF, it is a c c e p t e d  b y  t h e  FERC (Preamble t o  18 C F R  Part 292, FERC 
R e g u l a t i o n s  P r e a m b l e s  1977-1981, ^30, 128 a t  p . 30, 866) and best 
a c c o m p l i s h e s  t h e  w i d e l y  r e c o g n i z e d  goals o f  F U R F A ' s  avoided cost 
standard. T h a t  s t a n d a r d  is designed to l e av e r a t e p a y e r s  indiffer­
ent as t o  w h e t h e r  t h e i r  e l e c t r i c  utility o b t a i n s  p o w e r  from its own 
r e s o u r c e s  o r  f r o m  a QF.

W h y  t h e  W e s t i n g h o u s e  M o d e l  v e s  chosen

T he W e s t i n g h o u s e  G e n e r a t i o n  Planning (WIGPLAN) c o m p u t e r  m od el  was 
u s e d  t o  p e r f o r m  t h e  c o m p u t e r  simulation. T h e  W I G P L A N  model is 
w i d e l y  u s e d  in t h e  e l e c t r i c  utility i n d u s t r y  and  is o ne of the 
m a j o r  p l a n n i n g  m o d e l s  u s e d  t o  evaluate t he n e e d s  f o r  n e w  gene ra­
tion. T h i s  m o d e l  w a s  p r e v i o u s l y  used t o  a n a l y z e  M L & P ' s  generation 
n ee ds  a n d  t h o s e  of o t h e r  e l e ct ri c utilities.

T h e  p r i m e  r e a s o n s  f o r  t h #  choice of this c o m p u t e r  m o d e l  we re  that: 
(1) it a l l o w s  f o r  l o n g  t a r m  (30-year) s i m u l a t i o n s ;  (2) t h ro ug h the 
P r o b a b i l i s t i c  P r o d u c t i o n  C o s t i n g  (PPC) m o d u l e  it c a n  h a n d l e  certain 
s p i n n i n g  r e s e r v e  r e q u i r e m e n t s  and mainte na nc e s c h e d u l i n g ;  and (3) 
the m o d e l ' s  g e n e r a t i o n  e x p a n s i o n  section c h o o s e s  t h e  m o s t  cost- 
e f f e c t i v e  f u t u r e  r e s o u r c e  to add for a p a r t i c u l a r  u t i l i t y ' s  load 
c h a r a c t e r i s t i c s .  T h i s  c a p a b i l i t y  includes a n a l y z i n g  t he trade-offs 
b e t w e e n  m a c h i n e s  o f  v a r y i n g  efficiency, c a p i t a l  c o s t s  and fuel 
costs.

T h e r e  a r m  o t h e r  a d v a n t a g e s  to the W e s t i n g h o u s e  m od e l.  It will 
p e r f o r m  e n  e c o n o m i c  d i s p a t c h  of available u n i t s  t o  s i m u l a t a  lowest 
cost o p e r a t i o n  t h a t  a  u t i l i t y  would ’ re a l i z e  a n d  it is able to 
e v a l u a t e  r e s o u r c e s  w h o s e  h e a t  rates v a r y  a s  a f u n c t i o n  of genera­
tio n  level. T h i s  f e a t u r e  is important in t h e  M L & P  m o d e l i n g  since, 
if a Q F  f a c i l i t y  is p a r t i c u l a r l y  large, it c a n  f o r c e  c o m b i n e d  cycle 
u ni ts  t o  o p e r a t e  i n  a  s i m p l e  cycle m o d e  a n d  r e q u i r e  multiple
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m a c h i n e s  to be o p e r at ed  b e l o w  t h e i r  m o s t  efficient lo ad  l e ve ls  so 
that t h e y  can p r o v i d e  n e c e s s a r y  s p i n n i n g  reserves.

One d i f f i c u l t y  e n c o u n t e r e d  in m o d e l i n g  the ML &P  s y s t e m  w e s  the 
i n a b i l i t y  of W I G P L A N  to a c c u r a t e l y  c o m m i t  rtaources in the  d i s p a t c h  
s i m u l a t i o n  d u e  to spe ci fi c  m i n i m u m  l o a d i n g  and spinni ig r e s e r v e  
con s tr ai nt s.

This w a s  r e s o l v e d  u s i n g  e c u s t o m  L o t u s  1-2-3 s p r e a d s h e e t  p r o g r a m  
w h i c h  d e f i n e d  t he abil it y t o  c o m m i t  t h e  various c o m b i n e d  c y c l e /  
simp l e c y c l e  c o m b u s t i o n  t u r b i n e  (CT) options. T h e  L o t u s  mo de l 
a n a l y z e d  w h e t h e r  c e r t a i n  u n i t s  c o u l d  be operated due to m i n i m u s  
g e n e r a t i o n  a n d / o r  s pinning r e s e r v e  r e q u i r e m e n t s  for t y p i c a l  l o w  and 
hi gh  l o a d  d a y s  b y  season a n d  b y  y e a r  o v e r  the  f o r e c a s t  per io d . 
This i n f o r m a t i o n  was t h e n  fed into t he W e s t i n g h o u s e  m o d e l  to 
d e t e r m i n e  opti ma l d i s p a t c h  a n d  h e n c e  t h e  a ppropriate c o s t  of e n e r g y  
and c a p a c i t y  f or ML&P.

P r o p e r  P l u m i n g  S o r i s o n

T o  c o m p u t e  a v o i d e d  costs it w a s  n e c e s s a r y  to d e t e r mi n e t h e  p r o p e r  
p l a n n i n g  h orizon. The W e s t i n g h o u s e  p r o g r a m  is capab l e o f  a 3 0 - y e a r  
p l a n n i n g  h o r i z o n  a n d  the L o a d  F o r e c a s t  c o m e s  on a p p r o x i m a t e  2 0 - y e a r  
time h o r i z o n  f ro m 1988 t o  2010. M L & P ' s  last g e n e r a t i o n  p l a n n i n g  
st ud y c o v e r e d  a 10-year period.

M o s t  l o a d  f o r e c as ts  for e l e c t r i c  u t i l i t i e s  extend o n l y  20 yeer s.  
M a n y  u t i l i t i e s  r e g u l a r l y  f o r e c a s t  on o n l y  a 5- to 1 0 - y e a r  b a si s.  
The r e a s o n  for this s h o rt er  h o r i z o n  is tha t economic d a t a  p r o j e c­
tions c a n  b e c o m e  v e r y  s p e c u l a t i v e  a f t e r  about 10 years. P o p u l a t i o n  
p ro je c t i o n s ,  w h i c h  are a p r i m e  d r i v e r  of load forecasts, t e n d  t o  
b e c o m e  h i g h l y  s p e c u l a t i v e  a f t e r  10 t o  20 years due t o  t h e  e f f e c t s  
of m i g r a t i o n  a nd chang es  in f e r t i l i t y  and m o r t a l i t y  r a t e s  for 
v a r i o u s  a g e  groups.

T he l a s t  M L & P  g e n e r a t i o n  s t u d y  e n t i t l e d  10-Year S y s t e m  P l a n n i n g  
S t u d y . p e r f o r m e d  in J u l y  o f  1985, adopted a 1 0 - y e a r  p l a n n i n g  
horizon. A  d e t e r m i n a t i o n  of t h e  p r o p e r  pla nn i ng  h o r i z o n  s h o u l d  not 
b e  d e t e r m i n e d  b y  a m o u n t  .of dat a available. A  3 0 - y e a r  m o d e l i n g  
study w a s  p e r f o r m e d  to e x t e n d  th e s t u d y  out far e n ou gh  u n t i l  t h e r e  
w as a n s e d  for the nex t i n c r e m e n t  of capacity.

T h e  m o s t  s i g n i f i c a n t  fac to rs  s u p p o r t i n g  a limited p l a n n i n g  h o r i z o n  
ar e t h e  v o l a t i l i t y  and i m p a c t  of w o r l d  oil prices o n  t h e  A l a s k a n  
e conomy. B e c a u s e  of t h e s e  f actors, avoided c os ts  h a v e  b e e n  
c a l c u l a t e d  in a w a y  w h i c h  r e m o v e s  the r i s k  of changes in oil p r i c e s  
and i n f l a t i o n  r a t e s  from r a te pa y er s.  Th is  can be a p p r o x i m a t e d  b y  
the a d o p t i o n  of a n  a v o i d e d  c o s t  r a t e  formula r a t h e r  t h a n  an 
e x p l i c i t  a v o i d e d  c o s t  rate. T h e  " h e a t  rate" f o r m u l a  u s e d  to 
c a l c u l a t e  a n  a v o i d e d  e n e r g y  r a t e  is b a s e d  on fuel c o s t s  a t  t h e  time
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they ere incurred. F u e l  costs ere d e t e r m i n e d  m o n t h l y  end b a t e d  on 
the actual a v e r a g e  c o e t  of natural gaa p u r c h a s e d  b y  ML&F.

Similarly* b e c a u s e  of t h e  unce r ta in ty  a s s o c i a t e d  wi th  l o ng-term 
p ur ch a s e  c o m m i t m e n t * ,  a v o i d e d  capacity r a t e s  s h o u l d  not be locked 
in m o r e  t h a n  20 y a a r s  i n  a d v a nc a of nee d b y  a u t i li t y.  In addi ti on  
to u n c e r t a i n t i e s  a b o u t  l o a d  growth, p o p u l a t i o n  g r o w t h  a n d  fuel 
prices, t e c h n o l o g i c a l  I m p r o v e m e n t s  are o c c u r r i n g  in the CT g e n e r a­
tion m a n u f a c t u r i n g  b u s i n e s s .  T h e  lag t i m e  b e t w e e n  i nt ro duction of 
t e c h n o l o g i c a l  c h a n g e s  in t h a  aircraft i n d u s t r y  a n d  implem a nt at io n 
of t ho s a c h a n g e s  in t h e  p ower i n d u s t r y  is a r o u n d  10 years. 
Therefore, f u t u r e  a d v a n c e s  in t echnology c o u l d  s i g n i f i c a n t l y  reduce 
a v o i d e d  c a p a c i t y  c o s t s  20 t o  25 years hence*

B a s e d  on t h e s e  c o n s i d e r a t i o n s ,  the p r o p e r  p l a n n i n g  h o r i z o n  for 
c u r r e n t  M L & P  a v o i d e d  c o s t  c om mi tm e nt s h a s  b e e n  id en ti fi e d a s  10 to 
20 years. W h i l e  m u c h  c a n  b e  done to m i n i m i z e  t h e  nature of the 
s pe cu lation, t e c h n o l o g i e s  a n d  industrial r e l a t i o n s h i p s  c an change 
d r a m a t i c a l l y  in a t w e n t y  y e a r  time-frame.

P l a n n i n g  E o r i s o n  C o n s i d e r a t i o n s  by R e g u l a t o r y  A g e n c i e s

T h e  q u e s t i o n  o f  a p r o p e r  a v o i d e d  cost p l a n n i n g  p e r i o d  h a s  r e c e n t l y  
b e e n  a d d r e s s e d  b y  s e v e r a l  st at e commissions. T h e  Idaho C o m m i s s i o n  
issu ed  O r d e r  No. 2 2 6 3 6  o n  J u l y  27, 1989 i n  C a s e  No. U- 15 0 0 - 1 7 0 ,  a 
g e n e r i c  p r o c e e d i n g  o n  P U R P A  implementation, vlt r e a f f i r m e d  t he 
l i m i t a t i o n  of Q F  c o n t r a c t s  t o  20 year d u r a t i o n  b e c a u s e  of t h e  types 
of u n c e r t a i n t i e s  i d e n t i f i e d  above (Order at p . 77)

Similarly, t h e  O r e g o n  P u b l i c  U t i l i t y  C o m m i s s i o n  has f o u n d  that 
a v o id ed  c o s t s  in P U R P A  c o n t r a c t s  which l o o k e d  r e a s o n a b l e  l e s s  than 
f en years a g o  n o w  a p p e a r  to h a r m  r a t e p a y e r  interests. T h e  C a l i f o r­
nia E n e r g y  C o m m i s s i o n  a l s o  has found t h a t  a v o i d e d  c o s t  rates 
p r o j e c t e d  o u t  20 y e a r s  a n d  levelized h a v e  c r e a t e d  an o v e r - c o m m i t­
men t  of Q F  r e s o u r c e s  t h a t  jeopardizes C a l i f o r n i a  u ti li ti e s*  abi li ty  
to m i n i m i z e  c o s t s  t o  r a t e p a y e r s  through i n t e r f e r e n c e  w i t h  economy 
e n e r g y  t r a n s a c t i o n s .

III. M A J O R  HfflBniMg AflgffMPTIOMg-ANP

C o n s i s t e n c y

N u m e r o u s  a s s u m p t i o n s  v e r s  n e e d e d  to m od e l the g e n e r a t i o n  resources. 
O ne p r i m a r y  g o a l  w a s  t o  p r o v i d e  a c o n s i s t e n t  s e t  of assumptions. 
S p e c i f i c a l l y ,  t h a  s a m e  fuel prices, i n f l a t i o n  rates, a n d  load 
l e v e l s  u s e d  i n  t h e  l o a d  forecast a nd f o r e c a s t  s c e n a r i o s  were 
i n c o r p o r a t e d  in t h e  W I G P L A N  model.
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F u t u r e  R e e o u r o e  O p t i o n s

T h e  a n a l y s i a  vas e x t e n d e d  far e n o u g h  in the f ut ur e to e v a l u a t e  
imparts of n e w  resource*. T h i s  r e q u i r e d  an e v a l u a t i o n  of r e s o u r c e s  
a l t e r n a t i v e s  w h i c h  m i g h t  b e  s e l e c t e d  t o  meet local r e q u i r e m e n t s .  
T h e  p r i n c i p a l  r e s o u r c a  c h o i c e s  w a r e  coal fired a nd CT t e c h n o l o g i e s .  
T h e  r e s o u r c a  opt io ns  w e r a  p l a c a d  in th a W X G P L A N  p r o g r a m  a n d  tha 
p r o g r a m  u a a d  its " l o o k  a h e a d "  c a p a b i l i t y  to c h o o a a  t h a  m o a t  c o a t  
e f f e c t i v e  n e w  form o f  g e n e r a t i o n  v h t n  required.

T o  a n a l y s e  future c o s t s  o f  C T  t e c h n o l o g y  a l i t e r a t u r e  s e a r c h  vas 
c o nd uc te d.  B e ca us e  t h i s  t e c h n o l o g y  is adv an ci ng  rapidly, a v a r i e t y  
of o r g a n i z a t i o n s  w e r e  c o n t a c t e d  for information. F u t u r e  e s t i m a t e s  
of h e a t  r a t e s  (9,224 BTU/ k W h  L H V  a n d  10,30.0;B T U / k W h  KHV) a r s , b a s e d  
o n * K E l e c t r i c  P o w e r  R e s e a r c h  I n s t i t u t e  (EPRI) U n f o r m a t i o n  a n d  
p V o j e c ^ i o n a  Vaetjto "t h a ^ s i z e  o f y  futura CT' t * ( 2 0 0 * W w ) - B a s e d  on 
M L & P ' s  c u r r e n t  plans, th is  w o u l d  t a k e  t h e  form o f  a j o i n t  v e n t u r e  
w i t h  a n o t h e r  utility.

EPRI, m a n u f a c t u r e r s  and t r a d e  a s s o c i a t i o n s  v e r s  r e l u c t a n t  to 
e s t i m a t e  future p r i c e s  of e x p e c t e d  CT technology. T h e r e f o r e ,  an 
a n a l y s i s  of e c o n o m i e s  of s c a l e  f o u n d  in the t u r b i n e  m a n u f a c t u r i n g  
p r o c e s s  v a s  p er fo r me d.  T h i s  ana l ys is , w h e n  c o m b i n e d  w i t h  i n f o r m a­
t i o n  a b o u t  p l a n t  c o s t s  s p e c i f i c  t o  Alaska, r e s u l t e d  i n  a n  i n s t a l - 3 
led 1988 capital c o s t  of $l77 /k w.  A  sepa r at a r e p o r t  is i n c l u d e d  
as a n  a p p e n d i x  to th is  t e s t i m o n y  w h i c h  d o c u me n ts  t h i s  i n f o r m a t i o n .

C o a l  f ir ed  p o w e r  p l a n t  c a p i t a l  c o s t s  a n d  heat r a t e s  u s e d  in t h e  
W I G P L A N  m o d e l  w e r e  t a k e n  f r o m  t h e  EPRI Technical A s s e s s m e n t  G u i d e  
i n f or ma ti o n.  C a p it al  c o s t s  a r e  e s t i m a t e d  at.$3,000 p e r  k W  in 1988 
dollars. T h e  h e a t  r a t e  for t h e  c o a l  p l a n t  was a s s u m e d  t o  b e  12,4 60  
BTU/kWh.

P l a n t  R e t i r e m e n t s

M L & P ' s  t w o  ol dest CT u n i t s  a r e  a s s u m e d  to be r e t i r e d  in t h e  y e a r  
. 1 9 9 2 .  U n i t s  1 an d 2 w e r e  i n s t a l l e d  in 1962 and 1964 r e s p e c t i v e l y .  
^ U n i t s  1 a n d  2 h a v e  i n d i v i d u a l  m a x i m u m  capac it ie s o f  a b o u t  o f  16.2 
MW. A n c h o r a g e  M L & P ' s  s h o r e  of B r a d le y Lake j/as m o d e l e d  a t  a b o u t
23.3 M W  o f  c a p a c i t y  s t a r t i n g  in 1992. Becaise t h e  m o d e l  r a r e l y  
u s e d  u n i t s  1 & 2 a f t a r  B r a d l e y  L a k e  b e c a m e  o pe ra tional, t h e s e  u n i t s  
w e r e  a s s u m e d  to b e  r e t i r e d  t o  s a v e  fixed O&M costs. U n i t s  1 & 2 
p r o v i d e  M L & P  w i t h  s u b s t a n t i a l  flexibility. T h e  a c t u a l  s t a t u s  of 
U n i t s  >1 & 2 c a n  r a n g e  from retir e me nt , ■ whe n e v e r  B r a d l e y  L a k e  g o e s
on, line, t o  r e c o v e r i n g  if a n e e d  for n e w  cap ac it y d e v e l o p s .

1

C T  u n i t  3 w a s  a s s u m e d  t o  b e  r e t i r e d  in C996.~ T h i s  C T  v a s  a d d e d  to 
t h e  M L & P  s y s t e m  in :1968.„ C T  u n i t  3 v a s‘mod«led  w i t h  a  c a p a c i t y  of 
a b o u t  19.8 MW. I t  w a s  a s s u m e d  t h a t  this unit w o u l d  b e  k e p t  on l in e 
u n t i l  B r a d l e y  Lake h a d  a c h i e v e d  m a t u r i t y  and its o p e r a t i o n  h a d  b e e n  
fu ll y i n t e g r a t e d  into the M L & P  system.
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T h a  p r i m a r y  m o d e l i n g  r a t i o n  for tha r a t i r a m a n t  of all thraa units 
v a s  t h a t  w i t h  t h a  a d d i t i o n  9f Bradl ay  Laka, t h a  M L & P  aystaa has 
mo r a c a p a o i t y  a n d  a n a r g y  than it c u r r a n t l y  naads. Bacausa thasa 
thraa o l d a a t  a n d  a n a l l a s t  units hava t h a  "vorst" o r  h i g h a s t  haat 
ratas, t h a  p r o b a b i l i t y  of u s a  or d i s p a t c h  d r op s w i t h  t ha add it io n  
of B r a d l a y  Laka. R e t i r i n g  tha units, t h a n  fora, r a pr as an ts  an
o p p o r t u n i t y  t o  s a v a  fi x ad  O & M  costs.

M L & P ' s  o t h a r  C T ' s  a r a  a o d a m  units i n s t a l l a d  in t h a  1970'• and tha 
1980's. T h a s a  u n i t s  a r a  baing vail m a i n t a i n a d .  M L & P ' s  standard 
o p a r a t i o n  c a l l s  f o r  a n n ua l to s a m i a n n u a l  i n s p a c t i o n s  and m a j o r  
o v e r h a u l s  a p p r o x i m a t a l y  avary 3 yaars. A t  t h a s a  o v a r h au ls  M L & P  
p a r f o r m s  b o t h  a  fu ll  i ns pa c ti on  and d a s t r u c t i v a  t a s t i n g  o n  salactad 
(1 b l a d a  p a r  row) h o t  r o t a t i n g  blades.,  ̂ J n  t h i s  w a y , ' t h a  CT's ara 
c o n s t a n t l y  c h a c k a d  and  p a r t s  ara r e p l a c e d  a n d  upgraded. Thi s 
p r o g r a m  o n  m o d a m  C T ' s  s h o u l d  rasult in a n  a x t a n d a d  life expectan- 
c y 7 ^Therefore, n o  o t h a r  r a tiramants .vara a s s u m a d  for tha study 

period. -• J\\\ Z © \ 7  \<2&>=? l S D \ 1

I x i s t i n g  R e s o u r c e  P h y s i c a l  P aramatars 3  y g Q /  S

K i t h  r a s p a c t  t o  i n d i v i d u a l  rasourcas, m o d a l  p a r a m a t a r s  v a r a  b a s o d  
o n  a c t u a l  d a t a ,  v h a r a  possibla, n o t  a m p i r i c a l  o r  thaor at ic al  
a s s u m p t i o n s .  T h a  f i r s t  assumptions a a d a  v a r a  o n  t h a  r a s o u r c a s  to 
b a  i n c l u d e d  i n  t h a  g e n e r a t i o n  m o d e l i n g  effort. H a a t  R a t a s  or 
e f f i c i e n c i e s  f o r  t h a  C T s  that ML&P o p e r a t e s  v a r a  t a k e n  from actual 
t es t d a t a  p e r f o r m e d  b y  ML&P. T h e  fuel rate (y) in M C F / h r  v a s  
c o n v e r t e d  t o  a fue l c o n s u m p t i o n  formula:

y  -  A  +  B (MW) + C ( M W )1 .

T h e  c o e f f i c i e n t s  f o r  A, B, 6 C are s h o v n  in T a b l e  1. M i n i m u m  and 
m a x i m u m  g e n e r a t i o n  o u t p u t  of tha CTs v a s  b a s e d  o n  a c t u a l  experience 
levels. C o m b i n e d  c y c l e  u n it s ara c o m m i t t e d  t o  m i n i m u m  oparation 
of a ful l day, c o n s i s t e n t  w i t h  ML &P  g e n e r a t i o n  d i s p a t c h  practices. 
T h i s  p r e v e n t s  u n n e c e s s a r y  cycling a nd s t r e s s  on t ha c o m b i n e d  cycle 
units.

* -a
S i m i l a r l y ,  O & M  e x p a n s e s  v a r a  c a l c u l a t e d  f r o m  h i s t o r i c  ML & P data, 
as v e r a  f o r c e d  o u t a g e  ra ta s  and m a i n t e n a n c e  r e q u i r e m e n t s .  T ab le  
2 and T a b l e  3 p r o v i d e  k e y  physical p a r a m e t e r s  f o r  t h a  v a r i o u s  CTs 
a n d  h y d r o  p r o j e c t s .  T h e s e  parame t er s v a r a  u s e d  as a n  input in tha 
m o d e l i n g  e f f o r t .

PAGE 9 - E X P LA N A T IO N  AND SUPPORT FOR AVO ID ED  COST T A R IF F  PROPOSED
BY ML&P A01t7*B?.M2\lOOU-2.O71



T a b l e  1 
R e s o u r c a  Fuel 6 o&M  C o s t s

"A" "B"
U n i t m c f m c f / m w MCF/HW*

CT1 79 9.16 0. 0476
CT2 76 3.50 0.0933
CTS 80 9.19 0 .2 31 0
CT4 160 7.83 0.02 89
CTS 160 8.51 0.01 59
CT7 160 9.60 0 .0012
CT8 215 7.65 0 . 01 96

C C 5 + 6 168 6.74 0 . 0 0 2 6
C C 6 + 7 199 5.93 0 . 0 0 8 0

E k l u t n a
B r a d l a y

(Hydro)
(Hydro)

F i x e d
$ / k w

10.41
10.41
10.41
1 0.41 
12.27 
11.93
9.54

9.54
9.54

0 . 0 0

0 . 0 0

O & M

V a r
S/ m w h

6.75
6.75
6.75
6.75 
0.81 
0.81 
0.81

0.81
0.81

19.00
7. 00
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T a b l e  2
P hysical R e s o u r c e  P a r a m a t a r s

Summer W i n t e r F orced M a i n t
Y e a r M i n M a x M a x O u t a g e v k s /

U n i t A d d e d (KW) (KW) (MW) R at e % y e a r

CT1 1962 5.0 14.0 16.2 21.4 8
CT2 1964 5.0 14.0 16.2 21.4 8
CT3 1968 5.0 17.7 19.8 21.4 8
CT4 1972 5c0 31.1 31.4 21.4 8
CT5 1974 10.0 33.8 35.1 4 11.7
CT7 1981 10.0 74.4 74.3 4 6
CT8 1984 10.0 77.7 86.5 4 6

C C 5 + 6 1978 25.0 42.8 4 5. 1 2 12.4
C C6 +7 1981 35.0 99.4 99.3 2 7.5

E k l u t n a 1953 0.0 5 4
B r a d l e y 1992 0.0 5 4

T a b l e 3
E n e r g y  from H y d r o  R e s o u r c e s

M o n t h E k l ut na B r a d l e y  Lake
M W H / v e e k M W H / v e e k

1 1713 2389
2 1795 2618
3 1635 2002
4 1401 1625
5 1501 1715
6 1646 1707
7 1751 1681
8 1760 1626
9 1709 1613
10 ' 1754 2 0 0 9
11 1810 2463
12 1935 2474

I n s t a l l e d  r e s e r v e  c a p a c i t y  r e q u i r e m e n t s  in the m o d e l i n g  a r e  b a s e d  
on t h e  f o r m u l a  e s t a b l i s h e d  by c o n t r a c t  a mong t h e  i n t e r c o n n e c t e d  
R a i l b e l t  u t i l i t i e s .  T h e  c o n t r a c t  r e q u i r e s  that M L £ P  m e a t  its 
a n n u a l  s y s t e m  p e a k  p l u s  :.a m i n i m u m  o f  a 30% r e s e r v e  c a p a c i t y  
r e q u i r e m e n t .  T h e  A l a s k a  Inte r ti e A g r e e m e n t  (Addendum N o  1 R e s e r v e  
C a p a c i t y  a n d  O p e r a t i n g  R e s e r v e  R e s p o ns ib il it y)  v a s  s i g n e d  in 
D e c e m b e r  o f  1985. T h e  anal ys is  a s s u m e s  t h a t  a d d i t i o n a l  g e n e r a t i o n
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is added w h e n  tn M L & P  r e se rv e m a r g i n  o f  45% ia reached. This 
'providaa t c u s h io n in cta a abn or ma l v a a t h a r  or u n e x p e c t e d  growth 
o c c ur s so t h a t  g a n a r a t i o n  c a n  ba addad b a f o r a  tha c o n t r ac t minimus 
is raachad. T h a  a n a l y s i s  al so  assumas t h a t  tha A l aska Xntartia 
A g r e e m e n t  r e m ai n s in force for t ha study pariod.

