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Vice President
Government and Community Affairs

Department of Commerce and
Consumer Affairs

Division of Consumer Advocacy

250 S. King Street, 8th Floor

Honolulu, Hawaii 96813

Attention: Ms. Cheryl Kikuta

Subject: HECO Adequacy of Supply dated January 31. 2003

Dear Ms. Kikuta:

Attached are HECQ'’s responses to the Consumer Advocate’s information requests
submitted by letter dated March 17, 2003.

CA-IR-1 Ref: Adequacy of Supply report, dated January 31, 2003.

Footnote 3, page 2 of HECO’s Adequacy of Supply report, dated January 31, 2003,
states that:

Also included in HECO’s capacity planning criteria is a reliability
guideline. The guideline states: “Capacity planning analysis will
include a calculation of risk (Loss of Load Probability) in years per

day for each year of each plan of the long-range expansion study.
In cases where risk is calculated to be less than 4.5 years per day,
the plan will be reviewed by the Vice President of Power Supply and

the President for approval of use of the plan in the study.”

Please provide a discussion on the following aspects of the Company’s use of
“loss of load probability™:

a.

1. Please confirm that HECO’s use of a 4.5 years per day factor for loss of
load probability represents the threshold of an allowable instance of at
least one day every 4.5 years where system peak exceeds the system

generation capacity.
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Please confirm that HECO’s criteria means that, if the resulting loss of
load probability is less than 4.5 years per day, the Vice President of Power
Supply and President of HECO must approve the plan before it is used
because that lower factor (which translates into higher reliability) would
probably entail greater capital investment costs or capital investments
being spent sooner than under HECO’s other generation planning criteria.

Please provide examples using actual or hypothetical examples of HECO’s
loss of load probability calculations.

b. Please explain how the Company determined the threshold for the Joss of load

probability of 4.5 years per day. Please include the workpapers and/or
documentation used to determine the threshold as well as industry standards

relied upon, if any.

Please explain why HECO has included this reliability guideline in its capacity
planning criteria.

d. Inresponse to TGC-RIR-1001e. in Docket No. 99-0207, HELCO stated that:

g

A Loss of Load Probability (LOLP) guideline would be
expected to result in generating units being added sooner than
with [HELCQ’s] current criterion. Sooner unit additions, while
increasing the reliability of the generating system by reducing
the probability of loss of load, would result in higher costs for
customers. HELCO has not made a determination that the cost
to its customers of adding generation based on an LOLP
guideline is necessary at this time, or that the benefits would

outweigh the cost.

Please confirm that HECO’s Loss of Load Probability guideline is still not
part of HELCO’s capacity planning criteria for the reasons discussed in the
response to TGC-RIR-1001e., in Docket No. 99-0207.

Please confirm that HECO’s Loss of Load Probability guideline is not part
of MECO’s capacity planning criteria and, if so, please explain why
HECO’s Loss of Load Probability guideline is not part of MECO’s
capacity planning criteria.

HECO’s 2002 Evaluation Report Regarding Integrated Resource Planning,
dated December 2002 filed in Docket No. 95-0347 concluded that the next
generating unit is still projected to be required in 2009.
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Response:  a.
b.

g

1.

3.

(a) Please confirm that the Loss of Load Probability guideline was used in
HECO’s capacity planning criteria to determine that the next
generating unit is projected to be required in 2009.

(b) Please confirm that HECO’s generation planning criteria consists of
the factors listed in response to TGC-RIR-1007a. If HECO’s
generation planning criteria have been revised, please provide the
revised criteria.

(c) Please identify when the next generating unit would be required in
HECO’s system if the Loss of Load Probability guideline was
excluded from HECO’s generation planning criteria.

Please identify when the Company included the reliability guideline listed
above in its capacity planning criteria.

HECO’s use of 4.5 years per day loss of load probability represents the
threshold of an allowable instance of a maximum of one day every 4.5
years where the system peak exceeds available generation.

A loss of load probability (LOLP) value lower than 4.5 years per day
would mean that the system is less reliable than it would be if the LOLP
were at 4.5 years per day. For example, if the LOLP value is 2.0 instead of
4.5 years per day, there is a probability that the system peak would exceed
available generation (due to forced outages of multiple units) once every
2.0 years instead of once every 4.5 years. Therefore, the system is less

reliable.

If the LOLP value is forecasted to be less than 4.5 years per day, the Vice
President of Power Supply and President of HECO must approve the plan
before it is used because there is a higher risk that customers may
experience an interruption in service compared to when the LOLP is at 4.5

years per day.

Please see Attachment 1 for a numerical example.

In the late 1950s and early 1960s, the electric utility industry began using
probability methods in generation planning, in addition to providing for the
loss of largest unit and a minimum amount of margin. In 1962, HECO
commissioned Commonwealth Associates, Inc., to conduct a study of the
HECO system and to recommend the criteria to be used for planning
generating unit additions. In its report, Commonwealth Associates
recommended the Company work toward an index of reliability of seven to ten
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years per one day loss of load but not less than two in any year. This was
considered acceptable by much of the utility industry on the mainland.

In 1965, the probability criterion for HECO generation planning was added,
which specified a minimum risk of two years per day. In 1968, in an effort to
move toward the recommended reliability level of seven to ten years per one
day loss of load, the reliability level was increased to 4.5 years per day.

Increasing the reliability level from 4.5 years per day to seven to ten years per
day would require that generation capacity be added to the system sooner such
that reserve margins could be increased. Doing so would require a higher
commitment of financial resources and would result in higher rates for
consumers.

Since 1968, the HECO generation planning reliability threshold has remained
at 4,5 years per day.