S p i n n i n g  r a s a r va s ara a l s o  d a t a r m i n a d  b y  tha Z n t sr t ia  Agraamant. 
M L 4 P  s p i n n i n g  ra sa r v a s  ara c a l c u l a t e d  b y  m u l t i p l y i n g  tha largest 
u n i t  of t h a  total i n t e r c o n n e c t e d  s y st em  ti me s tha large st  M L A P  unit
o n - l i n e  a n d  than d i v i d i n g  t h a t  p r o du ct  b y  tha s u m  of all intercon­
ne c t e d  u ti li ti e s'  l a r ge s t u n i t s  on-line. Historically, this 
s p i n n i n g  r e s er v e r e q u i r e m e n t  h a s  w o r k e d  out tow a v a r a g a  about 33% 
o f ^ t o t a l  l o a d  for M L & P  in t h a  w i n t e r  a n d  about 41% in tha summer.

T h a  a n a l y s i s  also a s s u m e s  t h a t  n o  e c on o my  a n ar gy  sales or purchases 
occurred. In tha I n t e r c o n n e c t e d  Alas ka  p o w e r  grid, economy anargy 
s al es  are d i f f i c u l t  to p r e d i c t  w i t h  certainty. In t ha past, sales 
h a v e  o c c u r r e d  at v a r i o u s  q u a n t i t i e s  a n d  prices. F o r  tha 20-year 
p l a n n i n g  horizon, tha B r a d l a y  La k a p r o j e c t  w i l l  p r o v i d e  m o s t  of 
M L & P ' s  t r a d i t i o n a l  e c o n o m y  e n e r g y  p u r c h a s e r s  w i t h  en ergy h a v i n g  a 

. l o w  v a r i a b l e  coat.

c 0  \o» Simil a rl y,  m o d e s t  a m o u n t s  of e c o n o m y  e n e r g y  t r a n s a c t i o n s  would
p r o b a b l y  a f f e c t  the  "with" a n d  "without" c o g e n e r a t i o n  scenarios

r equally. M o d e l i n g  of o t h e r  i n t e r c o n n e c t e d  u t i l it ie s  w i t h  a
m u l t i - a r e a  model w a a  b e y o n d  t he scope of the studi es  s upporting
t h a  p r o p o s e d  ta riff and w o u l d  requ ir e e x t e n s i v e  da ta  and forecasts 
f r o m  o t h e r  u t i l i t i e s  t h a t  p r o b a b l y  a r e  not a v a i l a b l e  t o  ML&P. 
F urt he rm or e,  s h ould e c o n o m y  e n e r g y  s a l e s  dominate, the  Q F  would 
p r o b a b l y  c o n t r a c t  d i r e c t l y  w i t h  the b u y i n g  u t il it y b e c a u s e  it would 
o b t a i n  t h e  h i g h e s t  price.

C o g e n e r a t i o n  A s s u m p t i o n s

F o r  i l l u s t r a t i v e  p u r p o s e s  t o  d i s c us s t he features of th a tariff 
r a t e s  a n d  the models, a n u m b e r  of a s s u m p t i o n s  w e r e  m a d e  about 
p o t e n t i a l  c o g e n e r a t i o n  resources. T h e s e  a s s u m p t i o n s  w e r e  needed 
as inputs t o  the c o m p u t e r  models. T h e  anal ys i s u s e d  a range of 
a s s u m p t i o n s  so t h a t  t h e  t a r i f f  co ul d  p r o v i d e  a y o i d a d  c o s t  planning 
d a t a  to a  b r o a d  r a n g e  of Q F  developers.

T h e  f irst m a j o r  a s s u m p t i o n  w a s  the size of a unit. T h r e e  examples, 
10 MM, 25 M M  a n d  50 MW, w e r e  u s e d  to q u a n t i f y  t he impa ct s of alter­
na t e  sizes. <_A 50 M W  c o g e n e r a t i o n  u n i t  w a s  c o n s i d e r e d  t h e  upper 
limit. A t  50 M W  t h e r e  w e r e  a n u m b e r  of m i n i m u m  l oa d a n d  potential 
"reserve p r o b l e m s  t h a t  c o u l d  o c c u r  on t h e  M L & P  system. A  50 KW or 
l a r g e r  u n i t  w o u l d  n e e d  t o  h a v e  a v a r i e t y  of spec ia l scheduling- 
r e l a t e d  o p e r a t i o n a l  co ns tr a i n t s .  C o g e n e r a t i o n  u n i t s  o u t s i d e  of the 
100 k W  t o  50 M W  r an ge  w i l l  r e q u i r e  speci a l anal ys is  t o  calculate 
t h e  a p p r o p r i a t e  a n n u a l  c o e f f i c i e n t s  t o  b e  us ed  in d e t er m in in g 
a v o i d e d  costs.
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T h e  s t a p l e  an al y s i s  a s s u m e s  tha t t h e  co ge ne r a t i o n  Q F  w o u l d  cone 
o n - l i n e  in 1992. T o  te st  h o w  the o n - l i n e  date a f f e c t s  the a v o i d e d  
c o s t s  of ML&P, a s c e n a r i o  a n a l y s i s  u s i n g  a 1998 o n - l i n e  d a t e  vas 
p e r f o r m e d .

The c o g e n e r a t i o n  u n i t  v a s  a l s o  a s s u m e d  to have a p l a n t  f a c t o r  of 
808 a n d  w o u l d  be c a p a b l e  o f  o p e r a t i n g  all ye ar  lon g e x c e p t  for a 
3 0 - d a y  s c h e d u l e d  m a i n t e n a n c e  perio d.  Every 5 y e a r s  a 60 -day 
m a i n t e n a n c e  p e r i o d  w o u l d  b e  re quired. To test t h e  p l a n t  f a ct or  
a s s u m p t i o n  and c re at e r a t e s  for o t h e r  hy po th e t i c a l  f a c i l i t i e s  the 
p l a n t  f a c t o r  of the Q F  v a s  r e d u c e d  t o  a 60% value.

T o  m o d e l  t h e s a  a s s u m p t i o n s  the Q F  u n i t ’s forced o u t a g e  r a t e  and 
s c h e d u l e d  u s a g e  b e l o w  full o u t p u t  w h e n  capable a r e  neede d.  It was 
a l s o  a s s u m e d  t h a t  t he u n i t  w o u l d  b e  a t  full p r o d u c t i o n  w h e n e v e r  
p o s s i b l e .  A c co rd in gl y,  it v a s  d e t e r m i n e d  that t h e  f o r c e d  o u t a g e  
rate w o u l d  be 6.588 for t h e  808 p l a n t  factor sc en a ri o.

/ \ S 3 u * U s i n g  t h e  60% p l a n t  factor, w h i l e  c o n t i n u i n g  t o  a s s u m e ,  full 
u>Ko\ p r o d u c t i o n  s c h e d u l i n g  a n d  m i n i m a l  m a i n t e n a n c e  p e r i o d s ,  r e s u l t s  in

p  . " 7  a 2 6 . 5 8 8  f or ce d o u t a g e  rate. A l t h o u g h  longer m a i n t e n a n c e  p e r i o d s
Or\ Vw.\\ . an<i a l o w e r  forc ed  o u t a g e  r a t e  couldvfaave b e e n  c h os en , t h e  m a i n  
Lui'Apo*- \ V  p u r p o s e  w a s  to a n a l y s e  s e n s i t i v i t y  of avoided c o s t s  t o  t h s  p l a n t

,'rA©  f a c t o r * s c jv « / d w .W  Fcfe. t 'S  r
fi f'O'VT

It a l s o  a s s u m e d  th at  ths Q F  was  w i t h i n  the A n c h o r a g e  M L & P  s e r v i c e  
a re a and, therefore, t h a t  t h e  p o w e r  d e l i v e r e d  s h ou l d n o t  b e  r e d u c e d  
f or t r a n s m i s s i o n  losses. T h e s e  a s s u m p t i o n s  w e r e  u s e d  t o  d e v e l o p  
a se t o f  a p p r o p r i a t e  e x a m p l e s  o f  avo id ed  c o s t s  t h e o r e t i c a l l y  
a v a i l a b l e  to a r e s o u r c e  d e v e l o p e r .  A c t u a l  rates w i l l  v a r y  d e p e n d­
ing o n  t h e  s p e c i f i c  Q F  w h i c h  is pr op os ed .

X c o n o m i o  F a c t o r s

T h e  p r i n c i p a l  e c o n o m i c  f a c t o r s  u s e d  in the m o d e l i n g  w e r e  the  fixed 
c h a r g e  rate, a d i s c o u n t  rats, A & G  costs, and f o r s c a s t s  o f  fusl 
costs, inflation, CT c a p i t a l  inflation, and c o s t s  o f  e n e r g y  n ot 
served. ' «

A  f i x e d  c h a r g e  rat e of 188 w a s  as sumed. This f i x s d  c h a r g e  r a t e  is 
b a s e d  u p o n  t h s  C h u g a c h / M L & P  U n i t  8 C T  contract.

A  d i s c o u n t  ra ts  o f  9.928 w a s  u s e d  in the cal cu l at io ns . T h i s  w a s  
t h e  a v e r a g e  c o s t  of c a p i t a l  u s e d  in M L & P ' s  most r e c e n t  r a t e  case.

A d m i n i s t r a t i v e  and G e n e r a l  (AtG) c o s t s  wers n o t  i n c l u d e d  in the 
a v o i d e d  c o s t  c a l c u l a t i o n  b e c a u s e  t h e y  a re not a v o i d e d  b y  a p u r c h a s e  
f r o m  a QF. In fact, c o m p l e x i t i e s  a ss oc i at ed  w i t h  a d m i n i s t e r i n g  a 
l a rg e Q F  c o n t r a c t  c o u l d  r e s u l t  in h i g h e r  A& G ex pe nses. T he re fo rs ,
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inclusion of A&G e x p e n s e s  in the f orecast a v o i d e d  costs w o u l d  bs 
inappropriate.

A  fusl f o r e c a s t  v as a l s o  rsq ui rs d at a n  i np ut  into the m o d e l i n g  
programs a n d  in ths c a l c u l a t i o n  of ths t a r i f f  a v o i d a d  cost c o e f f i­
cients, e v e n  t h o u g h  t h e  t a r i f f  ia b a s e d  u p o n  a c tu a l natural gas 
pricas t h a t  o c c u r  in t h a  future. The fuel f o r e c a s t  used is b a s s d  
on data d s r i v a d  from I S E R  and usad in t h s  l o a d  forecast.

Because oil a n d  n a t u r a l  g a s  pricss hava a la rg a i mp ac t on s ta ts  tax 
revanusa a n d  t c o n o m i c  a c t i v i t y  as ve i l as o n  t h s  costs t o  ths 
utility, a c o n s i s t a n t  sa t of assumptions v a s  r e q u i ra d.  An s l e m e n t  
of ths a n a l y s i s  v a s  t o  c a l c u l a t e  one set of a v o i d e d  coats b a s s d  on 
a "high" e c o n o m i c  a c t i v i t y  scanario. T h i s  h i g h  s c e n a r i o  c o n t a i n e d  
hi gh  gas o r  fusl p r i c s s  for ML&P. The fusl p r i c e  d a t a  used in t h e  
analysis a r a  c o n t a i n e d  w i t h i n  (Table 20 of A p p e n d i x  A) o f  t h s  
a tt ac h e d  l o a d  f o r e c a s t  document.

M L &P 's  a v o i d e d  c o s t s  a r e  h i g h l y  d e p e n d e n t  u p o n  t h e  future p r i c e  of 
n atural gas. B e c a u s e  o f  th is  de pe n d a n c e  on a c t u a l  pricss it v a s  
n e c e s sa r y t o  r e v i e w  t h s  I S E R  natural gas p r i e s  f o r e c a s t  b y  c o m p a r i­
son to a n o t h e r  A l a s k a  n a t u r a l  gas p r i c e  forecast. As d i s c u s s e d  
elsewhere, I S E R  ga s p r i c e s  art used f o r  p u r p o s e s  o f  f o r e c a s t i n g  
loads and c a l c u l a t i n g  a v o i d e d  costs. T h s  a v o i d e d  costs a r s  t h e n  
a d justed to r e m o v e  t h e  I S ER - b a s e d  n a tu ra l g a s  pries, so t h a t  t h e  
final a v o i d e d  c o s t  r a t s  f o r m u l a  usas M L & P ' s  a c t u a l  p r i e s  of n a t u r a l  
gas.

T o  r e v i ew  t h e  I S E R - b a s e d  fuel cost f or ecasts u s e d  in the analysis, 
they we re  c o m p a r e d  t o  g a s  p rices c a l c u l a t e d  b y  t h e  A la sk a  P o w e r  
A u t h o r i t y  in A u g u s t  o f  1988. The m i d - l e v e l  g a s  for ec as t is a 
little b i t  l o v e r  f r o m  t h e  1993 to 2003 t h a n  t h e  la test A P A  m i d­
range gas forecast. T h e  h i g h  ISER-based g a s  f o r e c a s t  is just a b o v e  
ths high A P A  forecast, a n d  t hs low I SE R- ba se d  g a s  f o r ec as t  is j u s t  
b e l o w  the A P A  lo w  g a s  forecast. Therefore, t h e  r a n g e  of a n a l y s i s  
is close to a n d  s l i g h t l y  b r o a d e r  than t h e  A P A  g a s  fo r ec a s t  range. 
T hi s i n d e p e n d e n t l y  c o n f i r m s  ths range o f  gas p r i c e  v a l u e s  u s e d  in 
t he c o m p u t e r  m o d e l i n g .

A n o t h e r  c o m p u t e r  d a t e  r e q u i r e m e n t  is t h e  ra te  o f  inflation. J u s t  
as t h s  t a r i f f  u s e s  a c t u a l  natur al  gas p r i c a s  r a t h e r  than f o r e c a s t  
values, it w i l l  u s e  a c t u a l  rates of in fl a t i o n .  T h s  i n f l a t i o n  
f orecast u s e d  in t h e  c o m p u t e r  m o d e l i n g  is c o n s i s t e n t  w i t h  t h s  
i nf lation f o r e c a s t  c o n t a i n e d  in the a t t a c h e d  L o a d  F o r e c a s t  (Table 
16 of A p p e n d i x  A  of t h e  a t t a c h e d  Load F o r e c a s t  document.) T h i s  
inflation f o r e c a s t  v a s  a l s o  use d to inflate C T  c a p i t a l  costs. T h s  
analysis t h a t  d i s c u s s e s  t h e  use of a g e n e r a l  i n f l a t i o n  r a t e  to 
e scalate f u t u r e  C T  c a p i t a l  costs is fo un d in t h e  a t t a c h e d  r e p o r t  
on CT t e ch no lo g y.
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T h s  "cost of energy n o t  s t r v s d "  is a m et ho d by w h i c h  ths W I g p l a h  
a o d s l  cslcul st s s s n s r g y  n o t  a va il a bl e to me et  l o a d  due  to the 
p r o b a b i l i s t i c  na ture o f  f o r c e d  outages and t h s n  e v a l u a t s s  this 
e n s r g y  cost. It vas a s s u m e d  t h a t  ML& P could b u y  t h s  s x t r a  snsrgy 
f r o a  c h u g a c h  E l e c t r i c  A s s o c i a t i o n  at an s xisting c o n t r a c t u a l  rate 
t i e d  to t h s  p ries of n a t u r a l  gas. Zn practice M L & P  c o u l d  either 
u t i l i z e  this rate, m a k e  p u r c h a s e s  in ths t c o no my  s n s r g y  aarkst, 
b o r r o v  e nsrgy froa a n o t h e r  u t i l i t y  to b e  r e turned at a l a t e r  date, 
or u t i l i z e  its h y d r o  s t o r a g e  c o n t r a c t  options.

A n  a p p r o a c h  vas c h o s a n  t h a t  assumed the n e ed ed  p o v e r  v o u l d  be 
p u r c h a s e d  at tha r e l a t i v e l y  h i g h  Chuga ch  co nt ra ct  rate a n d  o v e r­
st a t e s  ths va lu s  of e n e r g y  n o t  strvsd v h i c h  i nc lu d e s  ths a v o i d s d  
costs. T hs Chuga c h r a t e  a p p e a r s  in the Chugach E l e c t r i c  A s s o c i a­
t i o n  E m s r g s n c y  Po vs r R a t s  S c h e d u l a  for Intertie v i t h  ML&P. Th e 
r a t e  s c h e d u l e  i n c l u d e s  a b a s i c  cost of 51.9 a l l i s / k W h  a n d  a 
s u r c h a r g s  b a s e d  on a p e r c e n t a g e  incrtass in c u r r e n t  n a t u r a l  gas 
p r i c e s  o v e r  a p rice o f  $ 1 . 6 7 7 7 / M C F  appl ie d to a r e f e r e n c e  p r i c e  of
34.3 mills/kWh. T h i s  r a t s  v a s  es ti ma te d  u s i n g  t h e  n a t u r a l  gas 
p r i c e  f orecast found in t h s  L o a d  F orecast and v a s  a p p l i e d  t o  bo th  
t h e  "vith" and " v i t h o u t "  c o m p u t e r  simulations.

C o m b i n e d  c yc le  A v a i l a b i l i t y  e n d  C om m it m e n t  Model

A  L o t u s  1-2-3 c o m p u t e r  m o d e l  v a s  crea t ed  to d e t e r m i n e  f o r  each 
s e a s o n  of ea ch  y e a r  w h i c h  r e s o u r c e s  could be c o m m i t t e d  t o  l o a d  and 
s c h e d u l e d  c o n s i s t e n t  v i t h  e c o n o m i c  dispatch, s p i n n i n g  r e s e rv e,  and 
u n i t  o p e r a t i o n  l i m i t a t i o n s .  Typi ca l h i g h  and l o w  s e a s o n a l  d a i l y  
l o a d  s h a p e s  wer e  a n a l y z e d .  T h e  results of the a n a l y s i s  p r o v i d e d  
t h e  y e a r s  and s e a so ns  in v h i c h  M L & P ' s  never units c o u l d  b e  o p e r a t e d  
in e i t h e r  comb i ne d o r  s i m p l e  c y c l e  m o de  vithout v i o l a t i n g  c e r t a i n  
c o n s t r a i n t s .  The p r i n c i p a l  c o n s t r a i n t s  were: 1) e c o n o m i c  dis p at ch ; 
2) c o m b i n e d  cycle u n i t s  m u s t  b e  run a full 24 hours, n o t  c y c l e d  on 
a n d  o ff daily; 3) t h e  c o n t r a c t  h y dr o resources m u s t  b e  fully 
u t i l i z e d ;  4) c o n t r a c t  s p i n n i n g  reserve requirements m u s t  b e  m e t  for 
all h o u r s  of o pe ra t i o n ;  and, 5) wh en  t he c o g e n e r a t i o n  Q F  is o p e r a­
tio n a l  its energy m u s t  b e  u s e d  in the M L & P  system.

T h e  r e s u l t i n g  i n f o r m a t i o n  o n  v h i c h  un it s enjild b e  r u n  a t  vhich 
t i m e s  v a s  u s e d  as i n p u t  i n t o  the W e s t i n g h o u s e  W I G P L A N  model. 
T h e r e f o r e ,  the c o m b i n e d  c y c l e  a v a il ab il it y  and c o m m i t m e n t  m o d e l  and 
t h e  s p i n n i n g  r e s e r v e  *  d e l  v a s  run for each s e n s i t i v i t y  case.

T h e  r e s u l t s  o f  t h i s  m o d e l  w e r e  carefully c o m p a r e d  t o  c u r r a n t  
o p e r a t i o n a l  p a t t e r n s  o f  t h e  M L & P  system and to m e d i u m  t e r m  g e n e r a­
ti o n  d i s p a t c h  m o d e l s  u s e d  b y  the utility. T h i s  p r o v i d e d  an 
i n d e p e n d e n t  v e r i f i c a t i o n  o f  t h s  model results, and a n  a s s e s s m e n t  
o f  t h e  l i mi ta ti on s  o f  t h e  L o t u s  1-2-3 m odsl r e s ul ts  as a n  input to 
t h e  W I G P L A N  program. r~he m o d e l  results compared v s l l  t o  c u rr en t 
p r a c t i c e  a nd the m e d i u m - t e r m  g e n e r a t i o n  dis pa tc h m odel.
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v e r i f i c a t i o n  of th e M o d e l i n g  E ffort

T o  v e r i f y  t h e  W I G P L A N  m od e l results, t w o  m e t ho d s of cross c h e c k i n g  
v e r s  u t i l i s e d .  First, t h e  W I G P L A N  r e s u l t s  were c h e c k e d  a g a i n s t  
r ec en t h i s t o r i c  d a t a  on fuel co st s  e n d  hours of g e n e r a t i o n  by 
sachine. T h e  W I G P L A N  r e s u l t s  a g r e e d  v i t h  the 1988 h i s t o r i c a l  
values. S e c o nd ,  M L & P  staff c h o o s e  a future y e a r  (1992) and 
i n d e p e n d e n t l y  c a l c u l a t e d  t he g e n e r a t i o n  costs and u ni t  o p e r a t i o n  
h o u r s  u s i n g  a d i f f e r e n t  c o m p u t e r  prog ra m,  the Poversym Plus model. 
Th i s c o m p u t e r  m o d e l  is u s e d  by M L & P  for analysis of o p t i m a l  
s c h e d u l i n g  of its resour ce s.  The i n d e p e n d e n t  c al cu l a t i o n  of 1992 
c o n d i t i o n s  v i t h  t h e  u s e  of this model c o n f i r m e d  the a c c u r a c y  of the 
W I G P L A N  r esults.

IV. R E B U L T B  O f  M O D E L I N G  A V O I D E D  CQ8T8

O v e r v i e w  o f  R e s u l t s

T o  d e t e r m i n e  an e x a m p l e  of t h e  a v o i d e d  c o s t s  of M L & P  for e s p e c i f i c  
QF, t h e  r e s u l t s  o f  t w o  W I G P L A N  c o m p u t e r  m o d e l i n g  runs w e r e  s u b­
tracted. T h e  b e s t  e s t i m a t e  of the c o s t s  M L & P  w o u l d  av oi d b y  a firm 
p o w e r  p u r c h a s e  f r o m  a 50MW, 80% p l a n t  factor, Q F  added in 1992 are 
d e t a i l e d  in T a b l e  4.

T h e  a v o i d e d  c o s t s  a r e  c a t e g o r i z e d  as a v o i d e d  capacity a n d  a v o i d e d  
..onergy ‘costs. T h e r e  are n o  a v oi de d  c a p a c i t y  b e n e f i t s  u n t i l  t h e  
“yea r  2015, o v e r  t w o  d e c a d e s  after t h e  Q F  is assumed t o  b e  added.

arly, a v o i d e d  e n e r g y  b e n e f i t s  a r e  relatively l o w  b e c a u s e  
i n c l u d i n g  t h e  Q F  in M L & P ' s  re so ur ce  s t a c k  creates i ne ff i c i e n c i e s .  
S p e c i f i c a l l y ,  v i t h o u t  t he QF, ML & P c a n  u t i l i z e  its e x t r e m e l y  fuel 
e f f i c i e n t  c o m b i n e d  c y c l e  p l a n t s  (units 5/6 and 6/7.) W i t h  a 50MW 
-QF, t h e  c o m b i n e d  c y c l e  p l a n t s  w ou l d b e  s h u t  down b e c au se  of m i n i m u m  
lo a d a n d  c y c l i n g  o r  o p e r a t i n g  r e q u i r e m e n t s  on c o m b i n e d  c y c l e  
o pe ra t i o n .  T h i s  w o u l d  force M L & P  to u s e  less fuel e f f i c i e n t  u n i t s  
(i.ft., h i g h e r  h e a t  r a t e  units) to s e r v e  customers' n e e d s  a b o v e  
t h o s e  m e t  b y  t h e  QP.

•

F o r m u l a  R e s u l t s  - „

T a b l e  4 p r e s e n t s  t h e  f o r mu la  c o e f f i c i e n t s  for the a n a l y s i s  o f  a 
50MW, f 9% p l a n t  factor, 1992 firm p o w e r  QF. Table s 5 t h r o u g h  8 
c o n t a i n  f o r m u l a  c o e f f i c i e n t s  for t h e  other samp le  f a c i l i t i e s  
q u a n t i f i e d  In t h e  s c e n a r i o  analysis.

T h i s  f o r m u l a  r e p r e s e n t a t i o n  of a v o i d e d  costs in c o n s t a n t  1988 
d o l l a r s  is t h e  m o s t  a p p r o p r i a t e  w a y  t o  calculate a v o i d e d  costs. 
U s e  o f  t h e  f o r m u l a  m a k e s  t he a v o i d e d  costs of M L & P  a c c u r a t e l y  
r e f l e c t  i n f l a t i o n ,  fuel p r i c e s  a nd a m o u n t s  of energy p r o d u c e d  b y  
a QF. T h e  f o r m u l a  m a k e s  t h e  a v o i d e d  c o s t s  less d e p e n d e n t  o n  f u t u r e  
u n c e r t a i n t y .  I n  t h i s  v a y  t h e  risks o f  sp ec ul a t i o n  a s s o c i a t e d  v i t h
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i n f l a t i o n  and n a t u r a l  g a s  p r i c e s  ara not f o r c a d  u p o n  tha ratapayars 
of ML&P.

T a b l e s  4 t h r o u g h  8 c o n t a i n  c o lu mn s  laba la d MA N a n d  NB N . Theaa 
c o l u m n s  r t p r e s e n t  a n n u a l  co e ff i c i a n t a  u s e d  in t h e  sample anargy 
a v o i d a d  c o s t  f o r m ul as .  T h e  "A" c o e f f i c i e n t  o r  t e r m  relates to 
fuel. It is d e t e r m i n e d  b y  t a k i n g  tha d i f f e r e n c e  in fuel costa and 
e n e r g y  n o t  s e r v e d  c o s t s  b e t w e e n  the "with" a n d  "without" c o g e n­
er a t i o n  c o m p u t e r  runs, t h e n  d ividing t h a t  d i f f e r e n c e  b y  the 
c o g e n e r a t e d  ene. iy a n d  t h e n  d ividing b y  t h e  c u r r e n t  fuel price. 
T h e  "B" t e r m  is t h ©  d i f f e r e n c e  in v a r i a b l e  O & M  c o s t s  b e t w ee n  the 
"with" and " v i t h o u t "  c o g e n e r a t i o n  c o m p ut er  runs, t h e n  divided by 
t h e  c o g e n e r a t e d  e n e r g y  a n d  t h a n  divided b y  t h e  a m o u n t  of inflation 
s i nc e 1988. T h e  f o r m u l a  f or calcu la ti n g a v o i d e d  e n e r g y  coats froa
T a b l e s  4 t h r o u g h  8 is o f  t h e  form:

E n e r g y  R a t e  ( $ / M W h ) «  (Nat. G a s  P * A) +  (B * O & M  Inflation)

T o  d e t e r m i n e  t h e  m o n t h l y  c a p a c i t y  cost c o e f f i c i e n t ,  t h e  difference 
in a n nu al  c a p i t a l  c o s t a  a n d  the d i f f e r e n c e  i n  a n n u a l  fixed O &X 
c o s t s  b e t w e e n  t h e  " v it h"  a n d  "vithout" c o g e n e r a t i o n  c o m p u t e r  runs 
v a s  f i r s t  d e t e r m i n e d .  T h o s e  differ en ce s  w e r e  t h e n  d i v i d e d  b y  12 
m o n t h s  a n d  b y  t h e  s i z e  of the QF unit. C a p a c i t y  c os ts  c a n  be 
c a l c u l a t e d  as:

A v o i d e d  c a p a c i t y  M o n t h l y  Ca pacity I n f l a t i o n
R a t e  *  C o s t  * fr om

($/kW-Month) C o e f f i c i e n t  1988

S e n s i t i v i t y  A n a l y s i s  R e s u l t s

T o  s u p p l e m e n t  t h e  e x a m p l e  found in Table 4 a n d  p r e s e n t  a range of 
i n f o r m a t i o n  o n  a v o i d a b l e  costs p o t e n t i a l l y  a v a i l a b l e  to a QF 
d ev el op er ,  s o m e  of t h e  m a j o r  QF a s s u m p t i o n s  w e r e  test ed  for
sens it iv it y.  I t  v a s  n e c e s s a r y  to eva lu at e t h e  i m p a c t  of QF size,
c o m m e r c i a l  o p e r a t i o n  d a t e  and plant factor. I t  v a s  a l s o  necessary 
t o  e v a l u a t e  t h e  i m p a c t  o f  a "high economic" a c t i v i t y  a nd hence a 
" hi gh  load" s c e n a r i o  o n  M L & P ' s  avoided costs. T h i s  s e c t i o n  of the 
r e p o r t  r e v i e w s  t h e  d i s t i n c t  scenarios and d i s c u s s e s  t h e  corre sp o nd­
ing T a b l e s  o f  c o e f f i c i e n t s  c r e a t e d  from t he c o m p u t e r  models.

T h e  f i r s t  s e n s i t i v i t y  a n a l y s i s  involved r e d u c i n g  t h e  p l a n t  factor 
o f  t h e  Q F  f r o m  8 0 %  t o  60%. T h e  annual a v o i d e d  c a p a c i t y  and energy 
f o r m u l a  c o e f f i c i e n t  r e s u l t s  of this a nalysis a r e  f o u n d  in Table 5.

T h e  s e c o n d  s e n s i t i v i t y  a n a l y s i s  vas  to e x t e n d e d  t h e  Q F  commercial 
o p e r a t i o n  d a t e  f r o m  1992 t o  1998. These r e s u l t s  a r e  f o u n d  in Table 
6. It s h o u l d  b e  n o t e d  t h a t  the values are i d e n t i c a l  t o  those of 
t h e  c a s e  p r e s e n t e d  i n  T a b l e  4 except for t he y e a r s  b e t w e e n  1992 and 
1997.
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T h e  t h i r d  e e n e i t i v i t y  e n e ly ei e  v e e  to r e du ce  the s i z e  of the or 
f r o a  5 0 M W  t o  25MW. A  fourth f u r t h e r  r e d u c e d  the eize t o  10KW. The 
r e s u l t s  o f  t h e s e  tw o  ana ly se s  of eize a re c o n t a i n e d  in T a b l e  7.

T h e  f i f t h  a n d  final s e n s i t i v i t y  a n a l y s i s  c a l c u l a t e d  H L 6 P ' s  avoid ed  
c o s t s  u n d a r  a "high aconoaic" a c t i v i t y  acanario. T h e  r e s u l t s  are 
c o n t a i n a d  in T a b l a  I.

c o n c l u s i o n s  froa M o d e li ng

It is c l e a r  froa all of the s c e n a r i o  a n a l y s e s  t h a t  K L & P  d o e s  not 
h e e d  a d d i t i o n a l  capa ci ty  at t h i s  tiae. T herefore, t h a r a  a re no 
a v o i d e d  c a p a c i t y  costs for the i m m e d i a t e  futura. T h e  a v o i d e d  

" e n e rg y c o s t s  also d e m o n s t r a t e  t h a t  a 5 0 K W  c o g e n e r a t i o n  f a c i l i t y  
w o u l d  c a u s e  in ef fi c i e n c y  in M L & P ' s  operation.

T h e  s e n s i t i v i t y  analysis s h o w s  t h a t  a v o i d e d  c o s t s  a r e  a f u n c ti on  
of t h e  Q F  u n i t ' s  size and p l a n t  factor. T h a  a v o i d a d  c o s t a  a r e  also 
a f u n c t i o n  of M L & P ' s  loads, f u tu r e i n f l a t i o n  a n d  f u t u r a  g a s  prices. 
B e c a u s e  t h e s e  factors a f f e c t  a v o i d e d  costs, r a t e s  p a i d  t o  a QF 
s h o u l d  r e f l e c t  as m a n y  of t h e s e  factors as ponsibla.

A v o i d e d  C a p a c i t y  Rates

B e c a u s e  c a p a c i t y  is not n e e d e d  on the  M L & P  s y s t e m  b e f o r e  t h e  y e a r  
2015, e n t e r i n g  a c o n t r a c t  t h a t  r e q u i r e s  p a y m e n t  o f  a n  a v o i d e d  
c a p a c i t y  r a t e  at this time is inappropriate. T h e r e  a r e  three 
r e a s o n s  w h y  c o n t r a c t i n g  to p a y  an a v o i d e d  c a p a c i t y  r a t e  w o u l d  p la ce  
a n  u n f a i r  r i s k  on M L & P ' s  ratepayers.

F'irst, a c o n t r a c t u a l  c a p a c i t y  ra te  w o u l d  b e  zer o u n t i l  t h e  y e a r  
2015 b e c a u s e  no c a p a c i t y  c o st s c o u l d  b e  a v o i d a d  u n t i l  then. Due 
to t h e  l e v e l  of u n c e r t a i n t y  a b o u t  load, r e s ou r ce  a n d  c o s t  p r o j e c­
tions, a 2 0 - y e a r  t e r m  is t h e  m a x i m u m  a p p r o p r i a t e  l e n g t h  for a 
c o n t r a c t .  Therefore, a 2 0 - y e a r  c o n t r a c t  w o u l d  s e t  t h e  a v o i de d 
c a p a c i t y  r a t e  at zero for t h e  life of t h e  c on t ract. A  n o n - z e r o  
c a p a c i t y  r a t e  c o u l d  be e s t a b l i s h e d  o n l y  if t h e  c o n t r a c t  e x c e ed ed  
25 ye ars.

*

Second, t h e  t e c h n o l o g y  of C Ts is changing. B a s e d  u p o n  e x i a t i n g  
i n f o r m a t i o n  t h e  c ap ac i t y  c o s t  of t he n e x t  g e n e r a t i o n  o f  C T  t e c h n o l -  

-_ogy v i s  e x t r a p o l a t e d .  However, b e f o r e  t h e  y e a r  2015 m o r e  t h a n  one 
g e n e r a t i o n  o f  impro ve m en t in C T  t e c h n o l o g y  c o u l d  o c c u r ,  p r o b a b l y  
l o w e r i n g  M L & P ' s  a v o i d e d  c a p a c i t y  c o s t s ' m o r e  t h a n  m o d e l e d .  T h e r e­
fore, t o  e s t a b l i s h  c o n t r a c t  a v o i d e d  c a p a c i t y  c o s t s  n o w  w o u l d  limit 
t h e  a b i l i t y  of M L & P ' s  r a t e p a y e r s  t o  r e c o g n i z e  t h e  financial 
b e n e f i t s  o f  t e c h n o l o g i c a l  change.

F in al l y ,  a n  a v o i d e d  c a p a c i t y  ra te  is a l s o  i n a p p r o p r i a t e  at this 
t i m e  b e c a u s e  M L & P  d oe s not n e e d  capacity. U t i l i t y  r e g u l a t i o n  and 
r a t e s  s h o u l d  p r o m o t e  e c o n o m i c  p r in ci p le s.  T o  s e t  a  r a t e  that
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e n c o u r a g e s  t h e  d e v e l o p m e n t  of additi on al  c a p a c i t y  whan it ia not 
n a a d a d  is an i n a p p r o p r i a t e  usa of funda a n d  a c o n o m i c  rasourcas.

E ve n t h o u g h  it is inappro pr ia t e to c o n t r a c t u a l l y  aatabliah an 
a v o i d a d  c a p a c i t y  rata at th is  time, it is a p p r o p r i a t e  to diacusa 
h o w  auch a r a t s  m i g h t  ba d e t e r m i n e d  and w han. M L & P  proposss to use 
a m e t h o d o l o g y  s i m i l a r  t o  tha t d a a c r i b s d  in t h i a  document to 
d e t e r m i n e  a v o i d a d  c a p a c i t y  coa t co ef fi c i e n t * .  T h e e e  coat c o e f f i­
cients w o u l d  t h e n  b e  usad as ths basis f o r  s c o n t r a c t  capacity rata 
in terms of $ / k W « m o n t h  of firm capacity.

As a n o r m a l  p a r t  of M L & P ' s  pl an ni ng  proc es s , it reviews its needs 
for f u tu re  c a p a c i t y .  In the future, M L 6 P  w i l l  u p d a t e  this avoidad 
coat f i l i n g  a s  a p p r o p r i a t s  to c a l c u l a t e  a v o i d e d  capacity cost 
c oe ff i c i e n t s ,  a n d  p r op os e avoi da d c a p a c i t y  r a t a s  for firm p o we r 
QFs.

A v o i d e d  E n e r g y  R a t e s

MLfiP1n a v o i d e d  e n e r g y  r at es  are based u p o n  t h e  c o e f f i c i e n t s  in the 
p r e v i o u s  s e c t i o n .  T h e s e  coefficients a r e  r e p r e s e n t a t i v e  of, or 
e x a m p l e s  c a l c u l a t e d  to simulate, c e r t a i n  s p e c i f i c  Q F  c h a r a c t e r i s­
tics. T h e  a v o i d e d  e n er gy  cost c o e f f i c i e n t s  i n  T a b l e s  4 t h r o u g h  7 
c a n  be u s e d  t o  c a l c u l a t e  a spectrum of a v o i d e d  e n e r g y  rates. Ths 
p u r p o s e  of t h e  m e t h o d o l o g y  proposed a n d  t h i s  e x p l a n a t i o n  is to 
p r o v i d e  a s e t  o f  a v o i d e d  energy ra te s t h a t  m a y  as sist in ths 
d e c i s i o n  m a k i n g  p r o c e s s  for a variety of p r o s p e c t i v e  QF developers.

T o  q u a l i f y  f o r  t h e 9 s  p a r t i c u l a r  a v o id e d e n e r g y  rates, a Q F  m us t 
m e e t  t h e  o p e r a t i o n a l  a n d  size p a r a m e t e r s  a s s o c i a t s d  w i t h  the 
c o m p u t e r  m o d e l  a s s u m p t i o n s  that c r e at sd  T a b l s s  4 t h ro ug h 7. QFs 
w i t h  d i f f e r e n t  c h a r a c t e r i s t i c s  p r o b a bl y w i l l  n o t  qual if y for the 
p a r t i c u l a r  a v o i d e d  en ergy costs presantsd. S u c h  Q F s  will raquira 
an i n d i v i d u a l i z e d  a na ly s i s  of ths s f f e c t s  on t h e  M L & F  system and 
h e n c e  d i f f e r e n t  a v o i d e d  e n e r g y  costs. T h e  m o d e l  is available for 
d e v e l o p i n g  t h e  s p e c i f i c  coefficients.

U n d e r  a f o r m u l a  approach, a v o id ed  energy r a t e s  a r s  m o r e  predic ta b le  
t h a n  a v o i d e d  c a p a c i t y  ra t es  because e n s r g y  7 3 t # s  a r e  p r incipally 
b a s e d  o n  h e a t  r a t e s  of e x i s t i n g  CTs. A  f o r m u l a  r a t e  w h i c h  takas 
a c c o u n t  o f  a c t u a l  n a t u r a l  gas prices, inflation, and the firm 
e n e r g y  g e n e r a t e d  b y  a Q F  is ths mo s t a p p r o p r i a t e  m e t h o d  of setting 
a v o i d e d  e n e r g y  rates. S u c h  a rats is n e u t r a l  f r o m  t he ratepayers' 
p e r s p e c t i v e  t o w a r d  these factors and h a s  a h i g h e r  p r o b a b i l i t y  of 
a c c u r a t e l y  r e p r e s e n t i n g  M L & P ' s  actual a v o i d e d  e n e r g y  costs at the 
ti me  t h e  p o w e r  is delivered. However, p r i o r  t o  d e f i ni ng  the 
a v o i d e d  e n e r g y  rate, the m e t h o d s  of d e t e r m i n i n g  n a t u r a l  gas p rices 
and i n f l a t i o n  r a t e s  m u s t  b e  definad.

M L & P  c u r r e n t l y  p u r c h a s e s  all of its n a t u r a l  g a s  from ENSTAR. It 
is p r o p o s e d  t h a t  M L & P  c a l c u l a t e  its a v e r a g e  p r i c e  of natural gas
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p u r c h a s e d  on a mont hl y b a s i s  f o r  u se in its CTs* T h i s  m e t h o d  of 
c a l c u l a t i n g  natural g a s  p ^ ' - a s  w o u l d  a l l o w  M L & P  to I n c o r p o r a t e  the 
a v e r a g e  a o t u a l  gas c o s t  f or e a c h  m o n t h  in its a v o i d e d  e n e r g y  cost 
p a y m e n t s  t o  a QP for t h a t  month.

T h e  i m p a c t  of inflation o n  a v o i d e d  e n e r g y  costs g o e s  b e y o n d  fuel 
p r i c e  c h a n g e s .  I n f l a t i o n  a l s o  a f f s c t s  M L & P ' s  v a r i a b l e  O & M  costs. 
T h e r e f o r e ,  as a p r ox y f o r  v a r i a b l e  O & M  inflation, the r a t i o  of ths 
m o s t  r e c e n t  Anchorage C P I  t o  t h e  1911 annual A n c h o r a g e  C P I  should 
b e  u s e d  t o  adjust t h e  "B" t e r m  (the v a r i a b l e  O & M  component.) 
B e c a u s e  t h e  O & M  c o m p o n e n t  o f  a v o i d e d  costs is r e l a t i v e l y  small 
c o m p a r e d  t o  the f u e l - r e l a t e d  c omponent, o r  the " A” term, no "true 
u p ” to  a c c o u n t  for t h e  l a g  b e t w e e n  w h e n  the CPI is a v a i l a b l e  and 
t h e  p e r i o d  it covers is p r o p o s e d .  U s i n g  the A n c h o r a g e  C P I  o r  its 
s u c c e s s o r  as the p r o x y  f o r  v a r i a b l e  O & M  i nf lation is a d m i n i s t r a­
ti v e l y  convenient. T h e  C P I  is w i d s l y  a p p l i e d  a nd i n d e p e n d e n t l y  
c a l c u l a t e d .

T h e  f o l l o w i n g  sample c a l c u l a t i o n  of a n  a v oi de d e n e r g y  r a t e  for a 
f i r m  p o w e r  Q F  is a f u n c t i o n  o f  m a n y  Q F  o p e r a t i n g  as s um p t i o n s .  W i t h  
t h e  c o e f f i c i e n t s  found in T a b l e  4, t h e  p r i n c i p a l  a s s u m p t i o n s  are
1) t h a t  t h e  Q F  is a 5 0 K H  unit, w i t h  a n  80% p l a n t  facto r , w i t h  
coramercial operation in 1992, a n d  2) t h a t  t h e  Q P  d e l i v e r s  fi rm  
e n e r g y  d i r e c t l y  to M L & P ' s  t r a n s m i s s i o n  g ri d v i t h o u t  s i g n i f i c a n t  
losses. F o r  such a QF, M L & P  w o u l d  p a y  on a m o n t h l y  b a s i s  for 
e n e r g y  g e n e r a t e d  u s i n g  t h e  f o l l o w i n g  a v o i d e d  energy r a t e  formula:

E n e r g y  R a t e  ($/HWh)- (Nat. G a s  P  * A) +  (B * O & M  Inflat io n)

w here: Nat. Gas P, is M L & P ' s  a v e r a g e  p r i c e  (S/MCF) o f  n a t u r a l  gas
p u r c h a s e d  for u s e  in its CTs c a l c u l a t e d  on a m o n t h l y  basis.

O & M  Inflation, is t h e  m o s t  r ecently r e l e a s e d  
m ont hl y A n c h o r a g e  A l a s k a  CPI divid ed  by t h e  1988 
annual A n c h o r a g e  CPI.

A  and B a r e  t h e  a n n u a l  fuel e ff ic i e n c y  (MCF/MWh) an d 
v ar ia bl e O & M ,  ($/MWh) a v o i d e d  e ne rg y c o e f f i c i e n t s  
found in T a b l e  4 .  v

B s t i m a t i m g  the A v o i d e d  C o s t  f o r  a C og en e r a t i o n  P la nt  M o t  S i m u l a t e d

V i s u a l  c o m p a r i s o n  of t h e  A  a n d  B  c o e f f i c i e n t s  from o n e  t a b l e  to the 
n e x t  i n d i c a t e s  that t h e  a v o i d e d  c o s t s  d o  not v a r y  l i n e a r l y  as the 
s i z e  o f  t h e  c o g e n e r a t i o n  p l a n t  changes. The actual c o e f f i c i e n t s  
t o  b e  i n c l u d e d  in a c o n t r a c t  w i l l  b e  d e t e r m i n e d  b y  r e - r u n n i n g  the 
c o m p u t e r  m o de l u si ng  t h e  s p e c i f i c  c o g e n e r a t o r  p a r a m e t e r s .  T h i s  
c o m p u t e r  simul a ti on  w o u l d  c o s t  a b o u t  $2,500. T o  d e t e r m i n e  the 
e c o n o m i c  f ea sibility o f  a  c o g e n e r a t i o n  p r o j e c t  v h i c h  is s m a l l e r  
t h a n  50 MW, the a v o i d e d  c o s t  p a y m e n t s  t o  a c o g e n e r a t o r  s h o u l d  be 
e s t i m a t e d  u s i n g  the f o l l o w i n g  method.
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T h a  A a n d  B c o e f f i c i e n t *  ere l o ok ed  u p  in t he tables (Attachment
2) for t h e  n e x t  l a r g e r  and small er  c o g e n e r a t o r  c apacities froa th* 
d e s i r e d  c o g e n e r a t o r  site (I.*., l o o k  u p  2S an d so KW for p r o p o s e d  
40 K W  c o g e n e r a t o r .  For  each ye ar  th* A  c o e f f i c i e n t  is m u l t i p l i e d  
b y  the a n n u a l  e n e r c y  o u t p u t  of t h e  s a a l le r,  s i m u la te d c o g e n e r a t o r  
to p r o d u c e  t h e  a v o i d e d  g a s  p u r c h a s e  b y  ML &P . F o r  each y e a r  t h e  B 
c o e f f i c i e n t  is m u l t i p l i e d  by t h e  a n n u a l  e n e r g y  outp ut  of the 
smaller, s i m u l a t e d  c o g e n e r a t o r  to p r o d u c e  t h e  a v o id ed  v a r i a b l e  O & M  
cost in 1988 do llars. Similarly, t h e  a v o i d e d  gas p u r c h a s e s  an d  
a v o id ed  v a r i a b l e  O & M  c osts are d e t e r m i n e d  f o r  t he larger, s i m u l a t e d  
cog a ne ra to r.  T h e  a v o i d e d  gas p u r c h a s e s  a n d  a v o i d e d  v a r i a b l e  O & M  
costs a r e  t r a n s l a t e d  into yearly p a y m e n t s  to the si mu lated c o g e n­
erators u s i n g  e i t h e r  the fuel p r i c e  e s c a l a t i o n  and CPI i n f l a t i o n  
r ates u s e d  in t h e  c o m p u t e r  m o d e l  o r  s u p p l i e d  b y  the p r o p o s e d  
c o g e ne ra t or . T h e n  t h e  pay me nt s t o  t h e  p r o p o s e d  co ge n e r a t o r  c a n  b e  
i n t e r p o l a t e d  t o  g i v e  a n  e s t i ma te  of t h e  a v o i d e d  cost p a y m en ts . 
S ince t h *  c h a n g e  is n o t  linear w i t h  c o g e n e r a t o r  capacity, t h *  
i n t e r p o l a t i o n  is o n l y  a n  es ti ma te  v i t h  t h e  s i m u l at ed  c u r v e s  o n  
e i t h e r  s i d e  p r o v i d i n g  a n  a b s o lu te  b o u n d  o n  t h e  avoi de d c o s t  
payments. T h *  f o l l o w i n g  g raph r e p r e s e n t s  a t h r e e  d i m e n s i o n a l  
p i c t u r e  o f  t h e  a v o i d e d  cos t p a y m e n t s  a s  a  fu nc ti o n of c a p a c i t y  
a s s u m i n g  n o  i n c r e a s e  in fuel p r i c e s  a n d  n o  inflation.

V. g S K S L g fflg M

F o r  t h e  r e a s o n s  s t a t e d  in this d o c u m e n t  M L 6 P  adepts the a v o i d e d  
co s t r a t e s  d e s c r i b e d  in this " E x p l a n a t i o n  a n d  Support" d o c u m e n t  as 
r e a s o n a b l e  a n d  c o n f o r m a n c e  wi th  a p p l i c a b l e  r e q u i r e m e n t s  of PURPA.
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S am pl e A v o i d e d  C o a t  Coafficianta 
for a 5 0 M M  Q F  w i t h  a 1992 atart data

Table 4

and a n  80% Pl an t facto r

A v oi da d A v o i d a d  E n e r g y
C ap ac i t y costs

Year Cost A B
($/KW-month) (acf/KWh) ($/MWh)

(1988 $} (1988 $)

1992 0.0000 7.4603 0 . 8 4 8 0
1993 0.0000 7.2817 0 « 8 4 3 7

1994 0.0000 7.1025 0 . 8 4 7 6

1995 0.0000 6.9340 0 . 8 4 8 2
1996 0.0000 6.8393 0 . 8 4 9 6
1997 0.0000 6.7616 0 . 8 4 0 8
1998 0.0000 9.8255 0 . 8 4 2 1
1999 0.0000 9.8468 0 . 6 4 3 5
2000 0.0000 9.8335 0 . 8 4 4 7
2001 0.0000 9.8336 0 . 8 4 6 8
2002 0.0000 9.8149 0 . 8 4 8 5
2003 0.0000 9.8094 0 . 8 5 0 7
2004 0.0000 9.8068 0 . 8 5 3 2
2005 0.0000 9.7058 0 . 8 5 3 8
2006 0.0000 9.6950 0 .8 56 6
2007 0.0000 9.8030 0 . 8 7 0 7
2008 0.0000 9 . 87 96 0 . 8 8 2 1
2009 0.0000 10.2799 0 . 9 1 8 1
2010 0.0000 10.4907 0 . 9 2 7 0
2011 0.0000 10.4910 0 . 9 3 4 8
2012 0.0000 10.2872 0 . 9 2 9 2
2013 0.0000 9.9848 0 . 9 3 8 8
2014 0.0000 10.6250 0 . 9 4 0 1
2015 6.9019 11.4226 0 . 7 5 8 3
2016 6.5964 11.3624 0 . 7 5 2 5
2017 6.3094 11.2449 * 0 . 7 4 4 9

S a m p l e  c a l c u l a t i o n  for 1994 
a s s u m e d  a v a r a g a  a o n t h l y  H L 4 P  n a t u r a l  gaa p r i c a  - $ 3 . 1 5 6 8 / M C F  
a s s u m e d  1 9 9 9  CPI -  441.8, 1 9 8 8  C P I  -  299.8,
A v o i d e d  E n e r g y  - (93.1568 a 6.9340) + ($0.8482*441.8/299.8)

*  23.14 m i l l s / k W h  (in 1995 $)
A v o i d e d  C a p a c i t y  - ($0.00 * 641.8/299.8)

0.00 $ / k W - o o n t h  (in 1995 $)

S a m p l e  c a l c u l a t i o n  for 2015 
a s s u m e d  a v e r a g e  m o n t h l y  HLfcP n a t u r a l  gas p r i c a  ■ $ 1 1 . 7 8 7 2 / M C F  
a s s u m e d  2 0 1 5  CPI -  1492.8 1 9 6 8  CPI - 299.8
A v o i d e d  E n e r g y  -  ($11.7872 * 11.4226) + ($0.7583*1492.8/299.8)

- 13 8.42 B i l l s / k W h  (in 2015 $)
A v o i d e d  C a p a c i t y  -  ($ 6 . 9 0 1 9  * 1492.8/299.8)

34.37 $ / k W - » o n t h  (in 2015 $)
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In this item, report all generating capacity installations, 
removals, and equipment upratings and deratings projected for the 
10 year period after the beginning of the reporting calendar year. 
For hydro units state the basis of the reported capacity (adverse 
hydro, average hydro or o t h e r ) .

This data shall be listed in a single composite table for the 
Council, or for each Reporting Party identified in this report. 
The capacity changes should be grouped according to the calendar 
year in which they are projected to occur.

Use the same method of reporting joint ownership as in Item

ITEM 2-B

FUTURE GENERATING CAPACITY INSTALLATIONS» CHANGE8 t REMOVALS

To facilitate reporting, the following abbreviations are to 
be used:

2 -A.

Column 01: Iden t if y ea ch  utility by the same 4 character
letter codes used in Item 2-A.

Column 03: Give the location of each generating
station. Use FIPS state and county codes as 
in Item 2-A.

Column 04: Identify the type of unit using the same code
as Item 2-A.

C o l u m n s  05 
& 06: N et capacity expected under normal conditions 

for the season shown, when using the primary 
fuel.

Columns 07 
k 09: Identify the type of fuel using the same codes 

as in Item 2-A.

Columns 08 
k 10: I den ti fy  the principal methods of transporting 

fuel to the plant site using the same codes as 
in Item 2-A.

Column 11: S h o w  the m on th  or season and year that the
un it  is projected to be included, removed, or 
reratcd as a normal operating resource.

Column 12: Indicate footnotes as necessary.
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Column 1 3 t Show the status of projected changes as followsi

P Planned for Installation but not utility- 
authorixcd.

L Regulatory approval pending. Mot under 
construction.

T Regulatory approval received but not under 
construction.

U Under construction, less than approximately 
50% completed.

V Under construction, more than approximately 
50% completed.

A Generating unit capability increased (rerated 
or r e l i c e n s e d ) .

n Generating unit capability decreased (rerated 
or r e l i c e n s e d ) .