Please see attached reference materials for more detailed information:

i)  Generation Planning Criteria History, Presentation to PUC Staff,
May 19, 1972. {See Attachment 2.)

ii) Testimony of J. F. Richardson, Ir., Public Utilities Commission
Hearing, 1975 Hawaiian Electric Company, Inc. Capital Budget,
March 18, 1975. (See Attachment 3.)

iii) Commonwealth Associates, Inc., System Generation Reserve Study,
Hawaiian Electric Company, Limited, Engineering Report R-920,
July 1962. (See Attachment 4.)

HECO included a reliability guideline in its capacity planning criteria because
(1) probabilistic analyses provided a more comprehensive means of assessing

generation system reliability and (2) probabilistic planning methodologies for

capacity planning were commonly being used in the electric utility industry on
the mainland.

1. Yes, HECO’s Loss of Load Probability guideline is still not part of
HELCO’s capacity planning criteria for the reasons discussed in the
response to TGC-RIR-1001, subpart ¢, in Docket No. 99-0207.

2. Yes, HECO’s Loss of Load Probability guideline is not part of MECO’s

capacity planning criteria for the reasons discussed in the response to
TGC-RIR-1001, subpart e, in Docket No. 99-0207.
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Yes, the Loss of Load Probability guideline of 4.5 years per day in
HECO’s capacity planning criteria was used to determine that the
next generating unit is projected to be required in 2009.

HELCO’s response to TGC-RIR-1007, subpart a, indicated that
HECO's capacity planning criteria included a Load Service
Capability Criterion, a Quick Load Pickup Criterion and a Reliability
Guideline. These components are still included in HECQ’s capacity
planning criteria.

if the Loss of Load Probability guideline were excluded from
HECO’s generation planning criteria, it is estimated that the next
generating unit would be needed in 2012.

4. Please refer to the response to subpart b above.

May 14, 2003
Page 5
3. (a)
(v)
{c)
Attachments

Sincerely,

oo oA S

cc: Public Utilities Commission
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HECO Adequacy of Supply, Dated January 31, 2003

Sample Calculation of Loss of Load Probability for HECO

The Loss of Load Probability (LOLP) calculation quantifies the probability that a particular
generating system will be unable to serve a given demand. The calculation uses the following

inputs:

normal capability rating of each generating unit;
equivalent force outage rate (EF OR) for each generating unit;
maintenance schedule for each generating unit and
peak demand in each day.

The calculation treats the forced outages of generating units as random and independent events.

To illustrate the calculation, consider a system consisting of three generating units (for
simplicity, maintenance schedules are not considered):

Table 1

Characteristics of Generating Units in a Hypothetical System

Equivalent Forced

In-Service Rate

Capacity, MW Outage Rate (EFOR) (1 - EFOR)
Unit A 50 0.05 0.95
Unit B 100 0.07 0.93
Unit C 200 0.10 0.90
Total 350
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Table 2
All Possible Forced Outage States on the System
Units on Units n
Forced Outage MW on Service
A | B[ C |ForcedOutage| A | B ] C Probability of Particular State

None 0 X X1 X 0.95x0.93x0.90 = i 0.7952
X 50 XX 0.05x093x0.90= P 0.0419
X 100 X X 095x%0.07x090=_ | 0.0599
X 200 X1 X 0.95x0.93x0.10= | 0.0884
X X 150 X 0.05x0.07x0.90 = 0.0032
X X 250 X 0.05x0.93x0.10= 0.0047
X X 300 X 0.95x0.07x0.10 = 0.0067
X[ XX 350 None 0.05x0.07x0.10= 0.0004
l l | _ , [ , _ Sum= { 1.0000

Suppose a determination must be made of the probability that a 220 MW peak demand could not
be served with the given system on a particular day. First, all states in which there are less than
220 MW in service must be identified. Then the probabilities of those states must be summed.

Table 3
Probability that a 220 MW Peak Demand Could Not Be Served
MW on MW in Probability of | 220MW
Forced Outage Service State Service? Probability

0 350 0.7952 Yes

50 300 0.0419 Yes

100 250 0.0599 Yes
200 150 0.0884 No 0.0884
150 200 0.0032 No 0.0032
250 100 0.0047 No 0.0047
300 50 0.0067 No 0.0067
350 0 0.0004 No 0.0004
!, , 1.0000 Total=] 0.1032

Therefore, there is a probability of 0.1032, or about a 10% chance, that 2 220 MW peak demand
on a particular day could not be served.
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The above example illustrates the calculation for a particular day. The resulting probability value
can be interpreted to mean 0.1032 days per day that a 220 MW demand could not be served. The

concept can be expanded to cover a series of days.

Suppose a series of days, each with a particular peak demand is considered, as shown in Table 4.
The calculation would be as follows;

Table 4
Probability that Peak Demand Could Not Be Served

Peak Demand,
Day MW Probability of State

Sunday 140 | | i | 10.0047 + 0.0067 i+ 0.0004 =] 0.0117
Monday 280 0.0599 i+| 0.0884 |+ 0.0032 1+ 0.0047 [+| 0.0067 |+] 0.0004 |=| 0.1630
Tuesday 240 | 10.0884 |+ 0.0032 |[+| 0.0047 [+ 0.0067 i+ 0.0004 |=| 0.1032
Wednesday 220 | |0.0884 |+ 0.0032 |+ 0.0047 |+ 0.0067 +] 0.0004 |=] 0.1032
Thursday 260 0.0599 +| 0.0884 |+ 0.0032 [+ 0.0047 + 0.0067 |+] 0.0004 |=] 0.1630
Friday 290 0.0599 [+ 0.0884 |+ 0.0032 |+| 0.0047 i+ 0.0067 I+ 0.0004 |=| 0.1630
Saturday 130 | | | 10.0047 [+ 0.0067 [+ 0.0004 |=] 0.0117
Total = | | | | ! ] B 10.7186

The calculation indicates there is probability of about 0.72 days over a period of seven days (or
0.72 days per week) that the demand will not be served. This is about equal to 0.72/ 7 =0.103

or about a 10% chance over the seven-day period.