M Generating unit put  in deactivated shutdown 
status.

S Generating unit returned to service from 
deactivated shutdown status.

R Generating unit permanently removed from any 
service.

X None of the above. See footnote referred to 
fn Column 12. If a lengthy explanation is 
needed use Item 7 in addition to the footnote.
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**Ŝ L

p*y MMuatfV (£)MW-*P^D»*M

K M U J
IIKSI

_____________ • • - *. ■ -



COUNCIL

REPORTING PARTY

FVIUPE GENERATING CAPACITY INSTALLATIONS, CHANGES AND REMOVALS
(For tha Twv-Yaar Period After th# Beginning of tha Sporting Calendar Year)

Unit
Syrbera Station Nane/Unit No. Loc. Type
~0l--------- '63---------  J 5 T  i f

ITEM 2-B

_______ Primary Fuel Alternate Fuel

Net
Capacity-Mf 
Sumner/ Winter

Fuel
Tj^e

Transp.
Method

Fuel

TVpe

Transp.
Method

Effective
Date Notes Status

05 OS 07 08 09 10 11 12 13

IE-411 (10-89) Page



hugach
lectrlc
AS30CU7)OHNC.

m . "
_-T\w« / ' • ~

A l C I I V f  0  

O c v  1 3  1919 

M A 9 K A B S M f A I / T M N T Y

Chugach Electric Association Inc. 
5601 Minnesota Drive 

P.O. Box 106300 
Anchorage, Alaska 90519-6300 

(907) 563-7494

VIA COURIER

CCA Form 114

To:

L e t t e r  O f  T r a n s m i t t a l

Alaaka Energy Authority
Data:

12/13/89

701 East Tudor Road

Anchorage, Alaska
Job No:

^ p. Penny L. Haldane_____________________

R Request of 11/15/89 Independent Reliability

Assessment on the Railbelt 
W e  are sending the following Items:

s 2 #  ■' * * f £  ■ i, .;De$crtpttor»3 J S S S U H

12/13/89 1 NERC Reliability Assessment/IE-44 Forms

i

------------- 1
i
i<
9

These are Transmitted:

□ For your 
Information

□  For action 
specified below

□  For review 
and comment

□  For your 
use

S  as requested

/  y
Copies to: Tc® Lavas . By: L * Fai*C-4

File 803.8

____________________________________________Titie: Manager of Planning



COUNCIL A S C O

(b o o t h ; p w b y I T I l P
r a w  2-B

FUTUFE GENERATING CAPACITY INSTALLATIONS, CHANGES AJ© FDCVALfl
(roar th* T*n-Y*ar Period After th* Beginning of th* ^porting ^%ar)

Unit
System Station Name/Unit No. Lee. Typ* 
01 02 ~5T~ 04

/Vplif*

Ttr 

( A. 

f j L ^ a  2 .

Primary Fuel Alternate Fuel

Net 
Capacity***? 
Summer/ Winter

05 06

IE-411 (10-89)

Fuel Transp. Fuel Transp.
Type Method Type Method

07 08 09 10

Effective 

Pete Notes Status

11 12 13

|Vd> c \ r * y *
f j j  yv

Page 14



25>*>V '• '• ' •—  *-6 i -

« s w r a s  iMorri

n a , M

r v r o *  Q M M T o n  o w c n r  a o s m j t f x a B ,  a w a w  m e  n m d v m j(For the TwTeer Fwlo* After th* BifUning of th* H p m t i a f  c&ienter Y«v)
t * UggH E gtaUcp^BaaiAteit Wo. Lw. t y

CiiA  * *  f t r  JrT

gdMBC r » l  . Alfrrsif raol
K#tCapecitv-ftf ra s l Tmup. fu e l Tnrap. tffootivo

S m x /  Winter TVw *»thoi fg »  Mrthod Pete Moteg Statu*
07 J * .  W  JL0_ U  12 13

fix PL fcl PL CM I (X'fU«.-T(_/

^ ^ C j t t ^v t s -D 

f * U C t H  AHVC..

H-411 (10-6W ?rj* 14

1 2 - / ( 3  & V 5 7 X



OOUMCXL

wpoptinc n x n

Net 

Capacity-W 
S u m e r /  Winter

05

£C)
06 

2 3 . (fi

Fuel Transp. Fuel Transp.
Type Method Type Method

Effective
Date Motes Status

07

F o t
08

T f l
09 10 11 12 13

6.

S 6 ”c

^  Z 3

C r f U -  sA A U ,  ‘‘I S 0

0. -v .

^ t v i ^  "Sm*- lo*- 2 _  J / y ^ t r s n  . ?  •

IE-411 (10-89)
liTlfc ^ ■ rr&iv*---- £p& n3 v & Page 14

fTflO-S



ATTACHMENT C 

Spinning Reserve Cost Calculations



n

i

at
J |  A  R e v i e w  of

" E c o n o m i c  Feasibility of the P r o p o s e d  1 3 8  k V  

T r a n s m i s s i o n  L i n e s  in the Railbelt"m

X

f l

« Funded by

^  Department of Commerce and Economic Development
S i  Contract ASPS 90-028: Utility Consumer Representation

«

m

Prepared by 
Alan Mitchell

§ | |  Analysis North
911 W. 8th Avenue, Suite 204

Anchorage, AK 99501
X I 907-272-3425

m Report AN-90-1

M l February 14, 1990



A M f y *  Her* I M  kV t e n k  krrWw

fixed rm ovit of g is must be burned per hour lo turn the turbine even when no electricity is 
produced. As the loading on the turbine increases, this hourly "friction overhead" cost can be 
spread over more and more kWh produced, reducing the average fuel cost per kWh. Often, 
however, several units must be deliberately kept on at relatively low loading levels in order to 
provide spinning reserve. The cost of spin, then, is the difference between the low cost of 
providing energy alone from a few highly loaded turbines and the higher cost of providing 
energy plus spin from more turbines operating at lower loads. One can also think of the cost of 
spin as the cost of the extra "friction overhead" introduced by having more turbines spinning 
without any more kW h over which to spread these fixed costs.

The KA intertie allows the free spin from Bradley Lake to be available to the Anchorage load 
center. Economic benefit results from the substitution of this free spin for costly spin from 
Anchorage thermal units. DFI found that the present value of this benefit (after averaging across 
cases) is $8.9 million.

2.4.1 Quantified Errors

T he Cost o f Spin is Calculated .Incorrectly

To calculate the benefits of using more free spin from Bradley Lake, one must estimate 
how much spin substitution can occur and how costly is the thermal spin displaced. We first 
dispute the derivation of the cost of the displaced spin from thermal units. We argue that the 
calculation method is wrong, not the input assumptions. We present the argument by first 
deriving a general formula for the cost of spin. We show how this formula produces the right 
answer when applied to a simple example presented by DFI in a report for the Railbelt utilities. 
We then discuss why D F I’s formula for the cost of spin is wrong and verify that it produces the 
wrong answer when applied to the same simple example. Finally, we apply our formula to heat 
rate data for Railbelt thermal generation units to estimate the correct cost of spin and adjust 
accordingly the spinning reserve benefits that DFI attributes to a new Kenai-Anchorage intertie.

The Cost o f  S pin : a S im ple Exam ple

The principles behind the calculation of the cost of spin are best introduced by means of 
the following simple example, which is reproduced from page 6  of the DFI report "Value of 
Bradley Lake Spinning Reserves’ (October 6 , 1989), prepared for the Railbelt Utilities. This 
example prefaced their actual analysis of the cost of spin in the Railbelt. Suppose a system of 
five 100 MW thermal generators is running such that:

Total capacity of operating turbines: 500 MW
Total load on system: - 400 MW
Available operating reserve (spin): 100 MW

Number of operating turbines:

16



J

a

m

m

m

Bfl

M

t f

Loading level (L) of each turbine: 80%, i.e . 80 MW
Average Heat Rate at L *  80% : 12,000 Bra/kWh
Incremental Heat Rate from 80% to 100%: 2,000 Btu/kW h
(this is the incremental rate implied by D F l’s example but is very low for actual
generation units)

Now suppose that 100 MW of free spin becomes available from a hydro unit. It is now possible 
to shut down one unit completely and still serve the 400 MW load by running the four remaining 
units at full load. The cost savings from this rearrangement are easily calculated:

Gas saved by shutting  dow n one unit:
Gas used by additional load ing  on rem aining 4  units:
Net gas savings from e lim inating  100 M W  therm al spin: 
Net gas savings per un it o f sp in  elim inated:

80 M W  •  12 M fltu /M W h -  960 MBtu/hr 
4 * 20 M W  * 2 M B tu /M W h =  160 MBtu/hr 
960 MBtu/hr - 160 M B tu /h r = 800 MBtu/hr 
(800 MBtu/hr)/(100 M W ) =  8 MBtu/MWh = 8.000 
Btu/kWh

The cost savings from reducing the spin in this example is amount of fuel savings that 
occurs by rearranging the system as described (800 MBtu/hr), divided by the spin reduction, 100 
MW. The answer above, 8,000 Btu/kWh-spin, the same answer arrived at by DFI in their 
Bradley Lake spinning reserve report.

A General Expression fo r the C ost o f  Spin

Using this simple example as a pattern, it is possible to derive a general expression for 
the cost of spin. Define the following variables (values in parentheses are from the example 
above):

L =  The loading level in %  of the generation unit turned off to reduce spin (0.8).

U  =  The size of generation unit being turned off to reduce spin (100,000 kW).

AL =

M

The a\’erage heat rate of the unit being turned off, for loading level L (12,000 

Btu/kWh).

The incremental heat rate of the units that pick-up the generation loss caused by 

shutting off the unit (2,000 Bm/kWh).

The amount of reduced spin in the system is U. The load on the system remains constant while 
U kW of generation is turned off. Therefore, the reduction in spin must be U.

(1) Reduced Spin =  U  

The change in gas use can be thought of as consisting of two components. First, shutting the

17
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unit off causes t reduction in gas use of:

(2) Reduced gas use because of shutting unit off «  U  x L  x A L 

However, the remaining units must make up for the lost generation:

(3) Increase in gas use because of loading up remaining units *= U  x L  x  M  

The net decrease in gas use is found by subtracting (3) from (2):

(4) Net Decrease in Gas Use =  U  x  L  x  A L - U  x  L  x  M  -  U  x  L  x  (AL - M)

The net gas decrease per unit of spin is derived by dividing (4) by (1):

(5) Gas Decrease per Unit of Spin Reduced (Btu/kWh-spin) =  L  x  (Al - M)

We can further verify the formula by applying it directly to the DFI example presented 
above. The turbine being shut-off is 80% loaded, and its heat rate at 80% loading is 12,000 
Btu/kWh. The incremental heat rate of the rest of turbines that make-up for the lost generation 
is 2,000 Btu/kWh (this is the incremental heat rate implied by the figures in the example but is 
very low for real-world generation units). Applying our formula for the cost of spin:

Cost of Spin =  0.80 x  (12,000 Bru/kWh - 2,000 Bru/kWh)

Cost of Spin -  8,000 Btu/kWh-spin

This formula for the cost of spin gives the correct answer in the example.

Why DFI’s formula for the Cost of Spin is Incorrect

After completing the simple numeric example in the Bradley Lake spinning reserve report, 
DFI states on page 7 that cost of spinning reserves is:

P
Cost of Spin - (A. - bfix ----------------

y K 1 ' P M A X  - P

where,

P  -  Power Output of Unit 
P M A X  -  Unit Size

18
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To express this formula using the variable names above, note that P *  U x  L and PMAX = 
U:

Cost of Spin • (Al -  Afj x — —
1 * L

DFI does not apply this formula to their introductory example in the report. When it is applied 
to the example, it produces the incorrect answer of 40,000 Btu/kWh-spin, not the correct answer 
of 8,000 Btu/kWh-spin:

Cost of Spin - (12,000 Btu/kWh - 2,0Q0Btu/kWh) x 0.8

1 - 0.8
- 40,000 Btu/kWh-spin

«

*

n

n

m

n

m

M

This formula also produces impossible results when turbines near full loading are 
analyzed. As L approaches 1. the cost of spin approaches infinity, according to this formula. 
This is clearly not correct.

DFI claimed at the 1/30/90 Review Meeting that they actually performed their analysis 
of the cost of spin in the Railbelt with a different, somewhat more general formula. We now 
show that the derivation of this formula is also incorrect. Also, the more general expression 
when applied to short period of time produces the (AL - M)  x  L/(l-L) formula, which we have 
already shown to be incorrect.

D FI’s more general expression is:

Fuel Use -  X x [Energy kWh) + p x (Spin kWh) 

where,

X -  Cost of Energy, BtuJkWh 
|x -  Cost of Spin, Btu/kWh-spin

This expression is a simple statement that the total fuel cost during a particular period of time 
equals the cost o f energy times the amount of energy generated plus the cost of spin times the 
amount of spin generated over that time period. The expression does not allow one to calculate 
the cost of spin over the time period unless some assumption is made for X, the cost of energy.

In D FI's empirical analysis of the Railbelt generation system, the assumption was made that A. 
is the incremental heat rate of the generation system, i.e. X =  M. This is the error in the 
derivation. Assuming that all energy is produced at the system incremental heat rate is incorrect. 
In order to get any energy at all from the system, a turbine must be turned on, and the fixed 
frictional loss of a spinning turbine must be incurred. The cheapest that energy can come out
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of the system is by fully loading turbines and spreading the frictional loss over the largest amount 
of kWh.

The assumption that the cost of energy equals the system incremental heat rate is 
equivalent to assigning all the fixed frictional loss in the system to the production of spin, and 
none to the production of energy. It is clear why this formula has problems when attempting 
to determine the cost of spin for turbines near full load. As a turbine approaches full load, the 
amount of spin decreases towards zero. D FI’s formula still assigns all of the fixed frictional loss 
of the turbine to the cost of this spin. The cost per unit of spin becomes infinite as the turbine 
approaches full load because the divisor, the amount of spin, approaches zero.

We now show that D FI’s m ore general expression produces the formula (AL - M) x  L/(l- 
L) when applied to a short period of time. We apply the expression to a turbine whose loading 
characteristics do not change over a one hour time period. Using our previous variables, the 
amount fuel used over that one hour period is U x  L x  AL. The amount of energy produced 
is U x  L, and the amount of spin produced is U x  (1 - L). Once again, D F l’s assumption in 
the Railbelt analysis is that k =  M. Making these substitutions gives the equation:

U x L x A l - A f x f / x L  + |j x (/ x (1 - I) 

which simplifies to:

p - (AL - M) x — - —  -  Cost of Spin 
1 —

We have already shown that this formula produces an incorrect answer when applied to a simple 
numeric example and produces an impossible answer when applied to turbines near full load.

Applying the Correct Formula to the Railbelt Data

We now apply our formula for the cost of spin, L  x  (AL • M), to heat rate data of 
Anchorage/Kenai thermal units to estimate an average cost of spin. Table 3 summarizes the 
calculation. The units are arranged in their dispatch order, according to data provided by DFI 
in Appendix F of the AEA Recon report. W e do not analyze units beyond the Beluga CT #1 
unit, because the (load 4- spin) that can be served by the analyzed set of units is approximately 
550 M W . This capability combined with the Railbelt Hydro capacity will serve the bulk of the 
load through the analysis period, if optimal economic dispatch occurs.

When determining the cost o f spin for a particular unit, it is necessary to make an 
assumption about that unit’s loading and make an assumption about the incremental heat rate of 
the rest of the system. We test two different assumptions about the unit loading, 50% and 75% 
(our heat rate data source did not have heat rates at 25% load). The results are not very sensitive 
to this assumption. For the system incremental heat rate, we use the 50-75% incremental heat

20
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T able 3 - Cost of Spin for Kenai/Anchorage Thermal Generation Units

S i z e 50% 7 5 %

U n i t M W H R
--- - W W W

H R
scEEMacaci

B e l  C C  # 7 8  1 0 1

■ ******* 

1 0 , 9 8 1 9 , 8 3 1

B e l  C C  #68 1 0 1 1 0 , 9 8 1 9 , 8 3 1

A M L P  C C  # 7 6 1 0 9 1 0 , 0 1 7 9 , 0 1 8

B e l  C T  #5 67 1 5 , 0 1 2 1 3 , 4 4 8

B e l  C T  #3 50 1 4 , 8 2 2 1 3 , 2 2 8

B e r n  C T  #3 27 1 5 , 2 8 4 1 4 , 0 8 2

B e r n  C T  #4 27 1 5 , 2 8 4 1 4 , 0 8 2

A M L P  C C  # 5 6 48 1 3 , 8 0 2 1 1 , 5 0 0

B e l  C T  #1 16 1 7 , 1 1 9 1 5 , 6 0 2

1 0 0 %

I n c r e w

H R

S p i n
c o s t

S p i n
C o s t

H R 5 0 - 7 5 % 50% Ld 75 % L d

9 , 3 9 1 7 , 5 3 1 N e v e r  M a r g i n a l

9 , 3 9 1 7 , 5 3 1 N e v e r  M a r g i n a l

8 , 6 2 8 7 , 0 2 0 1 , 2 4 3 1 , 1 1 5

1 2 , 9 6 3 1 0 , 3 2 0 3 , 9 9 6 4 , 8 2 1

1 2 , 8 0 0 1 0 , 0 3 9 2 , 2 5 1 2 , 1 8 1

1 3 , 7 0 0 1 1 , 6 7 3 2 , 6 2 3 3 , 0 3 2

1 3 , 7 0 0 1 1 , 6 7 8 1 , 8 0 3 1 , 8 0 3
(13 4)1 0 , 3 6 5 6 , 8 9 6 1 , 0 6 2

1 5 , 3 1 4 1 2 , 5 6 8 5 , 1 1 2 6 , 5 3 0

2 , 58 4 2 , 7 S 4

B tu /k W h - s p in

NOTES1 Beat rate data fro* "Railbelt Intertie Proposal Preliminary Econoiic Assessment", March 1987, 
Alaska Power Authority, and fro* "Explanation and Support for Avoided Cost Tariff Proposed by HUP", XLP, 
1989 Data fro* APA report for Beluga CT /3 was scaled up to »atch the DFI assuiption of a 12,800 Btu/kWh 
full-load beat rate for the unit. Tbe ano*alous results for the Cost of Spin for the AKLP units are due 
to the fact that they are placed in the dispatch order according to their neat rate a ies their fuel 
cost/kWh plus variable 04M. Since AMLP pays a higher price for natural gas, they are placed behind less 
efficient Chugach units. For this societal resource cost analysis, there is no difference in cost between 
AxlP and Chugach gas; thus, i t  is justified to consider the cost of spin in ter*s of Btus/kWh-spin, 
without regard to fuel price.

rate of the unit one prior in the dispatch order. In an optimally dispatched system, it is likely
that this unit will be the unit that picks up the lost generation caused by shutting off the final unit
(units prior to this one are likely to have lower incremental heat rates, and therefore will
operating at o r near full load).

A djusting D F l’s R esu lt to  A rrive i t  the C o rrec t Operating R eserve Benefit for a New 

In te rtie

The average cost of spin for the units shown is 2,600 Btu/kWh-spin with the 50% loading 
assumption, and 2 ,800 Btu/kWh-spin for the 75% loading assumption. For our adjustment of 
the DFI spinning reserve benefit result, we choose the higher of the two estimates, favoring the 
new intertie. The average of the Case 1 and Case 2 operating reserve benefit as calculated by 
DFI is $8.9 million. D FI based this calculation on a cost of operating reserves of 7,000
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Btu/kWh-spin (increased from 5,000 Btu/kWh-spin in the AEA Recon report). The followi. 
expression adjusts the DFI result to correspond to our estimate of the cost of operating reserv 
of 2,800 Btu/kWh-spin:

Corrected Operating Reserve Benefit -  $8.9 million x j .*8 0 0  BtuJkWh-spin
7,000 Btu/kWh-spin

Corrected Operating Reserve Benefit -  $3.6 million

This adjustment lowers the present value operating reserve benefits of the new Kenai-Anchorage 
intertie by $5.3 million.

2.4.2 Unquantified Disputes

Case 1 Results use Too Low o f a T ransfer Capacity for the Existing In tertie

DFI analyzes two cases when calculating operating reserve benefits. Case 1 assumes that 
the transfer capacity of the existing intertie for the purposes of operating reserves access is 70 
MW input and 61 MW output. Case 2 assumes 90 MW input and 75 MW output. In the Case 
1 analysis, the operating reserve benefit of the new intertie is $ 1 0 .6  million, and the result for 
Case 2 is $7.1 million.

Sharing operating reserves only involves transferring energy over the intertie during 
periods of emergencies when the operating reserves are called on. There are no routine transfers 
of energy associated with sharing operating reserves. Therefore, the most accurate transfer rating 
of the intertie to use in the calculation is the emergency transfer limit, not the secure transfer 
limit. The Kenai-Anchcrage intertie question is simplified, however, because the Alaska Energy 
Authority technical consultant states that emergency and the secure transfer limit for the existing 
line will be 90 MW input, 75 MW output after the planned line compensation is installed ["Kenai 
Export Limits With and Without a New Line, With and Without Additional Compensation", 
power Technologies Inc., November 30, 1989, page 5]. We see little justification for 
incorporating the Case I results (70 MW input, 61 MW output) into the expected benefit 
calculation of the new line.

There has been some dispute concerning PT I’s calculation of the secure export limit of 
the existing Kenai-Anchorage line. This calculation is complex because it involves simulating 
Ihe response of the system to various faults (short-circuits) occurring on the system of 
transmission lines. A transfer limit is considered secure if the system can "survive" after such 
faults.

The emergency transfer limit, however, is a much more straight-forward calculation. 
Simulation of faults is not involved, because the probability of a fault occurring during a period 
when a transmission line is being relied on for emergency purposes is very low. In the case of
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A n a l y s i s  N o r t h

911 West 8 th Avenue, Suite 204

Alaska's Utility C onsum er Advocate 

Anchorage, Alaska 99501 907-272-3425

February 14. 1990

Dear Report Recipient:

Enclosed is our review of the Railbelt utilities’ cost/benefit analysis of new 138 kV (kilo­
volt) electrical transmission lines for the Railbelt. The utilities propose to fund these 
transmission lines through a S 125 million grant from the state’s Railbelt Energy Fund. The 
utilities’ analysis cost S250.000 and was performed by Decision Focus Inc. The report is 
available from the Alaska Rural Electric Cooperative Association (phone: 276-3235 in 
Anchorage).

Our review of this analysis was funded by a Utility Consumer Representation contract 
from the Department of Commerce and Economic Development. We undertook the review in 
an attempt to improve the quality of information being presented concerning these potential utility 
projects.

The utilities’ study finds that a new Kenai-Anchorage 138 kV line, a limited upgrade of 
the Anchorage-Fairbanks line, and a new Healy-Fairbanks 138 kV line are cost-effective, with 
benefit to cost ratios of approximately 1.6. 4.4, and 1.1 respectively. Our review agrees that 
the limited Anchorage-Fairbanks upgrade is cost-effective, but substantially disagrees with the 
conclusions concerning the Kenai-Anchorage line and the Healy-Fairbanks line. We believe that 
more reasonable benefit/cost estimates for the projects are 0 .6  - 0 .8 , indicating insufficient 
benefits to justify their construction.

Our disagreement stems from disputes concerning the input assumptions, methods, and 
arithmetic used in the utilities’ analysis. Details of these disputes are provided in the enclosed 
report.

Should you have any questions concerning this review, please call us.

Sincerely yours.

Utility Analyst
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1. I n t r o d u c t i o n  a n d  E x e c u t i v e  S u m m a r y

This report reviews the "Economic Feasibility of the Proposed 138 kV Transmission Lines 
in the Railbelt" prepared by Decision Focus Inc. (DFI) for the Railbelt utilities. A review was 
done of most, but not all. of the benefit categories for the proposed 138 kV line between 
Anchorage and Kenai. Because of time constraints and the large number of areas of dispute with 
the Kenai-Anchorage analysis, a less thorough review of the Healy-Fairbanks line was completed. 
A summary of the conclusions of the Healy-Fairbanks line review' is presented here, but detailed 
support for the conclusions is not provided.

We appreciate the promptness with which our data requests and questions were responded 
to by DFI. This facilitated the completion of our review.

Kenai-Anchorage 138 kV Intertie

The DFI analysis presents the costs and benefits of an additional transmission line 
between Anchorage and Kenai. 1 We identified 4 major errors in the methods and computations 
used in the analysis. These are not disputes concerning the input assumptions used in the 
analysis, which wall always differ between analysts. These are error? in how the input 
assumptions were used to calculate the final estimate of intertie benefits. Correcting these errors 
lowers the present value benefits of the new interne from D FI’s estimate of S I23 million (1990 
dollars) to S65 million.

In addition, we dispute a number of the input assumptions used in the analysis. Although 
not all of our disputes argue for lower benefits, we believe that more reasonable input 
assumptions would lower the estimated benefits of the 138 kV intertie further. The Alaska 
Energy Authority analysis of a more capable 230 kV intertie between Anchorage and Kenai 
showed benefits of $51 million, present value . 2 This analysis was also performed by DFI. We 
believe that a more accurate analysis of the 138 kV option would show its benefits to be equal 
to or less than this value.

The benefit estimates for the 138 kV intertie need to be compared to the costs of the 
intertie. Two cost estimates were presented in the 138 kV analysis, both assuming use of the 
Enstar route through the Kenai Moose Range. 3 One estimate assumed a 40 year life of the

’The existing line will remain operational even if the new line is built. It is necessary to 
serve customers along its route.

2,1 Railbelt Intertie Reconnaissance Study. Benefit/Cost Analysis", prepared by Decision Focus 
Inc. for the Alaska Energy Authority, June 1989.

JIn the Alaska Energy Authority analysis of the 230 kV alternative, a more expensive 
alternate route along the Tesoro right of way was also costed.

1
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proposed submarine cable under Tumagain Ann. The present value cost of this estimate is S74 
million. A second cost estimate assumes a 20 year life for the submarine cable (slightly more 
than the 15 year life actually experienced by Chugach Electric's Cook Inlet submarine cables). 
This cost estimate is $ 8 6  million, present value.

Benefits of 138 kV K enai-A nchorage Line are Less than Costs

If the benefits of the 138 kV Kenai-Anchorage intertie are $51 million or less, as we 
expect, the benefit to cost ratio of project will be less than 0.69 ($51 million divided by low cost 
estimate of $74 million). Even using the $65 million benefit estimate, derived from correcting 
only 4 major method errors in the 138 kV analysis, the benefit to cost ratio of the project will 
be 0.88 or 0.76. depending on the cost estimate used.

4 M ajor E rrors Q uantified

Figure 1 summarizes the magnitudes of 4 major method errors that were found in the DFI
Kenai-Anchorage Intertie analysis:

• A computation error was found in the calculation of the hydro-thermal coordination 
benefits of the new intertie . 4 DFI has agreed to the existence of the error. The error 
overstates the Energy Transfer benefits of the new intertie by $25 million, present value.