If the peak demand for every day of an entire year is known, then the calculation can be
performed for the entire year. The result wouid be expressed in terms of days per year.

HECO uses a program, called PREL, to perform this type of LOLP calculations for its system,
PREL is a module of PMONTH, which is a production simulation computer model used by
HECO, HELCO and MECO, and which was developed by PPlus Corporation.

Typical values resulting from the LOLP calculations are fractions of a day per year, HECO long
ago adopted a convention of taking the inverse of the result such that the units would be in years
per day. This is primarily because greater reliability values resulted in higher values so that
people could more easily understand the reliability numbers in terms of “bigger is better.” For
example, a system may have an LOLP of 10.0 years per day under a given set of conditions and
an LOLP of 5.0 years per day under another set of conditions. The system with an LOLP of 10.0
years per day is more reliable than the system with an LOLP of 5.0 years per day.
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System Planning Department
Generation Planning Criteria History
Presentation to PUC Staff May 19, 1972
The criteria used for planning the generating capability to
serve the predicted load has varied considerably over the
years. With each change the system was planned to have
greater reliability. Each of these changes instituted

additional capital cost to the company.

During World War II some of the company's load was served by
Pearl Harbor Naval Shipyard and by a power barge, the '
Jacona. From 1947 until about 1955, generation capability”
of the system was adeguate only to serve the peak load and
Provide for maintenance or overhaul of each generxating unit
tWo to six weeks each vear., This does not provided for a

very reliable system because at any time one of the

generating units may have a forced outage.

Beginning in 1956 we began to add capabilitv to the system
such that with the forced outage of 2 unit in service a2t the
time of the evening peak we would still be zble to carry
system load. t the beginning of this period we provided -
fior the loss of about 25 mw, or the capability c¢f our

smallest unit, and gradually increased this so that bv 1964

we were providing for the loss of 83 mw, the maximum



L

o ATTACHMENT2
PAGE 2 OF 3 ‘

capability of any unit at that time. During this period the

system load grew from 204 mw to 426 mw.

The criterion of providing for the loss of the largest unit
was used by mainland utilities of comparable size (1957 EETI
publication on system planning practices). Small utilities
tended to use a loss of largest unit while large companies

tended to use a percentage margin.

In the late 1950's and early '60's the industry began using
probability methods in generation Planning, in addition to
providing for the loss of the largest .unit and a minimum
amount of margin. Utilizing probability mathematics, the
probability of simultaneous combinations of units being out
of service due to fcrced outage such that insufficient
generating capability will be available to meet the svstem
peak load is computed to give the Reliability Index. The

Index is stated in veers per day.

'g

In 1962 we requested the consuvlting firm, Commonwezl+th
Associates, Inc., of Jeckson, Michigan, to make a study of
the Hawaiian Electric system and recommend the criteria to -
be used for Planning generating unit adéi*ions. In their
report, Commonweslth Associates recommended the company work
toward an index of reliability of seven to %en yYears per one

day loss of load but not less than two in any year.
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In 1965 the probability criterion for generation Planning
was added, which specified a minimum risk of two Years per
day. This meant that multiple outages of generating units
might necessitate interruption of load one day every two

years. Or, the chances of having to drop load were one in

520 on any week day.

Since 1968, generation planning has been at a level of
reliability of 4.5 years per day. We planned (in 1972) to
increase the level of reliability to between 7.0 angd 10.0,
a2s recommended by Commonwealth Associates, and as considered
acceptable by much of the utility industry on the mainlang,
a@s our company financing and earnings will permit us to do

S0O.
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TESTIMONY OF J. F. RICHARDSON, Jr.
PUBLIC UTILITIES COMMISSION HEARING
19975 HAWARIIAN ELECTRIC COMPANY, INC. CAPITAL BUDGET
MARCH 18, 1975

At the end of 1974, the total generating capacity on the

Hawziian Electric Company. system was 1,209,400 kw. Approxi-

. mately 15% of this capacity is installed at the,Honolulu plant,

41% at the Kahe plant, and 44% at the Waiau plant. With the
present predicted system peaks through 1979, as discussed by

Ken Stretch, we will not require additional generating capacity .

until 19783.

Over the years, Hawaiian Electric has developed criteria
for determining when new generation should be added to the
system. These criteria have been changed periodically as the

total system load has grown and as it has become more critical

"that a higher degree of reliebility of service should be main-

tained. Because of the isolation of our system from neighbor-

ing utilities for interconnection purposes, it has been
g

necessary to maintain considerably more generation maxgin
than mainland utilities.

The two basic criteria now being used for planning the
installation of additional.generating capacity on the Hawaiian
Electric éystém are s follows:

1. Tétal system capacity must be egual to or greater

+han the sum of the peak load, the capacity of
units scheduled for maintenance, and the capacity
lost by the forced outage of the largest operating

unit.
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2. Total system capacity must be sufficient to provide
an Index of Reliability of at least 4.5 years per day.
The Index of Reliability is derived from probability
mathematics and gives an iq@ication of the relative probability
that there will be insufficignt generating capability to meet
the system peak load due to ‘the simﬁltaneous combination: of
units being out of servieg due to forced outage. The Index
is stated in years per day. An Index of Reliability of 4.5
years per day means that there is a probability that there
will be insufficient generation to meet system peak load once
in 4.S'years. F
+In 1962 we reguested the consulting fixm éf Commonwealth
Associates, Inc., of Jackson, Michigan, to make a study of
the Hawaiian Electric system and recommend the criteria to
be used for planning generating unit additions. 1In their
report, a copy of which was made available to the Commission,
Commonwealth Essociates recommended the company work towarad
an .Index of Reliability of seven to ten years per one dav loss
of load but not less than two in any year. F
Generation planning hes two basic objectives. The first
is to determine how much generation will be needed in future
years, aﬁ@ this is where the generétion criteria come into
play. ' This objective is largely a matter of-establishing
sufficient future generation reserve capacity to give adequate
system reliability,
The second cbjective is to establish what kinds of generation
should be added, the mix of different kinds, and the sizes

of individual units. The choice is a matter of economics,
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the combination resulting in the lowest cost of electricity
to the customer being the plan followed.

Generation planning meéhods revolve around three basic
processes: first, capacity and probability calculations by
which the reliability of a system can be measured ang planned;
second, production costing simulation technigues which allow
an estimate to be made of future fuel, operatiog, and mai;tehance
costs; and third, a calculation of the fixed carrying charges
on investment in new generation. These methods have been
developed to a high degree of sophistication within the
industry, and Hawaiian Electric has developed its own computer
program models to take into account the uniqueness of an
isolated sygtem. .

During the next five years the generation margin will
decrease ffom 34% in 1975 to 15% in 1978, and increase to 22%
in 1979 when Kahe 6 is included. During this period it is
anticipated that our index of reliebility will stay above the
4.5 years per day.we have been zble to maintain beginning in

—

1970.
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SYSTEM GENERATION RESERVE STUDY

HAWAIIAN ELECTRIC COMPANY, LIMITED

Engineering Report R-920

HAWAIIAN ELECTRIC CO., INC.
ENGINEERING LIBRARY

HONOLULY, HawaAl
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SSOCIATES - INC 209 E WASHINGCTON AVE,
JACKSON, MICLIGAN

STarr A-SHT

July 20, 1962

Mr. Ralph B. Johnson, President
The Hawaiian Electric Company
Box 2750

Honolulu 3, Hawaii, USA

Dear Mr. Johnson:

In response to your letter of April 24, 1962, to Mr. W. B.
Tippy, we have made a study of your generating reserves in accord-
ance with the scope which was discussed with Mr. C. H. Williams
and confirmed in my letter to him on May 1, 1962. It was also
agreed that we should use the computer programs and services of the
Westinghouse Manufacturing Company. Attached are five copies of
Report R-920 covering the results of this study.

The use of probability methods for studying plans of genera-
tion additions results in an index of reliability which must be compared
with costs to evaluate the various plans. While this is the most com-
prehensive approach to the problem and the method which is gaining
greater acceptance, there is still a great deal of judgment left to
determine the critical value of a satisfactory reliability index. A review
of experience and practice indicates a rather wide range of index values
from 2 to 30 (years for one-day loss of load) being used by various
utilities. A range of 7 to 10 appears to be the mode and ihis has been

used as a reference in the report.
The conclusions given in the report are as follows:

1. The Hawaiian Electric Company has experienced forced outage
rates which are much lowerthan the national average.

2. TForced outage rates over the long term for The Hawalian
Iileciric Company are not expected to be significantly different from the
national averages on the United States mainland for oil-fired units of
«<imilar design. Therefore, higher forced outage rates should be antici-
pated and generation planning should be based on these rates.
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3. ' The Hawaiian Electric Company index of reliability for the
1956-1961 period based on the expected forced outage.rates as derived

.in this report was lower than that normally considered adequate. Like-

wise, the reliability based on the lower experienced forced outage rates
was also inadequate.

4. Based on the expected outage rates, Budget Plans 1 and 2
for the 1962-1970 period yield a higher index of reliability than has
been experienced in the past; however, the systiem reliability provided
by all plans is below the index generally considered acceptable.

5. If generating units that are large with respect to system load
are installed as proposed in the four budget plans, a low index of
reliability must be anticipated unless additional reserve capacity is
installed.

It is our understanding that this report may be considered
preliminary or Phase 1 to be followed by studies of alternate plans,
depending on your decision as to whether the reserves provided by any
of the plans are considered as satisfactory. As a result of this study
it appears that the system reliability may be improved by the instal-
lation of peaking capacity. It may even be possible to reduce the capital
expenditures during this period while increasing the system reliability.
This would involve a study comparing the economics and index of relia-
bility of alternate plans of generation expansion.

We should be glad to discuss this with you further at your
convenience.

Yours very truly,

[ RV > =7
M. C. Westrate
MCW/mhn
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SYSTEM GENERATION RESERVE STUDY

THE HAWAIIAN ELECTRIC COMPANY, LIMITED

1°repared by
Commonwealth Associates Inc.

Jackson, Michigan
July 1962

mbin Engineering Report R-920
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SYSTEM GENERATION RESERVE STUDY

A study has been made comparing The Hawaiian Electric Company
generating reserves and system characteristics with mainland utility
reserve criteria. Generation reserves for a 15-year period from 1956
through 1970 were analyzed utilizing the four proposed budget plans of
generator additions in the future years.

SCOPE
The Scope of this study includes the following:

1. Discussion of current system planning practices used on the
United States mainland for determining required generation reserves.

2. Determination of expected forced outage rates for The Hawalian
Electric Company's present and future generators.

3. Determination of loss of load probabilities for a 15-year period
from 1956 through 1970, using the Westinghouse Powercasting Program,
for each of the four budget plans of future generator additions.