• The existing intertie causes power outages when it fails while transferring energy between 
Anchorage and Kenai. The study claims that these power outages cost customers $32 - 
$50 million, which will De avoided if a new intertie is built. However, the analysis fails 
to recognize that these outage costs can also be avoided without the construction of a new 
intertie by giving up the energy transfers that cause the outages. These transfers are only 
worth $17 million according to D FI’s analysis. The $17 million transfer benefit sets a 
logical cap on the reliability benefits of the new intertie. This cap lowers the reliability 
benefit estimate of the new intertie by $24 million.

• An incorrect formula for computing the cost of spinning reserve overstates the benefits 
of increased access to Bradley Lake spinning reserve by $5.3 million.

• An unnecessary simplification of the hydro-thermal benefit calculation overstates the 
hydro-thermal benefits of the new intertie by $3.7 million.

4Hydro-thermal coordination is a method for coordinating the hydro generation on the Kenai 
peninsula with the thermal generation in Anchorage so as to minimize the excessive part-load 
operation of the thermal generation.
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4 Method Errors in Kenai-Anchorage Study
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Figure I - Changes to Kenai-Anchorage Benefit Estimate due to 4 Major Method Errors. No 
other disputes are quantified in the displayed benefit adjustments.

U nquantified A reas o f D ispute

In addition to the errors listed above, a number of unreasonable input assumptions tend 
to bias the project benefits upwards, including:

• The calculation of the increased energy transfer benefits of the new intertie assumes with
certainty that a system for optimally coordinating generators will exist. Such a system 
does not exist now and may never exist.

• The hydro-thermal coordination regime modeled in the analysis appears is suboptimal.
A more optimal regime makes better use of the existing intertie and depends far less on 
a new intertie for the creation of economic benefit.

• The capacity benefits provided by the new intertie are valued at the full cost of new
generation capacity, despite the statement by Railbelt utilities that new capacity will be 
acquired through relatively cheap life-extension of existing plants.
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Healy-Fairbanks 138 kV Intertie

A F100 Lim ited U pgrade Project Has Benefits Substantially  in Excess of Costs

The northern interties analyzed in the report consist of two different projects. The AF100 
intertie involves adding compensation equipment to the existing Anchorage-Fairbanks line to 
increase its transfer capacity. The DFI analysis finds this project to have a cost of S10 million 
and benefits of $46 million, present value. Most of the benefits of the project involve the 
solution of an operating constraint called the "North Pole Constraint". The analysis assumes that 
if the AF100 intertie is not built, the North Pole constraint will not be solved by some alternative 
means. Such an assumption inflates the benefits of the AF100; however, we believe that use of 
a more reasonable assumption in the analysis would still show positive net economic benefits for 
the AF100 project.

T he Additional B enefits Achieved by the 138 kV H ealy-Fairbanks L ine, O ver and A bove 
the A F 100 O ption, are  Probably Less than the A dditional C osts

The second project analyzed is an 
additional 138 kV line between Healy and 
Fairbanks. The relevant question is whether 
the additional ("incremental") benefits of the 
line-over and above the benefits that will be 
provided by the cost-effective AF100 op tion- 
justify the additional costs of the line . 5 Ad­
vocates of this project often combine its 
benefits and costs with the AF 100 project. 
The substantial benefits of the AF 100 project 
disguise the marginal economic merit of the 
Healy-Fairbanks line when packaged together. 
Table 1 shows the estimates of incremental 
benefits and costs provided by DFI.

We believe it is probable that the 
incremental benefits of the Healy-Fairt-anks 
line will be less than the incremental costs, 
because jptimistic assumptions are used in the 
determination of the benefits.

Table 1 - D FI’s Estimate of the Incremental 
Benefits and Costs of the Healy-Fairbanks Line

DFI’ s Incremental Benefits and 
Costs of Healy-Fairbanks Line 
M illions of 1990 $, P resent V alue

Increm ental Benefits

Energy Transfer 
Reduced North Pole Constraint S 5.8
Other Economy Energy $ 39.3

Capacity Sharing $ 8.3

Reliability $ 6.5

TOTAL $ 59 .9

Increm ental C osts $ 54 .2

5The Healy-Fairbanks line requires that AF100 option also be built.
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Analysis A ssum es Sending G as-G enerated Electricity from A nchorage to Fairbanks will 
Produce Substantial Benefit fo r the Next 54 years

The energy transfer benefits of the line are derived from substituting more gas-fired 
electricity from Anchorage for oil-fired electricity in Fairbanks, and from incurring less 
transmission losses on those substitutions. These substitutions are assumed to occur over the 50 
year life of the intertie (1994 - 2043). Any one of at least three events could dramatically reduce 
the benefits of such substitutions:

• A gas pipeline from the North Slope through Fairbanks could supply natural gas directly 
to Fairbanks generators, avoiding the need for the intertie.

• A gas pipeline from Anchorage to Fairbanks would also avoid the need for the intertie. 
The Aiaska Energy Authority analysis of the intertie projects also looked at the costs and 
benefits of an Anchorage-Fairbanks gas pipeline. The analysis found the benefits of the 
pipeline to substantially exceed the costs.

• A decrease or elimination of the price advantage of Cook Inlet natural gas over Fairbanks 
oil will reduce the benefits of the intertie. The ICF-Lewin Energy Group analyzed fuel 
prices in the Railbelt as part of the AEA Intertie Recon analysis. They concluded that 
depletion of Cook Inlet gas reserves would force Cook Inlet gas prices up near the year 
2015, less than half way through the life of the Healy-Fairbanks line. This projection 
was not incorporated in the fuel price forecasts used in the 138 kV analysis. Doing so 
would lower the benefits of the line by roughly S 10 million.

Analysis A ssum es 20 MW FM US Coal P lant w ill N ot Run in Low Fuel Price Scenario

In determining the benefits of reducing the North Pole operating constraint, it was 
assumed that after the intertie is fully loaded, the North Pole oil units would be turned on next. 
A pan-load efficiency analysis shows tha; turning on the Chena 20 MW coal plant is less costly 
than running the North Pole units. Changing this assumption would reduce the North Pole 
benefits of the Healy-Fairbanks intertie by approximately $3 million.

C apacity Sharing A nalysis Based on High Increase in T ransfer Capacity

The 138 kV analysis assumes that the Healy-Fairbanks intertie increases the emergency 
transfer capability over the \F 100  by about 26 MW after losses, in both the Anchorage to 
Fairbanks direction and in the Fairbanks to Anchorage direction. The technical consultant for 
the intertie projects. Power Technologies Inc., claims that the increased emergency transfer level

6"Fuel Price Outlook for The Alaska Railbelt Region: Oil and Natural Gas", performed by 
the ICF-Lewin Energy Group for the Alaska Energy Authority, June 1988.
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is about 16 MW from Anchorage to Fairbanks7 and 10 MW from Fairbanks to Anchorage . 8 
Using PTI's figures will substantially lower the incremental capacity transfer benefits of the 
Healy-Fairbanks line. Also, the effective capacity provided by the intertie was valued at the cost 
of new capacity, ignoring relatively cheap life extension options.

R eliability Benefits are  Based on H igh C ustom er O utage C osts

The reliability benefits of the line are determined by estimating the number of power 
outages avoided by the line and assigning a value to the avoidance of those outages. The cost 
of the outages was determined from an unrealistic interpretation of a survey performed by 
Ontario Hydro. This is discussed in more detail in section 2.7.2.

7"Secure and Emergency Transfers from Anchorage to Fairbanks", Power Technologies Inc., 
October 31, 1989.

Personal Communication with Harrison Clark, Power Technologies Inc., January 29, 1990.
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2 .  K e n a i - A n c h o r a g e  I n t e r t i e

2.1 C o m p a r i s o n  With A E A  2 3 0  k V  Study

Table 2 - Comparison of Kenai-Anchorage Intertie Analyses. For both the AEA 230 kV 
analysis and the Utility 138 kV analysis, the Low and high benefit estimates are averaged.

K e n a i - A n c h o r a g e  I n t e r t i e  A n a l y s e s

C o s t s  a n d  B e n e f i t s  a r e  P r e s e n t  V a l u e ,  M i l l i o n s  o f  1 9 9 0  $

B e n e f i t / C o s t A E A U t i l i t y

1 3 8  k V  

4  M e t h o d

C a t e g o r y 2 3 0  k V 1 3 8  k V E r r o r s

A n a l y s i s A n a l y s i s C o r r e c t e d

IN T E R T IE  C O ST  

E nstar Route
w /o  Subm arine Replacem ent $1 1 3 $74 $ 7 4 1
w/  Subm arine Replacem ent N A $86 5 8 6 1

T esoro  Route
w /o  Subm arine R eplacem ent $1 3 7 N A N A
w / Subm arine Replacm ent N A N A N A

B E N E F IT  C A T E G O R IE S  

Energy T ransfer Benefits
H vdro-Therm al C oordination S14.3 $37.5 $ 9.1
O ther Econom y Energy S 4 .8 $ 5 .9 S 5 .9 2

O perating Reserve Benefits S 0 .8 S 8.9 $ 3.6
Capacity Sharing Benefits $11 .8 $24.4 524.4 :
Stability Cost Savings S 3.1 $ 0 .0 $ 0 .0
M aintenance C ost Savings S 0 .0 $ 5 .0 $ 5.0-
Reliability Benefits3 $ 15.5 541.0 $17.0

T O T A L  B E N E F IT S $ 5 1 $123 $ 6 5

N O T E S :

1 - The cost estim ates w ere not reveiwed in this report.

: - Leaving these benefit estim ates unchanged does not constitute endorsem ent. Substantial concerns about the 
assum ptions and m ethods used to produce the estim ates are discussed in the text, but are not quantified. This 
colum n only shows the change in benefit estim ates derived from  correcting 4 m ajor m ethod errors in the analysis.

5 - Reliability benefits w ill not be reflected in electric rates. These are costs and inconveniences avoided by reducing 
the num ber and ex ten t of custom er power outages.

7
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Table 2 compares the results from the Railbelt Utility 138 kV Kenai-Anchorage analysis 
with the 230 kV Kenai-Anchorage analysis prepared for the Alaska Energy Authority. Also 
included in the table is the utility benefit estimate for the 138 kV Kenai-Anchorage line adjusted 
for the 4 major method errors described in the Executive Summary. None of the unquantified 
disputes discussed in the rest of the report are factored into this benefit estimate. All benefits 
and costs are expressed in 1990 dollars (the AEA 230 kV study used 1987 dollars-these were 
converted).

Gross Benefits fo r the 138 kV A nalysis Exceed the G ross Benefits for the 230 kV 
A nalysis, Indicating C hanged Assum ptions

If a consistent analysis of both a 230 kV intertie and a 138 kV alternative were done, the 
230 kV intertie would show more gross benefits (before subtracting costs). This is because the 
230 kV intertie has higher transfer capacity, lower losses, and equal reliability—the three 
parameters that are important in assessing the benefits of an intertie. The fact that Table 1 shows 
that the 138 kV  option has larger benefits than the 230 kV option indicates that the two analyses 
were not consistent. The assumptions used in the 138 kV study were more favorable to the 
construction of a new intertie.

Some of the assumptions that were changed between the Kenai-Anchorage 230 kV 
analysis and the 138 kV analysis were:

General Assum ptions

• When averaging the benefits across the different fuel price and load forecast scenarios, 
all scenarios were weighted equally in the 138 kV analysis. In the 230 kV analysis, 
certain scenarios had more weight than others. Most significantly, the fuel price 
probabilities in the 230 kV study were Low - 60%, Mid - 30%, High - 10%. Re­
weighting the cases caused the benefits of the 138 kV Kenai-Anchorage analysis to 
increase ( — S7 million), while Healy-Fairbanks intertie benefits were approximately 
unchanged.

• In the 138 kV analysis, any changes in gas royalty payments to the state were counted
as costs or benefits in the analysis. If a project causes gas use to increase, an increased 
gas royalty benefit is attributed to the project. The opposite holds for a gas decrease. 
This change decreased the benefits of the Kenai-Anchorage line ( - $ 4 .5  million), since 
the line decreases gas use, and increased the benefits of the Healy Fairbanks line
(incremental benefits +  $3.2 million), since it increases gas use.

• The lifetime of the new Kenai-Anchorage intertie was assumed to be 35 years in the 230
kV analysis and 40 years in the 138 kV analysis. This increases the present value 
benefits of intertie since benefits are added up over a longer time period. Because of 
ongoing operation and maintenance costs, present value costs are also increased, but not 
enough to cancel the benefit increase.

8
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In the 230 kV analysis, the existing Kenai-Anchorage intertie was assumed to be 
unavailable for transfers for two weeks per year. In the 138 kV analysis, the existing 
intertie was assumed to be unavailable for transfer for approximately 3 months per year 
during a 13 year rebuilding period, and I month per year thereafter. This assumption 
increases the benefits of a new intertie because the new intertie captures the benefits lost 
by the existing intertie during these periods of unavailability.

In the 138 kV analysis, two cases with different assumptions about the transfer capacity 
of the existing intertie were analyzed: Case 1 - 70 MW Input / 61 MW Output, and Case 
2 - 90 MW Input / 75 MW Output. In the 230 kV analysis, only Case I was analyzed. 
The addition of the second case in the 138 kV analysis reduced the benefits of the new 
Kenai-Anchorage line.

Intertie Costs

• Because the 138 kV interties will be built at a lower voltage, the capital cost will be less 
than the 230 kV alternatives. The costs were re-estimated by the same firms that 
provided the 230 kV estimates for the AEA study.

• In the 138 kV analysis, no cost estimates were provided for the more expensive Tesoro 
route, which must be used if the intertie is not granted a right-of-way along the Enstar 
natural gas pipeline through the Kenai Moose Range.

» The 138 kV analysis presented a cost estimate that involved replacement of the Tumagain
Arm submarine cable after 20 years. This sensitivity case was not presented in the 230 
kV study.

» The maintenance cost estimates for the Kenai-Anchorage line were decreased in the 138
kV study. In the 230 kV study, maintenance costs were assumed to be 1.5% of capital 
cost per year for the entire line. In the 138 kV study, the maintenance cost of the aerial 
portion of the line was dropped to 0.5% of capital cost per year. The maintenance of the 
submarine cable under Tumagain Arm was assumed to still have a 1.5%/year mainte­
nance cost.

New or D eleted B enefit C ategories

• In the 138 kV study, it was assumed that the existence of a new intertie would ah.ow 
Chugach to defer maintenance on the existing intertie. The deferra. was assumed to 
provide a $5 million present value benefit. This benefit was not attributed to the new 
intertie in the 230 kV study.

• In the 230 kV analysis, the new KA intertie was assumed to reduce the capital cost of the 
stability system for Bradley Lake by approximately S3.1 million. Since the stability 
system is now designed for use with the existing intertie, the stability system is

9
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considered a sunk cost. Thus, in the 138 kV analysis, no benefit was attributed to the 
new intertie for reduced stability system cost.

Energy T ransfer Benefits

• In the 138 kV study, the hydro-thermal coordination benefit calculation was performed 
in more detail. The new calculation method produced a dramatically higher benefit 
estimate (+  S23 million) than determined in the 230 kV analysis. However, we show 
later in the report that an arithmetic error was the source of much of the increase.

O perating Reserve (Spin) Benefits

• In the 230 kV analysis. Bradley Lake was assumed to provide the same amount of 
operating reserve (30 MW) both with and without a new intertie. In the 138 kV analysis, 
it was assumed that Bradley could be relied on for more spin if a new intertie were 
present (50 MW vs. 30 MW). Thus, the benefits of the new intertie were increased.

• The cost of providing spin from thermal generation units was assumed to be higher in the 
138 kV analysis than in the. 230 kV analysis. This increased the operating reserve 
benefits of the new intertie.

Capacity Sharing Benefits

• In the 230 kV analysis, the capacity sharing benefits of the Kenai-Anchorage line were 
related to its ability to tap excess capacity on the Kenai peninsula for emergency use in 
Anchorage. In the 138 kV analysis, this same benefit was addressed, but it was also 
assumed that the new intertie would allow the reduction of the required capacity reserve 
margin in the Kenai and Anchorage load centers. This assumption increased the benefits 
of the new intertie.

R eliability  Benefits

• The assumption concerning the costs suffered by customers due to power outages was 
increased substantially from the 230 kV analysis to the 138 kV analysis. The Ontario 
Hydro survey that supplied the estimate for commercial customers was interpreted in a 
new way that caused the costs to more than double. New surveys were examined to 
determine a new cost for residential outages. The surveys relied upon gave estimates 
more than double those used in the 230 kV analysis.

We discuss some of these changes in the following sections.

10
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2.2 Costs , Intertie Availability

We were unable to review the capital or operating cost estimates provided for the 138 kV 
intertie. although we believe that they do deserve independent scrutiny. In the process of review, 
it should be determined whether interest during construction was included in the cost estimate, 
because the DFI analysis did not adjust the costs for this factor. Also, the question of whether 
the Tumagain Arm submarine cable will need to be replaced is a critical issue. Is there sufficient 
evidence indicating that a new submarine cable in Tumagain Arm will last more than the 15 year 
life experienced by Cook Inlet submarine cables?

The Existing In tertie is Assumed to be Unavailable for Transfers for Substantial Periods 
of the Year

DFI made the assumption in this analysis that the existing intertie will be unavailable for 
transfers for 99 days per year (3 + months) for the period 1994-2007 because of rebuilding, and 
28 days per year for the years thereafter [page B-2, 138 kV Study]. This assumption comes 
directly from Chugach Electric, and should be reviewed by someone with expertise in utility 
construction. One version of the assumption appeared first in the final two months of the AEA 
Recon study. Chugach stated that existing intertie would be unavailable due to maintenance for 
2 months every year from 1994 through 2004. From 2005 on, the intertie would be unavailable 
for one month per year. DFI did a quick analysis to see what the effects of the assumption 
would be. but did not include the impacts in the formal benefit estimate for the new line. The 
unavailability asssumptio was included in the 138 kV analysis, and the two month per year figure 
was increased to over three months per year.

We question whether it is optimal to extend the rebuilding of the existing intertie over 
such a long period of time. We also question why the fully rebuilt intertie will continue to 
experience one month per year of unavailability. The current unavailability of the existing 
intertie is not that long. Assuming a high level of unavailability increases the estimated benefits 
of a new intertie.

2.3 E n e r g y  Transfer Benefits

The Energy Transfer benefits of the KA intertie are cost savings that arise when it is 
cheaper to import electric energy than to produce it locally. The DFI analysis identifies two 
types of transfers which can effect such savings.

One type of transfer allows more efficient generation in one area to displace less efficient 
generation in another (there are no assumed natural gas price differences between the Kenai and 
Anchorage areas). The Over-Under production cost model was used to identify the savings 
attributable to a new intertie because of additional transfers and a reduction in transmission losses 
associated with the transfers. DFI concludes that the present value of this type of energy transfer 
benefit is about S6 million. The cost saving transfers that occur are almost entirely due to a flow
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of energy from Anchorage to Kenai. despite the existence of Bradley Lake on the Kenai 
Peninsula. The annual energy requirement in Kenai exceeds the hydro energy available. The 
modeling found that the optimal use of the hydro energy was in serving the local Kenai load. 
The model also found that serving the Kenai load in excess of the available hydro energy was 
most efficiently done by sending energy south over an intertie from Anchorage to Kenai.

The second type of transfer, called hydro-thermal coordination, essentially allows thermal 
generators to be run at higher average loading levels where they perform more efficiently. This 
opportunity arises from the fact that the Bradley Lake hydro project presumably can supply 
energy with equal efficiency over its full range of output, while a thermal generation unit (e.g. 
combustion turbine) requires substantially more fuel to produce kWh at low loadings than it does 
to produce kWh at high loadings. Hydro-thermal coordination involves transferring energy back 
and forth between the Anchorage and Kenai areas in a way that eliminates the excessive part- 
loading of thermal generation units in Anchorage (some part-loading, i.e. operating reserve, is 
required for reliability protection). The load served by means of such transfers is said to be 
reshaped. The scheme requires an intertie because there is very little thermal generation that 
occurs on the Kenai Peninsula. The coordination scheme suggested also involves no net increase 
in the amount of generation that occurs in the Kenai area. All exports of energy from Kenai for 
the purpose of hydro-thermal coordination are balanced by an equivalent pay-back of energy at 
another time from the Anchorage thermal units.

2.3.1 Quantified Errors

C om putation e rro r overstates hydro-therm al gas savings by $25 m illion

A computation error overstates the benefits of hydro-thermal coordination by S24.7 
million. DFI has agreed that there is an error (Review meeting, 1/30/90). The error does not 
arise from the method or input assumptions used in the calculation; rather, the final result simply 
does not agree with the described method and input assumptions. DFI states that with a new 
intertie. 356 MBtu of gas savings will occur per hour of reshaping (p. A-8 , 138 kV). The 
comparable figure stated for the existing intertie is 126 MBtu/hour. When the calculation is 
performed correctly, the results are 132 MBtu/hour for the new intertie and 55 MBtu/hour for 
the existing, under the Case 1 scenario. (We only performed the calculation for Case 1. the case 
that produces the maximum benefits for the new intertie.) The corrected calculation is presented 
in Appendix A.

To adjust the hydro-thermal benefits for this computation error, we multiply the DFI 
hydro-thermal benefit estimate by the ratio of the correct gas savings to the erroneous gas 
savings. Since reshaping is assumed to occur for 4,000 hours/year with the new intertie and
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3.500 hours/year with the existing intertie. the corrected hydro-thermal benefit estimate is:

Correct'd Estimate - $37 .5  * ± 3 2  MBtu/hr x 4,000 hours -  55 MBtu/hr x 3 .5 0 0  hours
3 5 6  MBtu/hr * 4 ,0 0 0  hours -  126 MBtu/hr * 3 ,5 0 0  hours

Corrected Estimate - S I 2 .8  million

Method erro r overstates hydro-therm al savings by additional 53 .7  million

An oversimplification in the hydro-thermal calculation method further overstates the 
coordination benefits by S3.7 million. DFI does not dispute the existence of the oversimplifica­
tion (Review meeting. 1/30/90). although they have not provided their numeric correction. The 
reshaping savings per kWh reshaped for a thermal unit at any particular loading level L are:

AL - (M x R), where

Al is the average heat rate of the unit at loading level L,
M is the incremental heat rate of the unit measured from loading level L to 100%

loading,
R is the reshaping energy requirement as defined by DFI on page A-6  of the 138 kV

study.

In performing the calculation. DFI assumed that the average heat rate of the thermal unit is 
constant and equal to the average heat rate at 50% load. P u s  assumption is highly inaccurate. 
The average heat rate varies substantially across loadings, rising rapidly at low loading levels. 
Thus, at low loadings production of energy is very inefficient and reshaping savings per kWh 
are correspondingly large. At high loadings the generator runs efficiently and savings available 
from reshaping are correspondingly small.

The assumption of a constant average heat rate discounts the benefits of reshaping at low 
loading levels, where the existing intertie performs nearly as well as the new intertie. The 
constant heat rate assumption inflates the benefits of reshaping at higher loading levels, levels 
where the new intertie shows its reshaping advantage. Therefore, by assuming a constant heat 
rate across loading levels. DFI overstates the benefits from the new intertie.

We quantified the magnitude of the overstatement by performing the hydro-thermal 
calculation allowing the heat rate to realistically vary across loading levels. No additional inputs 
beyond the DFI inputs were needed for the calculation. We used the same turbine characteristics 
and fractions of the year that each turbine was marginal. We used an assumption of constant 
incremental heat rates (as DFI implicitly did) to determine average heat rates at various loading 
levels. The calculation is presented in Appendix B.

The correct calculation shows that the average reshaping savings for the new intertie are 
107 MBtu/hour, and the reshaping savings for the existing intertie are 54 MBtu/hour. The 
following procedure adjusts the original DFI hydro-thermal benefit estimate result to one that has 
no arithmetic error and incorporates the varying average heat rate assumption:
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DFI Estimate -  $ 3 7 .5  million

Corrected Estimate -  $ 3 7 .5  » 107 MBtu/hr x 4 .0 0 0  hours -  54  MBtu!hr x 3 .5 0 0  hours
3 5 6  MBtu/hr x  4 ,0 0 0  hours -  126 MBtu/hr x 3 ,5 0 0  hours

Corrected Estimate -  $9 .1  million

Summ ary o f quantified  hydro-therm al erro rs

The net result of these two corrections is that the hydro-thermal benefits of the new intertie as 
stated by DFI are reduced by S28.4 million, from a present value of $37.5 million to $9.1 
million.

2.3.2 Unquantified Disputes

The Energy T ransfer Benefits of the New In tertie  A ssum es an Optim al D ispatch Regim e, 
W hich Does Not Exist

Both the economy energy benefits calculated through the Over-Under modeling process 
and the hydro-thermal coordination benefits require coordinated and optimal dispatch across the 
Railbelt utilities with generation resources. It is clear that this dispatch system is not currently 
in place. DFI has claimed that there is $3 - $ 6  million per year of inefficiency in the current 
system due to suboptimal dispatch ($50 - $100 million, present value). If the system is never 
developed, a substantial portion of these benefits will not materialize. The benefits in the DFI 
analysis were not reduced to account for the probability that optimal coordination and dispatch 
may not occur.

H ydro-Therm al C oordination using Eklutna Lake is N ot C onsidered

DFI did not address the potential to perform some hydro-thermal reshaping with the 30 
MW Eklutna plant located in the Anchorage area. If reshaping is possible with this plant, a 
larger fraction of the ultimate reshaping potential could be obtained with the existing intertie 
combined with Eklutna, thus reducing the benefits of the new intertie.

Suboptim al C oordination  Plan Inflates In tertie  Benefits

We also believe that the hydro-thermal coordination regime modeled by DFI is a sub­
optimal one. A simplified example of DFI’s hydro-thermal scheme is graphically depicted in 
the top pan of Figure 2. The figure is meant to show the simplified operating regime of one 
particular Anchorage thermal unit. Absent hydro-thermal coordination, the unit would turn on 
at time tl  and its loading would increase to follow the load until it reached maximum loading 
at time 12. It would remain at maximum loading until time t3 when it once again becomes the
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marginal unit. Its output decreases until it 
turns off at time t4.

With the type of hydro-thermal coordi­
nation modeled by DFI. turning on the ther­
mal unit is delayed until time t2. Between tl 
and 12. Kenai hydro energy is imported over 
the intertie to meet the (Load + Spin) re­
quirements in Anchorage. The thermal unit 
is started at t2  when it can be fully loaded, 
and imports are ceased. At time t3. when the 
thermal unit would normally start unloading, 
its output is maintained at full load. The 
power in excess of Anchorage (Load + Spin) 
requirements is exported back to Kenai to 
reimburse for the previous imports.

An alternative hydro-thermal coordina­
tion regime is shown in the lower half of 
Figure 1. This method achieves the same 
objective as the DFI regime: it allows all 
energy produced by the thermal unit to be produced while operating at full load. However, the 
alternative method requires less energy transfer over the intertie, and it reduces the peak demand 
on the intertie for the purposes of reshaping. In doing so, it reduces transmission losses relative 
to the DFI method, and it reduces the periods when the reshaping requirements exceed the 
capacity of the intertie.

The alternative method involves importing Kenai energy when the thermal unit would 
otherwise be at low loadings and paying that energy back when the thermal unit would otherwise 
be at high loadings ("otherwise" meaning absent hydro-thermal coordination). The figure shows 
the Kenai import and thermal payback periods for this type of hydro-thermal regime applied to 
the simple example.

Had this regime been modeled when calculating the increased hydro-thermal benefits of 
the new intertie, the new intertie’s benefits would have been less. With such a regime, the 
capacity constraint of the existing intertie would rarely be a problem. Further, the higher losses 
of the existing intertie would be less of a problem, since the average transfer required to perform 
the reshaping is less with this regime.

2.4 Operating Reserve (Spin) C o s t  Savings

Opetating Reserve, or spin, is the amount of additional generating capacity which is 
instantly available to meet an increase in load. Spin fror the Bradley Lake Hydroelectric project 
is essentially free, but spin from thermal units is costly. To create spin using a thermal unit, a
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fixed amount of gas must be burned per hour to turn the turbine even when no electricity is 
produced. As the loading on the turbine increases, this hourly "friction overhead" cost can be 
spread over more and more kWh produced, reducing the average fuel cost per kWh. Often, 
however, several units must be deliberately kept on at relatively low loading levels in order to 
provide spinning reserve. The cost of spin. then, is the difference between the low cost of 
providing energy alone from a few highly loaded turbines and the higher cost of providing 
energy plus spin from more turbines operating at lower loads. One can also think of the cost of 
spin as the cost of the extra "friction overhead" introduced by having more turbines spinning 
without any more kWh over which to spread these fixed costs.

The KA intertie allows the free spin from Bradley Lake to be available to the Anchorage load 
center. Economic benefit results from the substitution of this free spin for costly spin from 
Anchorage thermal units. DFI found that the present value of this benefit (after avesaging across 
cases) is $8.9 million.

2.4.1 Quantified Errors

The Cost of Spin is C alculated Incorrectly

To calculate the benefits of using more free spin from Bradley Lake, one must estimate 
how much spin substitution can occur and how costly is the thermal spin displaced. We first 
dispute the derivation of the cost of the displaced spin from thermal units. We argue that the 
calculation method is wrong, not the input assumptions. We present the argument by first 
deriving a general formula for the cost of spin. We show how this formula produces the right 
answer when applied to a simple example presented by DFI in a report for the Railbelt utilities. 
We then discuss why D FI’s formula for the cost of spin is wrong and verify that it produces the 
wrong answer when applied to the same simple example. Finally, we apply our formula to heat 
rate data for Railbelt thermal generation units to estimate the correct cost of spin and adjust 
accordingly the spinning reserve benefits that DFI attributes to a new Kenai-Anchorage intertie.

The C ost of Spin: a Sim ple Exam ple

The principles behind the calculation of the cost of spin are best introduced by means of 
the following simple example, which is reproduced from page 6  of the DFI report "Value of 
Bradley Lake Spinning Reserves" (October 6 , 1989), prepared for the Railbelt Utilities. This 
example prefaced their actual analysis of the cost of spin in the Railbelt. Suppose a system of 
five 100 MW thermal generators is running such that:

Total capacity of operating turbines: 500 MW
Total load on system: - 4$} MW
Available operating reserve (spin): 100 MW

Number of operating turbines: 5
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Loading level (L) of each turbine: 80%. i.e. 80 MW
Average Heat Rete at L =  80% : 12.000 Btu/kWh
Incremental Heat Rate from 80% to 100%: 2,000 Btu/lcWh
(this is the incremental rate implied by D Fl’s example but is very low for actual
generation units)

Now suppose that 100 M W of free spin becomes available from a hydro unit. It is now possible 
to shut down one unit completely and still serve the 400 MW load by running the four remaining 
units at full load. The cost savings from this rearrangement are easily calculated:

Gas saved by shutting  dow n one unit:
Gas used by additional loading on rem aining 4 units:
N et gas savings from  elim inanng 100 M W  therm al spin: 
Net gas savings per unit o f spin elim inated:

80 M W  * ,1b  B tu/M W h =  960 M B tu/hr 
4 * 20 M W  * 2 M B tu/M W h = 160 M B tu/hr 
960 M B tu/hr - 160 M B tu/hr =  800 M B tu/hr 
(800 M B tu/hr)/( 100 M W ) =  8 M Btu/M W h =  8.000 
Btu/lcWh

The cost savings from reducing the spin in this example is amount of fuel savings that 
occurs by rearrar.ging the system as described (800 MBtu/hr), divided by the spin reduction. 100 
MW. The answer above. 8.000 Btu/kWh-spin, the same answer arrived at by DFI in their 
Bradley Lake spinning reserve report.

A G eneral Expression for the C ost of Spin

Using this simple example as a pattern, it is possible to derive a general expression for 
the cost of spin. Define the following variables (values in parentheses are from the example 
above):

L =  The loading level in %  of the generation unit turned off to reduce spin (0.8).

U  =  The size of generation unit being turned off to reduce spin (100,000 kW).

A l =  The average heat rare of the unit being turned off, for loading level L (12,000 

Bru/kWh).

M  =  The incremental heat rate of the units that pick-up the generation loss caused by 

shutting off the unit (2,000 Bru/kWh).

The amount of reduced spin in the system is U. The load on the system remains constant while 
U kW of generation is turned off. Therefore, the reduction in spin must be U.

(I) Reduced Spin =  U

The change in gas use can be thought of as consisting of two components. First, shutting the
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unit off causes a reduction in gas use of:

(2) Reduced gas use because of shutting unit off =  U  x  L  x  a l 

However, the remaining units must make up for the lost generation:

<3) Increase in gas use because of loading up remaining units =  U  x  L x  M  

The net decrease in gas use is found by subtracting (3) from (2):

(4) Net Decrease in Gas Use =  U  x L x AL - U  x L  x  M =  U  x  L x (Al - M) 

The net gas decrease per unit of spin is derived by dividing (4) by (1):

(5) Gas Decrease per Unit of Spin Reduced (Btu/kWh-spin) =  L x  (AL - M)

We can further verify the formula by applying it directly to the DFI example presented 
above. The turbine being shut-off is 80% loaded, and its heat rate at 80% loading is 12,000 
Btu/kWh. The incremental heat rate of the rest of turbines that make-up for the lost generation 
is 2.000 Btu/kWh (this is the incremental heat rate implied by the figures in the example but is 
very low for real-world generation units). Applying our formula for the cost of spin:

Cost of Spin =  0.80 x (12.000 Bru/kWh - 2,000 Btu/kWh)

Cost of Spin =  8,000 Btu/kWh-spin

This formula for the cost of spin gives the correct answer in the example.

Why D FI’s form ula fo r the Cost of Spin is Incorrect

After completing the simple numeric example in the Bradley Lake spinning reserve report. 
DFI states on page 7 that cost of spinning reserves is:

P
Cost of Spin -  (Al - M)  x

P M A X  - P  

where,

P  -  Power Output of Unit 
P M A X  - Unit Size
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To express this formula using the variable names above, note that P =  U x  L and PMAX =
U:

Cost of Spin - (Al -  A/) x Y~~L

DFI does not apply this formula to their introductory example in the report. When it is applied 
to the example, it produces the incorrect answer of 40.000 Btu/kWh-spin. not the correct answer 
of 8.000 Btu/kWh-spin:

Cost of Spin - (12.000 Btu/lcWh - 2,000Btu/kWh) x ■ 0-3 - 40,000 Btu/kWh-spin
1 - 0.8

This formula also produces impossible results when turbines near full loading are 
analyzed. As L approaches 1. the cost of spin approaches infinity, according to this formula. 
This is clearly not correct.

DFI claimed at the 1/30/90 Review Meeting that they actually performed their analysis
of the cost of spin in the Railbelt with a different, somewhat more general formula. We now
show that the derivation of this formula is also incorrect. Also, the more general expression
when applied to short period of time produces the (AL - M)  x U(l-L) formula, which we have
alreadv shown to be incorrect.*

DFI’s more general expression is:

Fuel Use - X x (Energy kWh) + p x (Spin kWh) 

where,

X -  Cost of Energy, Bru/kWh 
p -  Cost of Spin, Btu/kWh-spin

This expression is a simple statement that the total fuel cost during a particular period of time 
equals the cost of energy times the amount of energy generated plus the cost of spin times the 
amount of spin generated over that time period. The expression does not allow one to calculate 
the cost of spin over the time period unless some assumption is made for X , the cost of energy.

In DFI’s empirical analysis of the Railbelt generation system, the assumption was made that A. 
is the incremental heat rate of the generation system, i.e. X =  M. This is the error in the 
derivation. Assuming that all energy is produced at the system incremental heat rate is incorrect. 
In order to get any energy at all from the system, a turbine must be turned on. and the fixed 
frictional loss of a spinning turbine must be incurred. The cheapest that energy can come out
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of the system is by fully loading turbines and spreading the frictional loss over the largest amount 
of kWh.

The assumption that the cost of energy equals the system incremental heat rate is 
equivalent to assigning a ll the fixed frictional loss in the system to the production of spin, and 
none to the production of energy. It is clear why this formula has problems when attempting 
to determine the cost of spin for turbines near full load. As a turbine approaches full load, the 
amount of spin decreases towards zero. D F I’s formula still assigns all o f the fixed frictional loss 
of the turbine to the cost of this spin. The cost per unit of spin becomes infinite as the turbine 
approaches full load because the divisor, the amount of spin, approaches zero.

We now show that DFI’s more general expression produces the formula (AL - M ) x L / ( l -  
L ) when applied to a short period of time. We apply the expression to a turbine whose loading 
characteristics do not change over a one hour time period. Using our previous variables, the 
amount fuel used over that one hour period is U x L  x AL. The amount of energy produced
is U x L . and the amount of spin produced is U x (1 - L ). Once again. DFI's assumption in
the Railbelt analysis is that A, =  M . Making these substitutions gives the equation:

U  x L  x A l  - M  x  U  x L  + \ i  x  U  x  ( I  -  L )

which simplifies to:

p -  (AL -  M) * — - —  -  Cost o f  Spin
1 Id

We have already shown that this formula produces an incorrect answer when applied to a simple 
numeric example and produces an impossible answer when applied to turbines near full load.

Applying the Correct Formula to the Railbelt Data

We now apply our formula for the cost of spin, L x  (AL - M ), to heat rate data of 
Anchorage/Kenai thermal units to estimate an average cost of spin. Table 3 summarizes the 
calculation. The units are arranged in their dispatch order, according to data provided by DFI 
in Appendix F of the AEA Recon report. We do not analyze units beyond the Beluga C T  ft 1 
unit, because the (load +  spin) that can be served by the analyzed set of units is approximately 
550 M W . This capability combined with the Railbelt Hydro capacity will serve the bulk of the 
load through the analysis period, if optimal economic dispatch occurs.

When determining the cost of spin for a particular unit, it is necessary to make an 
assumption about that unit’s loading and make an assumption about the incremental heat rate of 
the rest of the system. We test two different assumptions about the unit loading, 50%  and 75%  
(our heat rate data source did not have heat rates at 25%  load). The results are not very sensitive 
to this assumption. For the system incremental heat rate, we use the 50-75%  incremental heat
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Table 3 - Cost of Spin for Kenai/Anchorage Thermal Generation Units

Increm Spin Spin
Size 50% 75% 100% HR Cost Cost

Unit MW HR HR HR 50-75% 50% Ld 75% Ld

Be.1. CC #78 101 10,981 9,831 9,391 7,531 Never Marginal
Bei CC #68 101 10,981 9,831 9,391 7,531 Never Marginal
AMLP CC #76 109 10,017 9,018 8,628 7,020 1,243 1,115
Bel CT #5 67 15,012 13,448 12,963 10,320 3,996 4,821
Bel CT #3 50 14,822 13 ,228 12,800 10,039 2,251 2,181
Bern CT #3 27 15,284 14,082 13,700 11,678 2,623 3,032
Bern CT #4 27 15,284 14,082 13 ,700 11,678 1,803 1,803
AMLP CC #56 48 13,802 11,500 10,365 6,896 1,062 (134)
Bel CT #1 16 17,119 15,602 15,314 12,568 5,112 6,530

2,584 2,764

Btu/kWh-spin

NOTES: Heat rate data from "Railbelt In tertie Proposal Prelininary Econonic Assessment", Harch 1987, 
Alaska Power Authority, and from "Explanation and Support for Avoided Cost Tariff Proposed by HLSP", HIP, 
1989. Data fron APA report for Beluga CT (3 was scaled up to natch the DFI assumption of a 12,800 Btu/kWh 
full-load heat rate for the unit. Ihe anomalous res’i l t s  for the Cost of Spir, for the AMLP units are due 
to the fact that they are placed in the dispatch order according to their heat rate times their fuel 
cost/kWh plus variable O&H. Since AHLP pays a higher price for natural gas, they are placed behind less 
e ffic ien t Chugach units. For th is societal resource cost analysis, there is  no difference in cost between 
.AMLP and Chugach gas; thus, i t  is  ju s tif ie d  to consider the cost of spin in terms of Btus/kWh-spin, 
without regard to fuel price.

rate of the unit one prior in the dispatch order. In an optimally dispatched system, it is likely 
that this unit will be the unit that picks up the lost generation caused by shutting off the final unit 
(units prior to this one are likely to have lower incremental heat rates, anr1 therefore will 
operating at or near full load).

Adjusting D F I ’ s Result to A rrive at the Correct Operating Reserve Benefit for a New 
Intertie

The average cost of spin for die units shown is 2 ,600 Btu/kWh-spin with the 50% loading 
assumption, and 2 ,800  Btu/kWh-spin for the 75% loading assumption. For our adjustment of 
the DFI spinning reserve benefit result, we choose the higher f the two estimates, favoring the 
new intertie. The average of the Case 1 and Case 2 operating reserve benefit as calculated by 
DFI is S8 .9 million. DFI based this calculation on a cost of operating reserves of 7 ,000
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Btu/kWh-spin (increased from 5 .000  Btu/kWh-spin in the AEA Reccn report). The following 
expression adjusts the DFI result to correspond to our estimate of the cost of operating reserves 
of 2 ,800  Btu/kWh-spin:

Corrected Operating Reserve Benefit -  $8.9 million x ^,800 Btu/kWh-spin
7,000 Btu/kWh-spin

Corrected Operating Reserve Benefit -  $3.6 million

This adjustment lowers the present value operating reserve benefits of the new Kenai-Anchorage 
intertie by S5.3 million.

2 .4 .2  Unquantified Disputes

Case I Results use T o o  Low  o f a Transfer Capacity for the Existing Intertie

DFI analyzes two cases when calculating operating reserve benefits. Case 1 assumes that 
the transfer capacity of the existing intertie for the purposes of operating reserves access is 70 
MW  input and 61 M W  output. Case 2 assumes 90 M W  input and 75 M W  output. In the Case 
1 analysis, the operating reserve benefit of the new intertie is $10 .6  million, and the result for 
Case 2 is S7.1 million.

Sharing operating reserves only involves transferring energy over the intertie during 
periods of emergencies when the operating reserves are called on. There are no routine transfers 
of energy associated with sharing operating reserves. Therefore, the most accurate transfer rating 
of the intertie to use in the calculation is the emergency transfer limit, not the secure transfer 
limit. The Kenai-Anchorage intertie question is simplified, however, because the Alaska Energy 
Authority technical consultant states that emergency and the secure transfer limit for the existing 
line will be 90 tv'W input, 75 M W  output after the planned line compensation is installed ["Kenai 
Export Limits With and Without a New Line, With and Without Additional Compensation", 
Power Technologies Inc., November 30 , 1989, page 5 ], We see little justification for 
incorporating the Case 1 results (70 M W  input, 61 MW  output) intc the expected benefit 
calculation of the new line.

There has been some dispute concerning PT I’s calculation of the secure export limit of 
the existing Kenai-Anchorage line. This calculation is complex because it involves simulating 
the response of the system to various faults (short-circuits) occurring on the system of 
transmission lines. A transfer iimit is considered secure if the system can "survive" after such 
faults.

The emergency transfer limit, however, is a much more straight-forward calculation. 
Simulation of faults is not involved, because the probability of a fault occurring during a period 
when a transmission line is being relied on for emergency purposes is very low. In the case of
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sharing operating reserves, the line will only transfer energy for a few dozen hours per year 
(number of events requiring operating reserves x time required to start a new unit to restore 
operating reserves). The probability of a line fault occurring during those few hours is 
exceptionally low.

The emergency transfer limit calculation is a steady-state calculation. The transfer limit 
of the line is reached when voltages along the line drop too low. or phase relationships become 
unstable. PTI says that this calculation is quite accurate. They state that the fact that the 
existing intertie was able to deliver 70 MW  to Anchorage before going unstable during the 
December 11, 1989 outage indicates that the existing intertie should be easily able to deliver 75 
MW  to Anchorage (Case 2) after the line compensation is added when Bradley Lake is finished.

DFI appears to have recognized and accepted this information before the 138 kV study 
was performed, as indicated by the following response to a reviewer comment in the AEA Recon 
Study:

A lthough it may be desirable to lim it routine transfers over the line to 75 MW  (input), there 
appears to be no reason 10 forego the additional 15 M W  capacity for purposes of spinning reserve.
Further, the stability lim n does not prevent transfers above 90 M W  (input), but suggests that sucn 
transfers be of limited duration prim arily  for em ergency purposes. The transfer lim it of the 
existing line for estim ating access to Kenai spinning reserve may therefore be substantially higher 
than 90 MW . (Page J-20 - J-21, AEA Recon Study).

Finally, we find that the transfer limits assumed for the Anchorage-Fairbanks intertie 
upgrades closely match or even exceed PTI’s calculations for the limits of those lines. We 
disagree with the asymmetrical acceptance of the PTI transfer limit calculations.

Bradley W ill Not Have 50  M W  o f Spin Availab le at A 'l Times

We also question the assumption that 50 M W  of spin will be available from Bradley at 
all times with the new intertie. With the ability to deliver 110 MW  power to Kenai, Bradley 
must be supplying less than 60 M W  load in order for 50 M W  of spinning reserve to be available. 
Bradley averages 42 M W  of output, so there will be large amounts of time when it is operating 
below 60 M W .9 However, the number of hours where Bradley operates above 60 M W  is 
significant, especially given the use of Bradley for hydro-thermal coordination. During these 
hours. Anchorage will not be able to rely on Bradley for 50 MW  of spinning reserves, with the 
new intertie. This constrain: is less of a problem for the existing intertie, because Bradley is 
relied on for only 30 MW  of spinning reserve. Only operation above 80 M W  (delivered to 
Kenai) will reduce Bradley spin below 30 M W .

9However. Bradley needs to be operating in order to provide spin. If Bradley is off-line 
during some periods of the year, no spin will be provided.
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The Assumption Concerning the Unavailability o f the Existing Intertie Substantially 
Increases the Operating Reserve Benefit o f the New Intertie

The assumption discussed earlier concerning the assumed unavailability of the existing 
Kenai-Anchorage line for the 13 year reconstruction period and the period thereafter also 
substantially affects the spinning reserve benefit calculation. If it is believed that the 
unavailability of the existing Kenai-Anchorage will be less than stated by Chugach. then the 
spinning reseive benefits of the new intertie will further decline.

"Peak Rating Strategy" W ill Increase Probability o f Damaging Turbines

We also suspect that the probability for damaging generation units increases when the 
"peak rating strategy" described on page 7 -4  is employed. The expected cost of damage may 
be significant in the calculation of the benefits of increased reliance on Bradley for spin.

2.5 Capacity Sharing Benefits

The availability of a new Kenai-Anchorage intertie allows Anchorage to utilize additional 
excess generation capacity present oh the Kenai peninsula, and it also allows the long-term 
reduction of reserve margins (while maintaining equivalent reliab lity) because of stro.ver 
integration of the Kenai and Anchorage areas.

2 .5 .1  Unquantified Disputes

This calculation involves the estimation of how much generation capacity can be avoided 
by the existence of a new intenie. and the estimation of how much that capacity would have cost 
if the new intertie were not built. We first address the question of how much generation capacity 
can be avoided by the existence of a new intertie.

Case 2 Transfer Capacity o f the Existing Intertie is Overstated, Penalizing Benefits o f 
New Intertie

The reason the new intertie reduces the purchases of generation capacity is because it 
provides a higher transfer capacity between Anchorage and Kenai. The level of capacity benefits 
provided is related to the amount that the transfer capacity is increased over and above the 
existing transfer capacity. Two cases were analyzed. For both cases, the transfer capability of 
the new intertie was assumed to be 110 M W  output. In Case 1, the existing intertie was 
modeled as being able to transfer 70 M W  input and 60 MW  output. For Case 2 . the intention 
was to model the existing intertie as bemg able to transfer 90 M W  input and 75 M W  output. 
In actuality, the intertie was erroneously modeled as having an 88 M W  output, thus overstating 
the intended Case 2 transfer capacity.
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Case 1 Transfer Capacity is T oo  Low  to Consider in the Capacity Sharing Analysis

The error in the Case 2 transfer capacity of the existing intertie caused the benefits of the 
new intertie to be understated. However, we also reject the Case I analysis since it relies upon 
a transfer capacity estimate that is substantially below the transfer capacity estimated by PTI. the 
technical consultant for the intertie analysis. See the discussion in section 2 .4 .2  on page 22. As 
with the use of the intertie for accessing spinning reserves, using the intertie for capacity benefits 
involves infrequent transfer of actual energy. Energy is only actually transferred across the 
intertie when one area has a set of coincident outages of generators that cause the available local 
capacity to be less than the local load. Such an occurrence does not happen for more than a few 
hundred hours per year.

We find that the error of overstating the transfer capacity in Case 2 approximately cancels 
the unjustified use of the low transfer capacity for Case 1. The Case 1 intertie output was 
modeled at 60 MW  and the Case 2 output was modeled at 88 MW . The average is therefore 
about 75 M W . which is equal to PTI's transfer capacity estimate.

Possibility o f Increasing the Transfer Capacity o f the Existing Intertie by Adding 
Compensation is Ignored

Continuing with discussion of the amount of capacity avoided by the new intertie. another 
very critical issue is degree to which the transfer capacity of the existing intertie can be increased 
beyond the 90 M W  input / 75 M W  output level. If cost-effective increases are possible, the 
capacity benefits of a new interne will be substantially reduced. Even a modest increase from 
the /5 M W  output level to an 88 M W  output level will decrease the benefits of the new intertie 
by -  S10 million (minus the cost of the transfer capacity upgrade).

PTI states that upgrades of the existing Kenai-Anchorage line are possible, and in fact the 
line can be upgraded to have a transfer capacity equal to its thermal limit, approximately 145 
MW. In PT I’s report on the Kenai-Anchorage lines ("Kenai Export Limits With and Without 
a New Line With and Without Additional Compensation", PTI Report Number R106-89, 
November 30 , 1989, page 5), PTI indicates that the transfer capacity of the existing line can be 
increased to 122 MW  input (by our estimate, approximately 95 M W  output) by the addition of 
series capacitors north of Quartz Creek. This type of upgrade is of the same type being proposed 
for the northern intertie, the AF100 upgrade. If such upgrades were analyzed for the northern 
intertie, they should be considered for the Kenai-Anchorage connection also.

The second part of the calculation involves estimation of the cost of capacity that is 
avoided. The question is: if the new intertie is not built, what will the extra capacity 
requirements cost? DFI estimates the cost of this capacity at the cost of installing new gas 
turbines, approximately $51/kW/year. We believe that this assumption, at least for the years 
prior to 2005, may substantially overstate the actual cost of capacity available to Railbelt utilities. 
We believe this primarily because the Railbelt utilities have stated that they will acquire
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substantial capacity through l'fe extension of existing units, and they have also indicated that 
physically moving capacity from the Kenai Peninsula to Anchorage is an option lhat may prove 
cost-effective. These intentions indicate that such capacity acquisitions are less expensive than 
new capacity.

Cost o f Capacity does N ot Reflect Railbelt U tilities Intention to Extend L ife  o f Existing 
Plants

The Railbelt capacity expansion plans given on page F-5 of the AEA Recon study clearly 
indicate that substantial amounts of capacity will be acquired through life extension of existing 
units. The critical question is how much less than S51/kW/year will this life extension cost. 
AM L& P  states the following in a report concerning avoided cost payments to cogeneration and 
independent power plants:

M L & P’s other C T ’s are m odem  urnts installed in the 1970’s and the 1980 's. These units are 
being well m aintained. M L & P ’s standard operation calls for annual to sem iannual inspections and 
m ajor overhauls approxim ately every J years. At these overhauls M L & P perform s both a full 
inspection and destructive testing on selected (1 blade per row) hot rotating  blades. In this way. 
the C T ’s are constantly  checked and parts are replaced and upgraded. This program  on m odem  
C T ’s should result in an extended life expectancy. Therefore, no o ther retirem ents w ere assumed 
for the study period. ( “Explanation and Support for Avoided Cost Tariff Proposed by M L& P",
1989. page 9 |.

The study period referred to extends through 2017. Thus, die implication is that an M L&P  
turbine installed in 1980 will last through 2017, a total of 37 years, with only normal 
maintenance performed. The DFI analysis assumes existing turbines retire after 20 - 30 years 
of life. Thus, M L& P ’s statement indicates that an additional 10-15 years of capacity is available 
for only the cost of fixed O & M , S13/kW/year, a 74%  reduction from the S51/kW/year figure 
used in the DFI study. The M L& P  estimate may be extreme, but it does indicate the possibility 
of capacity acquisitions at substantially below the 551/kW/year DFI cost.

Potential to Acquire Cheap Capacity by M oving it From Kenai Peninsula is Ignored

Another potential source of capacity that may be cheaper than new capacity is moving 
capacity from the Kenai Peninsula where there will be substantial capacity excesses for a long 
period of time. Chugach is already considering moving a 25 M W  Bernice unit, as indicated on 
their data submission to the North American Electric Reliability Council for a reliability study. 
Movement of the 39 M W  Soldotna unit may be even more cost-effective because it is a newer 
unit, and there may be economies of scale in moving costs. If the Soldotna unit costs S5 million 
to move and has a 20 year remaining life, the levelized cost, including a S13/kW/year fixed 
O& M  cost would be $23/kW/year. substantially cheaper than S51/kW/year.
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M L& P  Believes New Capacity will Cost Substantially Less than $51/kW /year in the 
Future

M L & P ’s statements in the avoided cost report also call into question the 5 5 1/kW/year cost 
estimate for new turbines. This estimate was derived from a S490/kW capital cost of a turbine, 
a 20 year life, and a 513/kW/year fixed O&M  figure. The above quote indicates that turbine 
lives may be substantially longer than 20 years. Actual data also suggests lives longer than 20 
years, as M L& P  intends to retire their ft 1 and ft2 units in 1992. after 30 and 28 years of life 
respectively (page 8. M L&P  Avoided Cost Report). They even indicate the ability to repower 
these units in the future if further capacity is needed.