4. Preparation of a report analyzing the results of the study and
including conclusions.

SITUATION

The Hawaiian Electric Company supplies power to the Island of
Ozhu. In 1961, thc system peak lozd was 341 megawatts. The system
generation is located at the Honolulu and Waiau Stations. Following the
1961 installation of Waiau Unit 6, a 50 megawatt unit, the system net
generating capability was 457 megawatts, as shown on Exhibit 1. With
the exception of ties to several plantations which have small turbine-
generators and to the generating station which supplies a portion of the
Pearl Harbor load {the remaining requirements are purchased from The
Hawaiian Electric Company), there are no interconnections with outside

sources of power.

The annual peak loads that occurred during the 1956-1861 portion
of the study period are shown on Exhibit 2. During this period, 50 mega-
watt units were installed in 1957, 1959 and 1961, and the generation
reserves at the time of system peak varied from 28 percent to 50 percent

as shown on Exhibit 2.
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BASIS OF STUDY

The predicted peak loads, four budget plans of generator
additions, and maintenance schedule for this study were supplied by

The Hawaiian Electric Company.

PREDICTED PEAK LOADS

The predicted peak loads for the years 1962 through 1970 are

as foliows:
Predicted Peak

Year Load - Mw
1962 369
1963 399
1964 430
1965 465
1966 502
1967 542
1968 585
1969 632
1970 683

BUDGET PLANS OF GENERATOR ADDITIONS

All of the budget plans schedule commercial operation of Kahe
Unit 1, 2 75 megawatt. unit, March 1, 1963. Following the installation of
this unit, the various plans install three additional 75 megawatt units or
a second 75 megawatt unit and two 100 megawatt units. The 75 megawatt
and 100 megawatt units are expected to have a maximum net capability
of 82.5 megawatts and 110 megawatts, respeclively.

Budget Plan 1, as shown on Exhibit 3, places a second 75 mega-
watt unit, Kahe 2, in commercial operation November 1, 1964, Kahe
Units 3 and 4 are rated 100 megawatts each and are scheduled for com-
mercial operation November 1, 1966, and November 1, 1868, respectively.
Iexhibit 3 indicates that generation reserves increase from about 24 percent
in 1962 to 46 percent following the installation of Kahe 3 in 1966 and sub-

suquently.decrease to about 23 percent in 1970.

Budget Plan 2, shown on Exhibit 4, is based on Kahe Units 2, 3
and 4 being 75 megawatt units placed in commercial operation November 1,
1o, 1966 and 1968, respectively. During the period 1962-1970, see
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Exhibit 4, generation reserves increase to a maximum of about 45 percent,
following the installation of Kahe Unit 2 in 1964. In succeeding years, this
plan's generation reserves decrease to about 15 percent in 1870 if no gen-

eration is installed in that year.

Budget Plan 3, as shown on Exhibit 5, places a second 75 mega-
watt Kahe Unit 2 in commercial operation March 1, 1965, Kahe Units 3
and 4 are scheduled for commercial operation March 1, 1967, and
March 1, 1969, respectively, and are 100 megawatt units. In this plan,
generation reserves for the 1962-1970 period vary from a maximum of
about 35 percent, following the installation of Kahe Unit 1, to 2 minimum
of 23 percent in 1970.

Budget Plan 4 is based on the installation of 76 megawatt gen-
erators for Kahe Units 2, 3 and 4. These units are to be placed in com-
mercial operation March 1, 1865, 1967 and 1069. As shown on Exhibit 0,
{he maximum reserve at the time of system peak is 35 percent, following
the installation of Kahe Unit 1 in 1963, and subsequently decreasestoa
minimum reserve of about 15 percent if no generation is installed in 1970,

MAINTENANCE SCHEDULE

In the determination of the loss of load probabilities for the four
budget plans of generator additions, using the Westinghouse Powercasting
Program, maintenance can be based on a fixed schedule, or the computer
program can develop a maintenance schedule on a constant or minimum
risk basis. After considering these methods of handling maintenance, it
was decided to use a fixed maintenance schedule because it eliminated
any variation in the comparison and would not penalize any of the plans.
Thercfore the fixed maintenance schedule shown on Exhibit 7 was used

in this study.

GENERATION RESERVE PLANNING PRACTICES

On electric utility systems, it is generally the practice to pro-
vide sufficient generation to supply the system load with an adequate
margin to allow for scheduled and reasonable unscheduled generator
omtages. In system planning, one of the fundamental problems is the
Jdetermination of the amount of reserve capacity that is required to yield
an ncceptable index of reliability. On the U.S. mainland, several criteria
a1 used by the major utilities to determine the required system generation
“exerves. The three basic methods used for this purpose are (1) largest
unit, (2) percentage reserve and (3) probability.
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LARGEST UNIT METHOD

One criterion for determining the proper generation reserve is
based on maintaining sufficient generating capacity to provide for the loss
of some multiple of the largest unit at any time. Historically, this is
perhaps the oldest criterion used for generation planning purposes. At
first, all companies were isolated or loosely interconnected and had to
supply their own generation reserves to provide backup for forced and
scheduled maintenance outages. At that time, it was not economically
feasible for an individual company to supply backup for units that were
large in relation to the total installed capacity. Therefore, small units
were installed to hold reserves to a minimum while providing for the
loss of some multiple of the largest unit. Also, as long as the largest
units available were moderately sized and the dollars per kilowatt
savings were not appreciable, it was economical for many companies to
utilize smaller units. However, with the dollar per kilowatt savings now
available, there appears to be a trend toward installing larger units and
reducing the multiple of the largest unit planned for as reserve capacity.
This has been made possible by many of the companies becoming inter-
connected or by strengthening existing interconnections to permit sharing
installed reserves. '

A survey of a number of the major utilities indicated that about
15 percent still use some multiple of the largest unit for determining
reserve requirements. In some cases, planning is based on a multiple
of the largest unit plus a fixed percentage (2 to 3 percent) of the estimated
peak load. Approximately 9 percent consider the largest unit out of service,
and about 4 percent utilize 1-1/2 times the largest unit. Most of these
companies are well interconnected with neighboring utilities. Only 2 per-
ceni plan system generation on the basis of the two largest units out of '
service, and in these cases they are not as well interconnected.