M L&P 's report concludes that future new capacity additions (not life extension and 
repowering options), which they find are not needed until 2017, will cost approximately 
S177/kW installed. 1988 S [page 8. M L&P  Avoided Cost). Using this figure, a 30 year life, 
and a S13/kW/year fixed O&M  gives a S25/kW/year capacity cost (1990 S), about half of the 
DFI S51/k\V/year figure. Once again, we do not accept M L& P ’s very low capacity cost 
estimates, but they do indicate the need to examine further the high DFI figures.

Considering the "Lumpiness" o f Capacity Investments would Increase D F I ’ s Cost of 
Capacity by about 10%

In the AEA Recon stud I identifies a simplification in their capacity analysis that 
may have caused the capacity bti.,.its to be understated. Capacity is most cost-effectively added 
in relatively large "lumps". The DFI analysis does not acknowledge this lumpiness, but instead 
assumes that exactly the right amount of capacity can be added at any given time. We agree that 
this assumption understates the cost of capacity. To determine the approximate magnitude of this 
effect, we built a simplified capacity addition model. If one assumes that load growth is 
1.4%/year (Anchorage Mid load growth), 3% of the installed capacity retires every year, and 
additions of capacity are sized to be 12% of the total installed capacity, the model shows that 
actual capacity costs are 10% higher than that indicated by assuming perfectly tuned capacity 
additions. We believe that the previously mentioned concerns about the reduced cost of life 
extension will more than compensate for this 10% understatement in the capacity benefits.

Analysis Assumes that there is N o Opportunity C ost o f Using Excess Kenai Capacity

An additional capacity benefit concern is the implicit assumption in the capacity deferral 
calculation that accessing excess capacity on the Kenai Peninsula is free. There is an opportunity 
cost associated with using this capacity with an upgraded intertie. If the capacity were left idle 
because of no new intertie. it could be mothballed (retired early with the potential for future 
repowering). Doing so would save approximately $13/kW/year of fixed O& M  costs. Thus, 
accessing the Kenai excess capacity may save the S51/kW/year cost of new capacity in 
Anchorage, but it costs S13/kW/year because of the lost opportunity to mothball the capacity or 
move and sell it.
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No Credit is G iven to a New Intertie for Accessing Capacity during Periods when 
Capacity Reserves are Sufficient

Another potential understatement of capacity benefits in the DFI report follows. No 
credit is given to the new intenie for increased capacity access during the period prior to 
additional capacity needs. Although a new intertie will save no money during this period, it will 
improve reliability because of additional access to capacity under emergency conditions. Even 
though the 30% reserve margin criteria indicates sufficient capacity for reliability needs, the 
sharp reserve margin criteria is somewhat arbitrary. Additional capacity beyond 30% reserves 
does provide some additional reliability benefit.

2.6 Maintenance Cost Savings

The new intertie is credited with the deferral of a number of maintenance activities 
planned for the existing intertie. When viewed in terms of present value, cost deferral results 
in a savings. The present value maintenance cost savings that is credited to the new intertie is 
S5 million. The AEA Recon study attributed no such benefit to the new intertie. This benefit 
only appears in the 138 kV analysis.

$5 m illion Maintenance Deferral Benefit does not A ccount for Increased Failure Repair 
Costs

We were unable to review this estimate. However, the estimate was supplied by Chugach 
Electric, an intertie advocate, and therefore deserves careful independent scrutiny. We note that 
some of the maintenance activities that are intended to be deferred if the new intertie is built are 
related to lowering the susceptibility of the existing intertie to avalanches. If these activities are 
deferred, it seems likely that avalanche repair costs will increase. The other deferred 
maintenance activities will cause similar increase in failure repair costs. It does not appear that 
these increased failure repair costs were accounted for in the analysis.

2.7 Reliability Benefits

Outages of the existing Kenai-Anchorage intertie sometimes cause utility customers to 
experience outages. The area importing energy will lose the power supplied by the intertie. If 
insufficient spinning reserves are present to fill-in for the lost nower, some customers will lose 
power. The area exporting power is less likely to suffer customer outages upon line failure. 
Most thermal generators can scale back their power production level to maintain proper voltage 
and frequency conditions. It is more difficult for hydro generation to throttle back power output; 
however, PTI, the nation’s leader in this type of work, is designing a control system for Bradley 
Lake that will allow a stable reduction in power output in the case of substantial loss-of-load. 
(The Railbelt utilities express less confidence in the ability of this system to work.)
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The existence of a new Kenai-Anchorage intertie will substantially reduce the number of 
customer outages associated with line failure, since the new Kenai-Anchorage line will avoid 
much of the tough environment that the existing line traverses. Also the existing intertie will 
provide a back-up path if the new intertie experiences an outage. Reducing the number of power 
outages has value to customers. This benefit calculation estimates the amount of power outage 
reduction and assigns a dollar value to that improved reliability. This benefit is not a reduction 
in the costs incurred by the Railbelt utilities. It is essentially a measure of how much customers 
would be willing to pay to avoid the power outages caused by the existing Kenai-Anchorage line.

A new intertie improves reliability also by improving access to generation capacity outside 
a local area in times of coincident generation outages. This type of intertie benefit was 
quantified in the "Capacity Sharing Benefit" calculation, not in the calculation in this section.

2 .7. / Quantified E rro rs

D F I’s reliability benefit calculation addresses the customer outages that occur when 
energy is being transferred over the Kenai-Anchorage line, and a line outage occurs. Loss of 
this energy flow may cause an outage in the importing area and may also, although much less 
frequently, cause an outage in the exporting area. The DFI analysis finds that the new Kenai- 
Anchorage intertie will eliminate all of these outages because of its improved reliability. DFI 
also concludes that customers would value this reliability improvement at $32 - $50 million, 
depending on outage assumptions.

Reliability Benefits cannot be Greater than Energy Transfer Benefits o f Existing Intertie

The DFI estimate of reliability benefits from the new intertie cannot be greater than the 
benefits of existing routine energy transfers. The argument is straightforward. The outages 
which are avoided by the new intertie are an unfortunate side effect of the use of the existing 
intertie for energy transfer. The outage's could also be avoided by stopping existing routine 
energy transfers. We show in the following paragraphs that the cost of stopping existing routine 
energy transfers is $17 million present value. Therefore, there are two ways of avoiding the 
outages caused by existing energy transfer:

• Option 1: stop non-emergency energy transfers and lose $17 million of transfer benefits.

•  Option 2 : use the new intertie.

The economic benefit of being able to choose option two over option one is $17 million dollars. 
Both options avoid the outages, but the intertie eliminates the need to stop the existing energy 
transfers. The intertie saves $17 million.

If the true cost of outages from existing energy transfers is really $32 - $50 million, we
should expect to see the Railbelt Utilities stop non-emergency transfers of energy over the
existing intertie as a result of the DFI study. In this case the intertie has exactly $17 million of
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reliability benefits because it avoids the need to stop the transfers. If the true cost of outages is 
less than S17 million, energy transfers should continue. In this case, the new intertie creates 
reliability benefits less than S I7 million. In either case, the reliability benefits attributable to the 
intertie cannot exceed S17 million.

DFI acknowledges this type of logical cap on the reliability benefits of the new line. In
the AEA Recon study they investigate the potential of using additional spinning reserves to solve
the unreliability problems of the existing intertie:

The value of im proved system  reliability is the lesser of reduced custom er outage costs achieved
through the interties and the cost ot increased spinning reserves to achieve a sim ilar reduction ot 
custom er outage costs. For exam ple, if it is cheaper to attain the same level of reliability through 
increased spinning reserves, then the costs o f increased spinning reserves in the true value of 
increased system  reliability. |A E A  Recon. page 4-21],

However, they conclude that using spinning reserves to avoid customer outages caused by failure 
of the existing KA  line is more costly than the costs suffered because of outages.

Existing Routine Energy Transfers are Worth' S17 m illion

We now show how the DFI analysis implies that the energy transfer benefits of the 
existing intertie amount to approximately S I7 million. The energy transfer benefits consist of 
two components. First, there are the economy energy benefits that D F I’s Over-Under model 
calculated. Second, there are the hydro-thermal coordination energy transfer benefits.

The economy energy benefits calculated by Over-Under are not directly available from 
DFI 138 kV report. The report presents the difference between the economy energy benefits 

ot uie new line and the economy energy benefits of the existing line; i.e. the increase in benefits 
assignable to '.he new line. The figure relevant to the reliability cap calculation is the economy 
energy benefit of the existing line alone. DFI supplied us with the necessary Over-Under runs 
for the Middle Fuel Price / Middle Load forecast to perfon; *he calculation. One Over-Under 
model run assumed that the existing intertie was able to transfer energy at its normal level. The 
other Over-Under allowed no transfers on the existing intertie. The difference between these two 
runs represents the economy energy value of the existing intertie. This difference, once adjusted 
for decreased gas royalties to the state, amounts to S9.4 million, present value. The result would 
be different for different load and fuel price combinations, but we expect that average result 
would be close to the Mid Fuel / Mid Load result.

The second component of foregone energy transfer benefits is the hydro-thermal 
coordination benefits. After correcting for the arithmetic error in the DFI calculation (see page 
12). the existing intertie provides an average of 55 MBtu/hour of hydro-thermal benefits for an 
average of 3 ,500 hours per year. To determine the present value benefit of this ga., savings, we
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ratio off of the original DFI hydro-thermal benefit estimate:
Hydro-Thermal Benefits of Existing Tie -  S37.5 x ------------------------ 55 MBtu/hr x 3.500________ hours________

356 MBtu/hr x 4,000 hours -  126 MBtu/hr x 3,500 hours
Hydro-Thermal Benefits of Existing Tie -  $7.3 million

The total of these two components of energy transfer benefit is approximately S17 million.

It is important to note that stopping these routine energy transfers does not require or 
intend that the existing Kenai Anchorage line be abandoned. The line would still provide 
capacity sharing and operating reserve sharing benefits, which only involve small amounts ot 
energy transfer during emergency periods. In fact, the operating reserve sharing benefits of the 
existing line would increase, since the full line capacity is available for the transfer of spin. The 
line would still deliver energy to customers along the intertie route. Outages of the line would 
cause outages for these customers: however, the new KA line was not assumed to improve 
reliability for these customers either. That which is given up are the economy energy and hydro- 
thermal coordination transfers between the Kenai and Anchorage load centers. It is these flows 
of energy that cause the outages addressed by the DFI reliability analysis.

Summary: $17  million is the Upper Bound o f Reliability Benefits

To summarize the argument, the reliability benefit of the new intertie is the lesser of two 
figures: I) the reduced customer outage costs effected by the new intertie, and 2) the cost of 
achieving an equivalent reduction in outage cost by some other means. DFI estimates the 
reduction in outage costs attributable to the new intertie to be $32 - £50 million. However, the 
same level of outage cost reduction can be achieved by forgoing routine energy transfers across 
the existing Kenai-Anchorage line. The cost of forgoing these transfers is the amount of lost 
energy transfer benefits. The DFI analysis implies that these transfer benefits are approximately 
$17 million. Therefore. $17 million is the correct estimate for the reliability benefit of the new 
line.

2 .7 .2  Unquantified Disputes

Ignoring the logical cap on reliability benefits for the moment, we also dispute the 
estimate of $32 to $50 million of outage cost imposed by the existing intertie due to energy 
transfers over the line. The estimate involves multiplying the ainount o f  outages, measured in 
unsen’ed kilowatt-hours, by the customer costs o r inconveniences caused by one unserved kWh. 
We fin', uiscuss the estimate used by DFI for the outage costs associated with one unserved 
kWh.
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A Reliability Survey to Determine Costs per Unserved kW h is M isinterpreted

DFI relied upon the same data that was used in the AEA Recon study to determine the 
costs imposed on commercial customers because of power outages (approximately 90%  of the 
outage costs are suffered by commercial customers, according to DFI). However, the 
interpretation of that data was changed in a way that caused the estimate of outages costs to more 
than double.

The survey relied upon was conducted by Ontario Hydro. They asked commercial 
customers what costs they would suffer as the result of outages of different lengths. The survey 
respondent was to assume that the outage occurred at 10 am on a Friday in January , a time when 
the business was almost certainly open. To convert the respondents dollar answers into a S per 
unserved kWh figure, it is necessary to divide by the electrical usage that would have occurred 
for the duration of the outage. Unfortunately, the survey did not collect this time-of-day load 
data from the respondents, so the typical usage at 10 am on a Friday in January was not known. 
What was collected was the annual average demand and the annual peak demand of the surveyed 
customers.

For the AEA Recon study. DFI used a S/unserved-kWh figure that was derived from 
dividing the respondents' outage cost estimates by 75% of annual peak demand. For the Railbelt 
Utility 138 kV study, DFI used a figure that was based on dividing by annual average demand. 
In order for this latter interpretation of the data to be correct, the usage during open business 
hours would need to be equal to the annual average usage. We find this exceptionally unlikely. 
Only:

1) businesses that are open 24 hours per day, or
2) businesses that use as much electricity when they are closed as when they are open.

would have an open-hour usage similar to their annual average demand. Few businesses 
participating in the Ontario Hydro survey are likely to fall in that category, as indicated by their 
load factors. A load factor is the ratio of average annual demand to peak demand. The survey 
data indicates load factors ranging from 21%  for the large industrial customers to 46%  for the 
retail customers. A low load factor usually indicates a usage pattern that has substantial variation 
over time.

We would estimate open-hour usage as being approximately 1.5 times annual average 
demand, based on a typical business being open for 3 .000  hours per year and having a ratio of 
open-hour usage to closed-hour usage of 2. Such an estimate implies that D F I’s outage cost per 
unserved kWh is a factor of 1.5 too high.

We note that the EPRI (Electric Power Research Institute) report that provided the outage 
cost data warns against dividing survey outage costs by annual average demand, as DFI did:

However, most studies do not have available o r  do not use estim ates o f average kW h usage during 
the interruption period. Instead, outage costs are frequently unitized in term s of S /(m axim um  kW) 
or S/faverage kW h). Both of these units can be deceiving, depending upon the tim ing of the
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interruptions and the custom er's usage pattern. Using maxim um  dem and as the divisor will 
understate outage costs, since a custom er's load during an in terruption may not be near its peak 
level. At the other extrem e, average kW h is iikely to understate kW h unserved dunng  daytime 
interruptions and. consequently, overstate outage costs. ("Custom er Demand tor Service 
R eliability". Laurits R. Christensen A ssociates. Inc.. EPRI P-6510. Septem ber 1989. page 2-14|.

A High Outage Cost per Unserved kWh is Applied to Unserved kWh that Occur During 
Hours When Businesses are Closed

Assume for the moment that the Ontario Hydro survey was interpreted correctly. The 
S/unserved-kWh figure derived from the survey is reflective jf  the costs of outages that occur 
during hours when businesses are open. This is because the survey respondents were asked abou: 
the costs of outage occurring at 10 am on a Friday. We find it very unlikely that the outage cost 
per kWh will be nearly as high for outages occurring during hours when businesses are closed. 
The electricity usage during closed hours will be lower, say by a factor of 2. but the costs 
incurred by the outage will be substantially lower, we expect by much more than a factor of 2.

DFI applied an outage cost figure reflective of outage costs during open business hours 
to a ll the commercial unserved energy caused by the existing Kenai-Anchorage intertie. We 
expect that a significant fraction of that unsen/ed energy occurs during nights and weekends when 
businesses are closed. A smaller outage cost per unserved kWh should be applied to this 
unserved energy occurring during closed hours. DFI’s failure to account for this is a further 
overstatement of the outage costs caused by the existing intertie.

Unserved kWh from AEA Recon Study are Not Reduced to Account for the Unavailability 
of the Existing Intertie

In the final benefit estimates for the AEA Recon study, the existing intertie was modeled 
as being available for transfers for ail but two weeks of the year. In the 138 kV study, this 
assumption was changed, and substantial periods of unavailability for the existing intertie were 
assumed [see page B -2 , 138 kV ]. This assumption increases the energy transfer benefits and the 
spinning reserve benefits of the new intertie. However, it decreases the reliability benefits of 
the new intertie. This adjustment was not made in the 138 kV study.

If the existing intertie is expected to be unavailable for transfers for much of the year, 
it is also is not causing power outages during those periods. This was directly recognized in the 
AEA Recon study in a section where DFI briefly discussed the possible effects of an assumption 
of 2 month per year unavailability of the existing intertie:

Outages in Anchorage and Kenai caused by failure of the existing line while transfers are 
occurring would be avoided for two months per year. Reducing the reliability benefit of the new 
intertie by one-sixth would mean a reduction of SI to $2 million in net benefits for the new Kenai- 
Anchorage line. (page 13-20. A EA  Recon).

This 2 month outage assumption was not included in the final benefit estimates for the AEA
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Recon study. However, in the 138 kV study, a 3 month per year intertie maintenance outage 
was assumed for years 1994 - 2007. and a 1 month per year maintenance outage was assumed 
for the years beyond 2007. Thus, the unserved kWh estimates that were taken from the AEA  
Recon should be adjusted downward by 25%  for 1994-2007, and ~ i%  for 2008 onward to 
account for this.

The Unserved kWh in Anchorage Caused by Failures of the Existing Intertie are 
Substantially Overstated

DFI estimates that 30% -39%  of the unserved energy caused by the existing intertie is 
borne by Anchorage customers. In the calculation of the unsti ,-ed energy suffered by Anchorage 
customers. DFI made the assumption that at the times when the existing intertie suffers an 
outage, there is 60 M W  of transfer occurring. They assumed the loss of this transfer would 
cause a 30 MW  outage, because of some spinning reserve protection in Anchorage [see page 4- 
14. AEA Recon Study. These assumptions were carried forward to the 138 kV study]. These 
assumptions are extreme and increase the reliability benefits of a new intertie.

If the Railbelt system is optimally dispatched, D F I’s analysis shows that the flow of 
energy northward into Anchorage with the existing intertie will rarely be 60 M W , and will 
average about 30 M W . (Page 5-8 of the 138 kV study shows a northward flow of energy of 
about 110 GWh. DFI assumes Anchorage is importing energy for 40%  of the time-page 4-13 
of AEA Recon. Thus, the average flow is 110 ,000 M W h/8766 hrs/0.4 =  30 M W .) Anchorage 
is assumed to have approximately 35 M W  of spinning reserve if no new intertie is built (65 M W  
Total - 30 MW carried by Bradley, see page 7-2 138 kV ). Thus, if Anchorage importation of 
energy occurred at a constant level, 30 M W , there would always be sufficient spinning reserve 
to cover loss of the line. However, the import varies about the 30 M W  average, so there are 
times when the intertie transfer exceeds the 35 M W  of spinning reserve.

To get a sense of how frequently the import exceeds the 35 M W  of spinning reserve in 
Anchorage, we examined the hydro-thermal coordination calculation. Approximately 80% of 
the total Anchorage imports are due to hydro-thermal coordination. The corrected hydro-thermal 
calculation presented in Appendix B shows that the average level of unprotected transfers into 
Anchorage is 3 M W .10 Adding in the additional transfers estimated by the Over-Under model 
will probably not raise this figure beyond 5 M W . DFFs assumption that failures of the existing 
intertie cause a 30 M W  outage in Anchorage appears to overstate the Anchorage unserved energy 
by a factor of 6. Correcting this overstatement would lower the total reliability benefits of the 
new line by about 28%  (ignoring the logical reliability cap).

10We also note that if the more optimal hydro-thermal coordination regime described on page 
? were implemented, the level of unprotected transfers into Anchorage would be substantially 
less.
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The Analysis Implies that if a New Intertie is Built, Kenai Customers will Suffer No 
Outages due to Generation and Transmission Failures

The DFI analysis assumes that Bradley will somewhat reduce the number of outages on 
the Kenai peninsula due to a reduction in the amount of time Kenai is importing energy and due 
to the ability of Bradley Lake to restore power to customers more quickly. Beyond this 
reduction. DFI assumes that a new intertie will eliminate all the remaining jnserved kWh on the 
Kenai peninsula (except unserved kWh for customers along the existing intertie route--e.g. 
Seward). Thus these Kenai peninsula customers will have the lowest level of G&T unserved 
kWh in the Railbelt. 0 kWh/customer/year. as compared to 6 kWh/year for Anchorage. 3 
kWh/year for Fairbanks, and 2 kWh/year for Copper Valley. This conclusion results from 
assigning very high reliability benefits to the new intertie. We find the conclusion unlikely.

The Analysis Assumes that Kenai will Suffer Substantial Outages when the Existing 
Intertie Fails under Kenai Export Conditions, Contrary to Statements by the Technical 
Consultant, PTI

When the existing intertie fails under Kenai export conditions (Anchorage import), the 
Bradley Lake hydro project must throttle back its output in a stable manner in response to the 
loss of load. PTI. Power Technologies Inc.. has designed a control system that they claim will 
perform this task up to export levels of 90 MW  (75 M W  received in Anchorage). They claim 
that stable throttling of Bradley will be substantially easier at lower export levels [phone call with 
Harrison Clark. January 16. 1990]. Given that the average level of export from Kenai is about 
35 MW  (and substantially lower if the more optimal hydro-thermal regime is implemented), the 
functionality of PT I’s control system is more probable.

DFI assumed that failure of the existing line under conditions of Kenai export would 
cause Kenai customer outages 40-80%  of the time [page 4 -12 , AEA Recon Study]. This 
assumption indicates very little faith in PTI’s detailed technical design and analysis work.

The Analysis Assumes that Outages cannot be Directed to Those Customers with Lowest 
Outage Costs

DFI assumes that the unserved kWh fall on customers in proportion to how much energy 
they consume. For example, if the commercial customers consume 60% of the annual energy 
in an area, DFI assumed that 60% of the unserved energy was incident on the commercial sector. 
However. D F I’s outage cost figures imply that the outage cost per kWh is 5 times higher for 
commercial customers than for residential customers ($25/unserved-kWh versus $5/unserved- 
kWh). If a system manager were to "optimally dispatch outages", as much of the outage burden 
would be placed on the residential customers. The unfairness of this approach could be mitigated 
by reducing residential rates relative to commercial rates, to reflect the less reliable power 
received by the residential customers. Dispatching outages on residential customers is physically 
accomplished by setting load-shedding relays to first trip distribution feeders lhat are 
predominantly residential before tripping feeders that are predominantly commercial.
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Appendix A 
H yd ro -T h e rm a l Com putation E r r o r  C orrec ted

Reshaping Savings for N e w  Intertie

101 MW CC, Beluga CC#8

50% Heat Rate = 10,981
Incremental Heat Rate = 7,801

Reshaping Unwtd Wtd.
Energy Savings Avg MW MBtu/hr MBtu/hr
Req't Prob Btu/kWh Load Savings Savings

1.09 0.433 2,481 41 101.7 44.0
1.14 0.359 2, 115 71 150.1 53.9
1.15 0.116 1,981 89 176.3 20.5
1.19 0.092 1,704 97 165.3 15.2

133.6

47 MW CC, AMLP #56

50% Heat Rate = 13,700
Incremental Heat Rate = 8,718

Reshaping Unwtd Wtd.
Energy Savings Avg MW MBtu/hr MBtu/hr
Req't Prob Btu/kWh Load Savings Savings

1.09 1 4,201 29.4 123.4 123.4
1.14 0 3 ,791 0.0 0.0
1.15 0 3 ,642 0.0 0.0
1.19 0 3,332 0.0 0.0

123.4 37.5% 46.3
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55 MW CT, Beluga #3

50% Heat Rate = 13,136
Incremental Heat Rate = 9,552

Reshaping Unwtd Wtd.
Energy Savings Avg MW MBtu/hr MBtu/hr
Req't Prob Btu/kWh Load Savings Savings

1.09 1 2,728 34.4 93.8 93.8
1.14 0 2,280 0.0 0.0
1.15 0 2,116 0.0 0.0
1.19 0 1.777 0.0 0.0

93.8 5.0% 4.7

87 MW CT, AMLP C T # 8

50% Heat Rate = 14 ,029
Incremental Heat Rate = 9,591

Reshaping Unwtd wtd.
Energy Savings Avg MW MBtu/hr MBtu/hr
Req't Prob Btu/kWh Load Savings Savings

1.09 54.8% 3,579 39.6 141.8 77.6
1.14 41.3% 3,128 71.0 221.9 91.6
1.15 4.0% 2,964 85.7 254.0 10.0
1.19 0.0% 2,623 0.0 0.0

179.3 9.0% 16.1

66 MW CT, Beluga CT #5

50% Heat Rate = 15,012
Incremental Heat Rate = 10,914

Reshaping Unwtd Wtd.
Energy Savings Avg MW MBtu/hr MBtu/hr
Req't Prob Btu/kWh Load Savings Savings

1.09 82.8% 3,120 37.0 115.4 95.5
1.14 17.2% 2,608 61.7 161.0 27.7
1.15 0.0% 2,420 0.0 0.0
1.19 0.0% 2,033 0.0 0.0

123.3 8.0% 9.9
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33 MW CT, AMLP CT #4

50% Heat Rate = 18,475
Incremental Heat Rate = 9,372

Reshaping Unwtd wtd.
Energy Savings Avg MW MBtu/hr MBtu/hr
Req't ’’rob Btu/kWh Load Savings Savings

1.09
1.14
1.15 
1.19

1.00 8,263 
0.00 7,823 
0.00 7,662 
0.00 7,330

20.6 170.4
0.0
0.0
0.0

170.4 
0.0 
0.0 
0.0

170.4 3.0% 5.1

100.0% 132.2

MBtu/hr

Reshaping Savinas for Existing Intertie

101 MW CC , Beluga CC#8

50% Heat Rate = 
Incremental Heat Rate =

10,981
7,801

Reshaping
Energy
Req't

Savings 
Prob Btu/kWh

Avg MW 

Load

Unwtd
MBtu/hr
Savings

Wtd.
MBtu/hr
Savings

1.20
1.28
1.31
1.42

15.3% 1,581 
22.2% 1,021 
10.8% 769 
19.0% 0

30.7
44.8 
57.1 

68.3

48.6
45.7 

43.9
0.0

7.4
10.2
4.7
0.0

22.3 37.5% 8.4

47 MW CC, AMLP #56

50% Heat Rate = 
Incremental Heat Rate =

13 ,700 
8,718

Reshaping

Energy
Req't

Savings 
Prob Btu/kWh

Avg MW 
Load

Unwtd
MBtu/hr
Savings

Wtd.
MBtu/hr
Savings

1.20
1.28
1.31
1.42

70.0% 3,195 
30.0% 2,569 

0 2,287 

0 1,286

24.1
41.7

77.0
107.2

0.0
0.0

53.9
32.1
0.0

0.0

86.0 37.5% 32.3
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55 MW CT, Beluga #3

50% Heat Rate = 
Incremental Heat Rate =

13,136
9,552

Reshaping
Energy
Req't Prob

Savings

Btu/kWh
Avg MW 

Load

Unwtd
MBtu/hr
Savings

Wtd.