PERCENTAGE RESERVE METHOD

In the percentage reserve method the determination of the proper
peneration reserve is based on maintaining a certain minimum percentage
uf the estimated peak load as reserve capacity. As companies became more
lascly interconnected to permit sharing of reserve capacity, it became
rensible to utilize the percentage method. This sharing allowed companies
10 install larger units without. the inherent disadvantage of increasing their

installed reserves,
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The percentage reserve method provides a means for determining
the relative reserves for all companies in an interconnected group or pool
where the size of new units will greatly exceed the reserve of the individual
companies. The actual percentage selected is based on the number and
size of units, load diversity and experience of the interconnected companies.
The percentage is generally between 10 and 15 percent for well intercon-
nected systems. The survey shows that approximately 55 percent of the
utilities on the U.S. mainland use the percentage reserve method for
capacity planning purposes,

PROBABILITY METHOD

The complexity of the generation reserve problem has resulted
in the development of methods of analysis which permit a systematic
evaluation of all important factors. Probability mathematics allow
the system planner to acknowledge forced outages of generation to
evaluate the relationship between system reliability and such factors as
the size and timing of generation additions, the accuracy of load fore-
casts, load duration characteristies and maintenance schedules,

The survey indicated that about 30 percent of the utilities use
probability methods to determine system capacity requirements. Some
of these use probability in combination with some type of percentage
reserve method as the basis of capacity planning. It appears that proba-
bility methods have obtained wide acceptance in the industry, and that
the trend is toward the application of this method to system planning
problems.

In the survey, the standard of service reliability used to determine
the required reserves varies from 2 years to 30 years for one-day loss
of load. At the present time the most generally accepted range appears to
be from 7 to 10 years for one-day loss of load. However, on utility systems
that have a relatively small number of generating units, with the largest
unit being about 20 to 30 percent of the annual peak load, the index of
reliability can be expected to vary considerably from year to year. In
this case, an average reliability of 7 to 10 years per one-day loss of load
is considered adequate, provided that the minimum index in any one year
is no Jower than 2 years.per day.

C"OMPARISON OF METHODS

Of the three criteria described, the largest unit and percentage
reserve methods of generation planning are based on rules of thumb  and
cxperience, which have been found to yield an acceptable level of service
veliability.  While these methods provide a straightforward approach, they
Ho not permit evaluation of the important factors in the complex generation
riescrve problem.
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Probability methods allow the system planner to systematically
analyze various plans of generator additions to determine which plan will
yield an acceptable standard of service most economically. The applica-
Lion of this relatively new technique should lead to generation planning
that is better than can be expected by the application of rule of thumb

methods.

APPLICATION TO THE HAWAIIAN ELECTRIC COMPANY

In the past, The Hawaiian Electiric Company generation planning
has been based on the largest unit method. Generation additions were
installed to maintain sufficient generating capacity to supply the system
load with an adequate margin of reserve to allow for one unit on scheduled
maintenance and the loss of the largest remaining unit. This method does
not permit analysis of the relationship between system reliability and such
factors as the size and timing of generator additions.

The use of probability methods will allow The Hawaiian Electric
Company to evaluate the effect of system variables on the required reserves.
Probability analysis will also facilitate investigation of the economic balance
between installed reserves and system reliability.

FORCED OQUTAGE RATES

The value of probability calculations depends materially on the
reliability of the forced outage rates used. The forced outage rate is the
fundamental quantity on which predictions of the future performance of the
equipment are based and must necessarily be obtained from previous experi-
ence with similar equipment. Therefore, it is important that sufficient
data is available to obtain stable forced outage values so thai the inclusion
of additional unit data would not result in a significant change in the forced

outage rate.

PAST EXPERIENCE

The average forced outage experience for The Bawaiian Electric
(‘ompany units is shown on Exhibit 8. This data has beenl accumulated
for a seven-year period from 1955 through 1961, for all units installed
prior to 1954, and for shorter periods for all subsequent units. As indi-
a1l on Exhibit 8, The Hawaiian Electric Company has experienced very

low furced outage rates.
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Several of the present units have experienced forced outages due
to stator coil failures and the manufacturer indicates that these failures
can be expected to continue. Thus far, the failures have occurred in the
top coils which are relatively easily repaired. However, failure of a
bottom coil would result in a forced outage of considerable duration.
Also, all units have integral steam chests and nozzle chambers. The
manufacturer has indicated that units of this design and operating at
steam temperatures of 850 F and higher are subject to cylinder cracking.
Mainland experience indicates that cylinder cracking can be expected to
occur regardless of whether the unit is operated as a base load unit or
is cycled frequently. While no forced outages have been experienced due
to cylinder cracking, approximately 80 percent of the total system gen-
erating capability is susceptible to this type of outage.

In view of the relatively short historical record and the above
possible causes of forced outages, the forced outage record in the future
will undoubtedly be higher than past experience. In fact, over the life of
ihe units, the forced outage rates for The Hawaiian Eleciric Company
units should not be expected to be significantly different from the industry
experience on the U.S. mainland for oil-fired units of similar design.

EXPECTED FORCED OUTAGE RATES

The expected forced outage rates for the turbine-generator-
condenser portion of The Hawaiian Electric Company units were derived
from outage data compiled by EEI for the period 1956 through 1960.

The boiler outage data that is readily available does not dis-
tinguish between the various methods of firing. Therefore, data from
a recent EEI survey of oil-fired units was obtained and used to deter-
mine the expected forced outage rates. Also utilities in New England,
I"lorida and Southern California were contacted to obtain additional
outage data for oil-fired boilers.

The expected outage rates for the present and future generating
units shown on Exhibit 9 were developed from the data for turbine-
penerator~condenser group and oil-fired boilers. Exhibit 10 graphically
ompares the expected outage rates with the 1955-1961 Hawaiian Electric
(‘ompany experience and the experience of the industry regardless of
the type of fuel.

It is understood that Honolulu 1 and 5 are multiple turbine and
Loviler installations, but were considered to be unit type installations
wiu-n the probability portion of the Powercasting Program for The
IHawniinn Electric Company was developed. Correspondingly, the forced
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outage rates shown on Exhibit 9 for Honolulu 1 and § were derived by
considering the various capacity outage factors for each plant. While
the unit approach for these plants is not correct, it does not appear that
this will materially affect the results of the study since this capacity
represents a small and ever-decreasing percentage of the total installed
capacity and is presumably operated as peaking capacity.

IMMATURE OUTAGE RATES

The application of probability methods to power system
problems is an analytical approach based on best available statistical
data. It must be realized that forced outages of system components
are assumed to be random events independent {from one another and
governed by the laws of chance. Also, probability theory only predicts
the average performance of system components over a long period of-
time. It cannot predict the performance of a given unit in a specific year.

Previous studies that have been made for The Hawaiian Electric
Company by Westinghouse, using the Powercasting Program, considered
that new units were immature for one year after installation. During
this period the outage rates were considered to be twice the mature

outage rate.

In this study only average outage rates were used. This was
done since the period of the study is short compared to the life of the
units, and the expected forced outage rates were derived based on the
average experience during their life. Therefore, the reduced reliability
of the units during their early life is reflected in the average outage rate

selected.

SYSTEM RELIABILITY

In this study, the system reliability was calculated using the
probability portion of the Westinghouse Powercasting Program. In this
program, the determination of the system reliability is based on the
probability of the available installed capacity being adequate to meet
the system load requirements. The measure of reliability is expressed
in years per day or the average interval in years per one-day loss of

load.
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1956-1961 RELIABILITY

The system reliability for the historical period was calculated
using the actual forced outage rates that were experienced during the
period (see Exhibit 8} and the expected forced outage rates derived in
this report and shown on Exhibit 8. The results of these probability
calculations are tabulated on Exhibit 11 and shown graphically on
Exhibit 13. The system reliability during these years can be summarized

as follows:

Reliability - Years Per One-Day Loss of Load
Using Experienced Using Expected
Forced Outage Rates Forced Outage Rates

Minimum 0.51 0. 23
Maximum 7.65 2. 88
Average 2,87 1.01

Based on the expected forced outage rates derived in this report,
the probability study indicated that the system reliability would have been
very low and a loss of load would have been expected to occur on the average
of once each year. The experienced forced outage rates during this rela-
tively short period were lower than the national average and correspondingly
the index of reliability was higher. However, the index was still lower
than normally considered adequate.

1962-1970 RELIABILITY

The system reliability provided by the four budget plans of
generator additions during this period is tabulated on Exhibit 12 and
shown graphically on Exhibit 13. The following is a summary of the
data shown on these exhibits:

Reliability - Years Per One-Day Loss of Load

_ Plan 1 Plan 2 Plan 3 Plan 4
Minimurn 2.12 1.88 0.96 G.75
Maximum 8.02 5.90 4.22 3.55
Average 4.13 3.43 2.45 2.11

The system reliability in 1970 is not included in the above
summary, since it appears that additional generating capacity may be
roequired in that year.
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Based on the outage rates derived in this report, the results of
the probability study indicate that none of the four plans yields an index
of reliability that would normally be considered adequate. Only Plans 1
and 2 yield a higher average index of reliability than has been actually
experienced in the past. However, each of the four budget plans yields
a higher index of reliability based on national averages than would have
been expected during the 1956-1961 period.

DISCUSSION

" The primary factors which influence system reliability in
addition to the forced outage rates are (1) number and size of generating
units, (2) amount of reserve generating capacity, and (3) scheduled
maintenance time. On The Hawaiian Electric Company system a large
portion of the generating capacity is concentrated in a few large units
which tends to decrease the system reliability. At the present time, .
65 percent of the generation consists of units that range in size from
715 to 18 percent of the system peak. This can be compared to the practices
of isolated mainland systems where the largest unit is only about 10 per-
cent of the peak load and only a few units this large are installed.

The Hawaiian Electric Company generation planning has been —
based on maintaining reserves equal to a maintenance outage of 25 mega- .
watts plus the largest unit at the time of system peak. Isolated mainland
systems generally plan reserves equal to twice the largest unit at the
time of system peak which will increase the relative reliability of these
systems. Also, The Hawaiian Electric Company's peak load variation
curve is relatively flat compared to similar winter or summer peaking
systems on the mainland. If the annual valley were more pronounced
the reliability would be improved because of higher reserves during the
maintenance period.