MBtu/hr
Savings

1.20
1.28

1.31
1.42

55.0%
40.4%
4.6%

0

1,626
940
631

0

25.1 

44.8
54.1

40.8
42.1
34.1 
0.0

22.5
17.0 
1.6 
0.0

41.0

87 MW CT, AMLP CT#8

50% Heat Rate = 
Incremental Heat Rate =

14,029
9,591

Reshaping
Energy
Req't Prob

Savings

Btu/kWh

Avg MW 

Load

Unwtd
MBtu/hr
Savings

Wtd.
MBtu/hr
Savings

1.20
1.28
1.31
1.42

22.5%
25.5%
12.4%
21.8%

2.472 
1,783

1.473 
371

29.1 
44 .8
57.1 

68.3

71.9
79.8

84.2
25.4

16.2
20.4
10.4 
5.5

5.0% 2.1

52.5 9 . 0 ! 4.7

66 MW CT, Beluga CT #5

50% Heat Rate = 
Incremental Heat Rate =

Reshaping
Energy

Req't Prob
Savings
Btu/kWh

15,012
10,914

Unwtd W t d .
Avg MW MBtu/hr MBtu/hr 

Load Savings Savings

1.20
1.28

1.31
1.42

40.3%
33.7%

16.3%
9.7%

1,861
1,077

724
0

26.5 
44.8 
57.1
63.6

49.3 
48.2

41.4 
0 .0

19.8
16.2

6 .8
0 .0

42.8 8.0% 3.4
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33 MW CT, AMLP CT #4

50% Heat Rate = 
Incremental Heat Rate =

18,475

9,372

Reshaping

Energy
Req't Prob

Savings

Btu/kWh
Avg MW 

Load

Unwtd

MBtu/hr

Savings

Wtd.

MBtu/hr
Savings

1.20
1.28
1.31
1.42

100.0%

0.0%
0.0%
0.0%

7,182 
6,509 
6 ,206 
5,129

20.6 148.1

0.0
0.0
0.0

148.1
0.0
0.0
0.0

148.1 3.0% 4.4

100.0% 55.3 

MBtu/hr
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Appendix B 
H yd ro -T h e rm a l O ve rs im p lifica tion  Correc ted

DFI set up computation bins for particular loading levels of the intertie. With the varying heat 
rate assumption, we found it computationally easier to set up bins to correspond to different 
loading levels of each turbine. The reshaping energy requirement for each bin was calculated 
by interpolating between transmission loss figures given by DFI for the intertie. We used the 
interpolation method suggested by DFI on page 3-5 of the 138 kV study.

B e lu g a .  C C £ &

Unit Size =
Ircrenentai Heat Rate, 501 - 1001 = 
Heat Rate at 501 =

Existing Transfer Linit, Output - 
New Transfer L iiit, Output =

Available Anchorage Spin =

Average Range
Range Heat
Load Loading Rate

Unit Leading XW Prob. 3tu/TcWh

0.01 5.01 2.53 0.001 71,401
5.01 10.01 \58 0.001 29,001

10.01 15.01 12.63 0.001 20,521
15.01 20.01 17.68 0.001 16,387
20.01 25.01 22.73 0.001 14,868
25.01 30.01 27.78 6.671 13,583
30.01 35.01 32.83 6.671 12,693
35.01 40.01 37.88 6.671 12,041
40.01 45.01 42.93 6.671 11,542
45.01 50.01 47.98 6.671 11,148
50.01 55.01 53.03 6.671 10,830
55.01 60.01 58.03 6.671 10,566
60.01 65.01 63.13 6.671 10,345
65.01 70.01 68.18 6.671 10,157
70.01 75.01 73.23 6.671 9,994
75.01 30.01 78.28 6.671 9,853
30.01 35.01 83.33 6.671 9,728
35.01 90.01 38.38 6.671 9,618
90.01 95.01 93.43 6.671 9,520
95.01 100.01 98.48 6.671 9,432

1001

101 IN 
*,301 Btu/WWh 

10,381 atu/kHh

61 XW 
139 MH

35 XW

m m
Weighted 

Reshape Reshape Gas Gas 
Req't Savings Savings Savings 

XWb/XWh Btu/XWh XBtu/hr XBtu/hr

Reshape
Req't

xwb/xwh

1.01 63,529 160.4 0.00 1.00
1.03 20,948 158.7 0.00 1.01
1.06 12,243 154.6 0.00 1.02
1.09 8,413 148.7 0.00 1.02
1.12 6,130 139.3 0.00 1.03
1.15 4,612 128.1 3.54 1.04
1.19 3,434 112.7 7.51 1.05
1.23 2,479 93.9 6.26 1.06
1.25 1,808 77.6 5.17 1.06
1.25 1,358 65.2 4.34 1.07
1.28 331 44.1 2.94 1.08
1.31 359 20.9 1.39 1.09
1.35 0 0.0 0.00 1.10
1.40 0 0.0 0.00 1.11
1.46 0 0.0 0.00 1.12
1.53 0 0.0 0.00 1.13
1.60 0 0.0 0.00 1.14
1.70 0 0.0 0.00 1.15
1.75 0 0.0 0.00 1.16
1.79 0 0.0 0.00 1.17

36.2

NEW
Weighted 

Reshape Gas Gas 
Savings Savings Savings 
8tu/Uh XBtu/hr XBtu/hr

wtd.
Cnprot- Unprot­
ected ected 
S -> X S -> N 

Transfer Transfer 
XW XW

63,578 160.5 0.00 0.0 3.00
21,124 160.0 0.00 0.0 0.00
12,588 158.9 0.00 0.0 0.00
3,898 157.3 0.00 0.0 0.00
6,811 154.8 3.00 0.0 3.30
5,469 151.9 10.13 0.0 0.00
4,522 148.4 9.90 0.0 3.00
3,806 144.1 9.61 2.9 0.19
3,236 133.9 9.26 7.9 0.53
2,782 133.5 8.90 13.0 0.37
2,385 126.4 3.43 18.0 1.20
2,060 119.6 7.97 23.1 1.54
1,758 111.0 7.40 0.0 0.00
1,506 102.7 6.85 0.0 0.00
1,266 92.7 6.18 0.0 0.00
1,041 81.5 5.43 0.0 0.00

84T 70.4 4.69 0.0 0.00
650 57.4 3.83 0.0 0.00
466 43.5 2.90 0.0 0.00
293 23.8 1.92 0.0 3.00

103.4 4.33
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A M L P  CC#56.

Unit Size = 47 XW
Increnentai Heat Rate, 501 - loot = 3,713 Btu/kWh
Heat Rate at 521 = 13,700 Btu/XWh

Existing Transfer Liait, Output = 
Kev Transfer Liait, Output =

Available Anchorage Spin =

61 XW
13S XW

15 XW

EXISTING
Average Ranee

Heat Restate Restate
Weighted 

Gas Gas

NEW

Restate Restate Gas

wtd.
i Unprot- Unprot- 

Weiotted i ected ected
Gas I S -> N S -> N

Unit Leading
Load Loading 
XW Prob.

Rate
Btu/XWh

Rea't
XWb/XWh

Savings
Btu/XWh

Savings
XBtu/hr

Savings
XBtu/hr

Req't
XWh/XWh

Savings
Btu/XWh

Savings
XBtu/hr

Savings
XBtu/hr

Transfer Transfer
XW XW

=
o.ot 5.01 1.18 0.001 108,358 1.00 99,601 117.0 0.00 1.00 99,628 117.1 0.00 0.0 0.00
5.01 13.01 2.53 0.001 41,931 1.01 33,094 116.7 0.00 1.00 33,177 116.9 0.00 0.0 0.00

10.01 15.01 5.38 0.001 28,646 1.02 • 19,728 115.9 0.00 1.01 19,867 116.7 0.00 0.0 0.00
15.01 20.01 8.23 0.001 22,952 1.04 13,312 114.4 0.00 1.01 14,137 116.3 0.00 0.0 0.00
20.01 25.01 10.58 0.001 19,789 1.05 10,665 112.8 0.00 1.01 10,949 115.8 0.00 0.0 0.00
25.01 30.01 12.93 6.671 17,776 1.06 8,525 110.2 7.35 1.02 8,899 115.0 7.67 0.0 0.00
30.01 35.01 15.28 6.671 16,383 1.07 7,045 107.6 7.17 1.02 7,480 114.3 7.62 0.0 0.00
35.01 40.01 17.53 6.671 15,361 1.09 5,891 103.8 6.92 1.02 6,433 113.4 7.56 0.0 0.00
40.01 45.01 19.98 6.671 14,579 1.10 5,020 100.3 6.69 1.03 5,614 112.1 7.48 0.0 G.OO
45.01 50.01 22.33 6.671 13,962 1.11 4,244 94.7 6.32 1.03 4,972 111.0 7.40 0.0 0.00
50.01 55.01 24.68 6.671 13,463 1.13 3,604 88.9 5.93 1.04 4,434 109.4 7.29 0.0 0.00
55.01 50.01 27.03 6.671 13,050 1.14 3,073 83.0 5.54 1.04 3,996 108.0 7.20 0.0 0.00
60.01 55.01 23.38 6.671 12,704 1.16 2,530 75.8 5.05 1.04 3,611 106.1 7.07 0.0 0.30
65.01 70.01 31.73 6.671 12,408 1.13 2,111 67.0 4.46 1.05 3,290 104.4 6.96 0.0 0.00
70.01 '5.01 34.08 6.671 12,154 1.20 1,704 58.1 3.37 1.05 3,009 102.5 6.84 0.0 0.00
75.01 30.01 36.43 6.671 11,932 1.22 1,299 47.3 3.16 1.05 2,742 99.9 6.66 1.4 0.10
30.01 35.01 38.78 6.671 11,737 1.23 398 38.7 2.58 1.06 2,521 97.7 6.52 3*8 0.25
35.01 30.01 41.13 6.671 11,565 1.25 663 27.3 1.82 1.06 2,.309 94.9 6.33 6.1 0.41
90.01 95.01 43.48 6.671 11,411 1.25 532 23.1 1.54 1.06 2,128 92.5 6.17 8.5 0.57
95.01 130.01 45.83 6.671 11,273 1.24 471 21.6 1.44 1.07 1,950 89.4 5.96 10.8 0.72

1001 69.8 104.7 2.04
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Beluga C T # 3

vltik »*Z6 ”
Increientai Heat Rate, 501 - 130t 
Heat Rate a: 501 =

55 an 
5,552 BtU/kKb 

12,126 Stu/kWi

•xistirj Transier Unit, Output1 51 HU
,'iev Transfer Liait, output - 123 ffl

Available Ancscrage Spin = 25 )N

'.’nit Leading

Average
Range
Load Loading 
W Prob.

Range
Heat
Rate

Stu/XWa

Reshane
Req't

m / m

EXISTING

Reshape Gas 
Savings Savings 
Btu/Mft KBtu/hr

Weighted
Gas

Savings
KBtu/br

Restate
Req't

m i m

!iW

Reshape
Savings
m m

Gas
Savings
KBtu/hr

Weiahted
Gis

Savings
KBtu/hr

wtd.
’Jnprot- Unprot­
ected ected 
S -> H S -> N 

Transfer Transfer 
HSf KW

0.01 5.31 1.38 0.001 81,232
—

1.00 71,637 38.5 3.00 1.00 71,667 98.5 0.00 0.0 0.00
5.01 10.01 4.13 0.001 33,445 2.02 23,719 37.8 0.00 1.01 23,340 98.3 0.00 0.0 0.00

10.01 15.01 6.88 0.001 23,388 1.03 14,073 36.3 0.00 1.01 14,256 98.0 0.00 0.0 3.00
15.01 20.01 9.63 0.001 19,792 1.04 9,341 34.7 0.00 1.01 10,119 97.4 0.00 0.0 0.00
20.01 25.01 12.38 0.001 17,516 1.06 7,427 31.9 0.00 1.02 7,303 96.6 0.00 0.0 0.30
25.01 10.01 15.13 6.671 16,068 1.07 5,837 33.3 5.39 1.02 6,314 95.5 5.37 0.0 0.00
10.01 15.01 17.38 6.671 15,066 1.09 4,690 33.8 5.59 1.03 5,270 94.2 6.23 0.0 3.00
35.01 40.01 20.63 6.671 14,331 1.10 3,783 78.0 5.20 1.03 4,508 93.0 5.20 0.0 0.00
10.01 45.01 23.38 6.671 13,763 1.12 3,069 71.7 4.78 1.03 3,904 91.3 5.03 0.0 0.30
15.01 50.01 26.13 6.671 13,325 1.14 2,471 54.6 4.30 1.04 3,418 39.3 5.95 0.0 0.00
50.01 55.01 23.38 6.671 12,365 1.16 1,374 54.1 3.61 1.04 3,017 37.1 5.31 0.0 0.00
55.01 50.01 31.63 6.671 12,669 1.18 1,386 43.8 2.92 1.05 2,677 34.7 5.64 0.0 0.00
50.01 55.01 14.38 6.671 12,419 1.20 369 33.3 2.22 1.05 2,385 32.0 5.47 0.0 0.00
55.01 70.01 17.13 6.671 12,207 1.22 557 20.7 1.38 1.06 2,123 73.8 5.25 2.1 0.14
70.01 75.01 19.88 6.671 12,024 1.25 109 4.3 3.29 1.06 1,896 75.6 5.04 4.9 3.33
75.01 30.01 42.63 6.671 11,864 1.24 0 0.0 0.00 1.06 1,708 72.8 4.85 7.6 0.51
30.01 35.01 45.38 6.671 11,724 1.24 0 0.0 3.00 1.07 1,524 69.2 4.61 0.0 0.00
35.01 90.01 48.13 6.571 11,600 1.25 0 0.0 0.00 1.07 1,356 65.2 4.35 0.0 0.00
90.01 95.01 50.88 6.671 11,489 1.28 0 0.0 3.00 1.08 1,193 60.7 4.05 0.0 3.00
95.01 100.01 53.63 6.671 11,390 1.29 0 0.0 0.00 1.08 1,049 56.3 3.75 0.0 0.00

1001 36.2 79.7 0.98
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a m l p  c m

■Jr.it Size = 57 XX
Ir.crexejicai Heat Hate, 501 - iDOt = 5,591Btu/kXh
Heat Rate at 501 = 11,029 Btu/xXh

Hasting Transfer Liait, Output: 61 XX
N'ev Transfer Liait, Output = 139 XX

Available Ancscrage Spin = 13 XX
, -Ui.

EXISTING MEW 1 ’Jnprot- Ur.prot-

Unit Leading

Average
Range
Lead Leading 
XX Prob.

Range i
Heat . Reshape Reshape Gas 
Rate i Req't Savings Savings 

Btu/Wh 1 XXh/XXh 3tu/kXh XBtu/hr

Weighted
Gas

Savings
XBtu/hr

Reshape
Req't

KXh/XXh

Reshape Gas 
Savings Savings 
Btu/Wh XBtu/hr

Weighted
Gas

Savings
XBtu/hr

t ected ected 
S -> N S -> N 

Transfer Transfer 
XX XX

0.01 5.01 2.18 3.001 93,351 1.01 88,673 192.9 0.00 1.00 83,733 193.0 0.00 0.0 0.00
5.01 10.01 6.53 3.001 39,173 1.03 29,322 191.3 0.00 1.01 29,506 192.5 0.00 0.0 0.00

10.01 15.01 13.88 3.001 27,313 1.05 17,259 187.7 0.00 1.01 17,617 191.6 0.00 0.0 3.00
15.01 23.01 15.23 0.001 l L f i . l l 1.37 11,998 . 182.7 0.00 1.02 12,477 190.0 0.00 0.0 0.00
20.01 25.01 19.58 3.001 19,153 1.10 8,937 174.9 0.00 1.03 9,604 188.0 0.00 0.0 0.00
25.01 30.01 22.93 6.671 17,660 1.13 6,866 161.3 10.95 1.03 7,741 135.2 12.35 0.0 0.00
30.01 35.01 23.28 6.671 16,119 1.16 5,335 150.9 10.06 1.04 6,414 182.2 12.15 0.0 0.00
35.01 10.01 32.63 6.671 15,503 1.19 4,124 134.5 8.97 1.05 5,162 178.2 11.88 0.0 0.00
10.01 15.01 36.98 6.671 11,812 1.22 3,115 115.2 7.68 1.05 1,701 173.8 11.59 2.0 0.13
15.01 50.01 11.33 6.671 14,263 1.23 2,430 100.4 6.70 1.06 4,079 168.6 11.21 5.3 0.42
50.01 55.01 15.68 6.671 13,818 1.21 1,935 33.1 5.89 1.07 3,561 162.7 10.81 10.7 0.71
55.01 60.01 50.03 6.671 13,150 1.27 1,230 61.5 4.10 1.08 3,134 156.8 10.45 15.0 1.00
60.01 65.01 51.38 6.671 13,111 1.29 714 10.5 2.70 1.08 2,711 119.2 9.95 19.1 1.29
65.01 70.01 53.73 6.671 12,878 1.31 278 16.3 1.09 1.09 2,405 111.2 9.42 23.7 1.58
70.01 75.01 63.08 6.671 12,652 1.35 0 0.0 0.00 1.10 2,091 132.1 3.81 0.0 0.00
75.01 80.01 67.13 6.671 12,454 1.40 0 0.0 0.00 1.11 . 1,835 123.7 8.25 0.0 0.00
80.C1 35.01 71.78 6.671 12,281 1.11 0 0.0 0.00 1.12 1,581 113.5 7.56 0.0 0.00
35.01 90.01 76.13 6.671 12,127 1.49 0 0.0 0.00 1.12 '.349 102.7 6.84 0.0 0.00
90.01 95.01 80.18 6.671 11,990 1.56 0 0.0 0.00 1.13 l,i24 90.5 6.03 0.0 0.00
95.01 100.01 81.83 6.671 11,867 1.63 0 0.0 0.00 1.14 914 77.5 5.17 0.0 0.00

1001 58.1 112.5 5.11
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Beluga CT#5.

7r.it S;:e = ••= NX
Increnentai Heat Rate, 531 - i-Ct = 13,314 Btu/kXb
Heat Rate at 331 = 35.312 3tu/XXh

!xistir.g Transfer Liait, Cutput = 
New Transfer Liait, Output;1

Hi xx
113 NX

Available Anchorage Spin XX

Unit Leading

Average
Range
Lead Loading 
XX Prob.'

Range
Heat
Rate

sta/tth

Reshape
Req't

XXh/NXh

EXISTING

Reshape Gas 
Savings Savings 
Btu/Wh XBtu/hr

Weighted
Gas

Savings
XBtu/hr

Reshape
Reo'i:

XXh/XXh

NEX

Reshape
Savinas
Btu/Ufh

Gas
Savings
XBtu/hr

Weighted
Gas

Savings
XBtu/hr

wtd.
Unprot- Unprot­
ected ected 
5 -> N S -> S 

Transfer Transfer 
XX XX

3.01 5.01 1.65 0.001 92,374 1.30 31,911 135.2 3.00 1.00 31,945 135.2 0.00 0.0 0.00
5.31 10.31 4.95 3.001 33,234 1.32 27,070 134.0 0.00 1.01 27,259 134.9 3.00 0.0 3.00

13.01 15.31 3.25 3.001 27,306 1.04 15,988 131.9 3.00 1.01 16,270 134.2 0.00 0.0 0.00

15.01 20.01 11.55 0.001 22,623 1.05 11,148 123.3 0.00 1.02 11,540 133.3 3.00 0.0 •3.30
23.01 25.31 14.35 3.001 20,321 1.07 8,331 123.7 0.00 1.02 8,876 131.8 0.00 0.0 3.00
25.01 30." 13.15 5.671 13,365 1.09 6,510 118.2 7.38 1.03 7,173 130.2 3.68 0.0 0.00

33.01 35.0* 21.45 6.671 17,219 1.11 5,110 109.6 7.31 1.03 5,979 128.3 3.55 0.0 0.00

55.01 40.01 24.75 6.671 16,378 1.13 4,036 39.9 6.66 1.04 5,075 125.6 3.37 0.0 3.30
40.01 45.01 28.05 6.671 15,735 1.16 3,123 37.6 5.84 1.04 4,384 123.0 3.20 0.0 3.00
45.01 80.31 31.35 6.671 15,223 1.17 2,431 76.2 5.08 1.05 3,312 119.5 7.>7 0.0 0.30
50.01 55.01 34.65 6.671 14,317 1.20 1,734 60.1 4.01 1.05 3,352 116.2 7.74 c.o 3.00
55.01 V  ' 37.95 6.671 14,477 1.23 1,100 41.7 2.78 1.06 2,939 111.5 7.44 3.0 0.20
HO.01 13.1)1 41.25 6.671 14,192 1.23 728 30.0 2.00 1.06 2,604 107.4 7.16 6.3 3.42
55.01 •0.31 44.55 6.671 13,950 1.25 267 11.9 0.79 1.07 2,295 102.2 6.32 9.6 0.64
70.01 '5.31 47.85 6.671 13,740 1.25 43 2.1 0.14 1.07 2,035 37.4 6.49 12.3 3.36
75.01 90.01 51.15 6.671 13,558 1.28 0 0.0 0.00 1.08 1,777 90.9 6.06 0.0 3.00
80.01 35.01 54.45 6.671 13,398 1.29 0 0.0 0.00 1.08 1,565 35.2 5.68 0.0 3.00
35.01 90.01 57.75 6.671 13-256 1.31 * 0.0 0.00 1.09 1,355 78.2 5.22 0.0 0.00

90.01 95.01 61.05 6.671 13,129 1.33 0 0.0 0.00 1.10 1,163 71.3 4.75 0.0 0.00

95.01 100.01 64.35 6.671 13,016 1.37 0 0.0 0.00 1.10 984 63.3 4.22 0.0 0.00

1001 42.5 103.4 2.11
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A M L P  C T # 4

Unit Size = 33 HM
Ir.creiental Heat Rate, 501 -1001 = 9,372 Btu/Mh
Heat Rate at 501 1 13,475 atu/kHh

Existing Transfer Lisit, Output = 61 ffl
New Transfer Lir> -.nut - 139 !W

Available Ancncraae :pm = 35 HH ! wtd.
EXISTING NEW ' 'Jnprct- Unprot-

Unit Loading

Average
Range
Load Loading 
Si Prob.

Range
Heat
Rate

Btu/tfn

Reshape
Req't

Weighted 
Reshape Gas Gas 
Savings Savings Savings 
Btu/XWh KBtu/hr KBtu/hr

Ri shape Reshape Gas 
Savings Savings 

fflh/Wh Btu/XWh KBtu/hr

Weighted 1 ected ected 
Gas S -> H S -> N 

Savincs ilransfer Transfer 
KBtu/hr i Hi W

0.01 5.01 0.83 0.001 191,432 1.00 182,060 150.2 0.00 1.00 182,060 150.2 0.00 3.0 0.00
5.01 10.01 2.48 3.001 70,059 1.01 60,602 150.0 0.00 1.00 60,661 150.1 0.00 0.0 0.00
10.01 15.01 4.13 0.001 45,784 1.02 36,241 149.5 0.00 1.01 36,360 150.0 0.00 0.0 0.00
15.01 20.01 5.78 0.001 35.381 1.02 25,794 149.0 0.00 1.01 25,943 149.8 0.00 0.0 0.00
20.01 25.01 7.43 0.001 2f 501 1.03 19,927 148.0 0.00 1.01 20,137 149.5 0.00 3.0 0.00
25.01 30.01 9.08 6.671 25,923 1.04 16,159 146.6 9.78 1.01 16,433 149.1 9.94 0.0 0.00
30.01 35.01 10.73 6.671 23,377 1.05 13,568 145.5 9.70 1.01 13,873 148.8 9.92 0.0 0.00
35.01 40.01 12.38 6.671 21,509 1.06 11,610 143.7 9.58 1.02 11,979 148.2 9.88 0.0 0.00
40.01 45.01 14.03 6.671 20,081 1.07 10,090 141.,K 9.43 1.02 1C,524 147.6 9.84 0.0 0.30
45.01 50.01 15.68 6.671 18,954 1.08 8,869 139.0 9.27 1.02 9,384 147.1 9.81 0.0 0.00
50.01 55.01 17.33 6.671 18,042 1.09 7,862 136.2 9.08 1.02 8,444 146.3 9.75 0.0 0.00
55.01 60.01 13.98 6.671 17,288 1.09 7,060 134.0 8.93 1.03 7,663 145.4 9.69 0.0 0.00
60.01 65.01 20.63 6.671 16,654 1.10 6,305 ’30.0 8.67 1.03 7,017 144.7 9.65 3.0 0.00
65.01 70.01 22.28 6.671 16,115 1.11 5,667 126.2 8.42 1.03 6,450 143.7 9.58 0.0 0.00
70.01 75.01 23.93 6.671 15,650 1.13 5,102 122.1 3.14 1.03 5,958 142.5 9.50 0.0 0.00
75.01 80.01 25.58 6.671 15,245 1.14 4,596 117.5 7.84 1.04 5,525 141.3 9.42 0.0 0.00
90.01 95.01 27.23 6.671 14,889 1.15 4,111 111.9 7.46 1.04 5,155 140.4 9.36 0.0 0.00
35.01 90.01 28.88 6.671 14,574 1.16 3,691 106.6 7.11 1.04 4,813 139.0 9.26 0.0 0.00
90.01 95.01 30.53 6.671 14,293 1.17 3,357 102.5 6.83 1.04 4,504 137.5 9.16 0.0 0.00
95.01 100.01 32.18 6.671 14,040 1.18 2,970 95.6 6.37 1.05 4,237 136.3 9.09 0.0 0.00
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AmUysu North 138 kV Intc'ije Review

S u m m a r y  for All Units

I ' n i t  Mane

i
i
; P ro b . j 
M a rg in a l i

-  -  E x is t in g  -  -  i 
i j ig n t e d  i 

Reshape Reshape | 
S av in g s S av in g s i 
MBtu/hr MBtu/hr i

- - - M e w ..............................E x is t in g  -  -
Weighted ; W eighted 

Reshape Reshape i U n p ro t. I’n p r o t . 
S av in gs S av in g s iT r a n s fe r  T ra n s fe r  
H B tu /h r MBtu/hr | MW MW

Be luga CC/8 i 3? .51| 36.2 13.6 1 103.4 33.3 4.33 1.62

AMLP CC/56 •7.511 69.8 26.2 j 104.7 39.3 2.04 0.77

Be luga CT/3 5.011 36.2 1.8 | 79.7 4.0 0.98 0.05

AHLP CT/8 9.011 58.1 5.2 | 142.5 12.8 5.14 0.46

B e luga  CT/5 3. n i | 42.5 3.4 | 103.4 8.3 2.11 0.17
AMLP CT /4 3.01| 126.6 3.8 | 143.9 4.3 0.00 0.00

54.0 107.4 3.07
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