In view of the relatively low reliability provided by each of the
budget plans, an additional case was run for comparison purposes and to
demonstrate the effect of increasing generation reserves. Plan 4 was
rerun and increased reserves were simulated by reducing the annual
peak loads by 10 percent. In this case designated Plan 5, the reliability
during the 1962-1970 period as shown on Exhibit 12 varied from a
minimum of 8. 25 to a maximum of 64. 8] years per one-day loss of load.
‘I'he average reliability during the period was about 24 years per day
which indicates that the additional reserves were greater than required to
provide an average reliability of 7 to 10 years per one-day loss of load.



ATTACHMENT 4
PAGE 16 OF 31

11

CONCLUSIONS
As a result of this study, it is concluded that:

1. The Hawaiian Electric Company has experienced forced outage
rates which are much lower than the national average,

2. Forced outage rates over the long term for The Hawaiian
Electric Company are not expected to be significantly different from
the national averages on the U, S. mainland for oil-fired units of
similar design. Therefore, higher forced outage rates should be
anticipated and generation planning should be based on these rates,

3.  The Hawaiian Electric Company index of reliability for the
1956-1961 period based on the expected forced outage rates as derived
in this report was lowe¥ than that normally considered adequate. Like-
wise, the reliability based on the lower experienced forced outage rates

was also inadequate.

4. Based on expected forced outage rates Budget Plans 1 and 2
for the 1962-1970 period Yyield a higher index of reliability than has been
experienced in the past. However, the system reliability provided by
all plans is below the index generally considered acceptable.

5. If generating units that are large with respect to system load
lled as proposed in the four budget plans, a low index of relia-

are insta
st be anticipated unless additional reserve capacity is.installed.

bility mu
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1956-1961 period based on the expected forced outage rates as derived
in this report was lowetr than that normally considered adequate, Like-
wise, the reliability based on the lower experienced forced outage rates
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4. Based on expected forced outage rates Budget Plans 1 and 2
for the 1962-1970 period yield a higher index of reliability than has been
experienced in the past. However, the system reliability provided by
all plans is below the index generally considered acceptable.

5. If generating units that are large with respect to system load
are installed as proposed in the four budget plans, a low index of relia-
bility must be anticipated unless additional reserve capacity is.installed.
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Plant

1962 GENERATING CAPABILITY

Unit

Megawatts

Throttle Temperature
And Pressure

Degrees F

Honolulu

Plant Total

Waiau

Flant Total

Totel System Capability

() b - 10 megawatt turbines (Units 1, 2, 3 and 6)

O @@=\

o\ o O

651.4
700
900
950
950

825
825

S00
950
950
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Tarbine
Name Plate Net
Psig Rating Capability
265 Lo(a). 30
430 20 23
650 35 42
1250 Lo 55
1250 50 6o
210
650 7.5 8
650 15 18
850 Lo g2
850 Lo 52
1250 50 60
1250 50 27
27
Ls7




1956 - 1961
GENERATION, LOAD AND RESERVE CAPACITY

System Net Peak
. Capability Load

Unit Addition
Rating Capability
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Exhibit 2

Reserve Capacity

Year Unit Date Mw Mw Mw Mv M¢ % of Pesk
1956 28o 2ok 76 37.2
1957 Honolulu 9 12/9 50 €0 3L0 227 113 49.8
1958 3k0 248 9é 37.1
1959 Vaisu 5 10/9 50 60 Mels) 287 113 39.4
1960 4oo - 313 87 27.8
1961 Waiau 6 7/28 50 57 457 341 116 3Lk.0
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BUDGET PLAN 1
‘Generation .Expansion Pattern
Unit Addition System Net  Peak

Rating Capability Capability .Load = Reserve Capacity

Year Unit Date _ M Mw Mv Mw M« _% of Peak
1962 Ls7 369 88 23.8
1963  Kehe 1 3/1 75 82.5 5395 399 140.5  35.2
1964  Kshe 2 11/2 75 82.5 622 L30 192 44 .6
1965 622 kes 157 33.8
1966  Kahe 3 11/1 100 110 732 502 230 45.8
1967 732 sk 190 35.1
1968  Kshe & 11/1 100 110 8l2 585 257 k3.9
1969 8Lz 632 210 33.2
842 683 159 23.3

1970




BUDGET FLAN 2
Generation Expansicn Pattern
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Unit Addition System Net  Peek

Reting Capability Cepability  Losd  Reserve Capacity

Year Unit Date _ Mw Mw Mw Mw Mi__% of Peak
1962 457 369 88 23.8
1963  Kehe 1 3875 82.5 539.5 399 iko.5  35.2
1964 Kahe 2 11/1 75 82.5 622 430 192 Lk .6
1965 622 465 157 33.8
1966  Kehe 3 11/1 75 82.5 70k4.5 502 202.5 4o.3
1967 70h4.5 542 162.5 30.0
1968  Kahe L 11/1 75 82.5 787 585 202 34.5
1969 767 632 155 2h.5
1970 787 683 10k 15.2

[ A TTY

R -Q2N
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BUDGET PLAN 3
Generation Expansicn Pattern
Unit Addition System Net Peak
Rating Capability Capability Load Reserve Capacity
Year Unit Date Mw Mw Mw Mw Mw % of Peak
1962 45T 369 88 23.8
1963  Kahe 1 3/ 75 82.5 539.5 399  1k0.5  35.2
1964 ' 539.5 k30 109.5 25.4
1965 Kahe 2 3/1 75 82.5 622 k65 157 33.8
1966 , 622 502 120 23.9
1967 Kahe 3 3/1 100 110 732 542 190 35.1
1968 ‘ 732 585 1k7 25.1
1969 ¥ohe U 3/1 100 110 8he 632 210 33.2
1970 842 683 159 23.3

Chloe.  RK=Q20
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BUDGET PﬁAN L
Generation Expansion Pattern
Unit Addition System Net Peak

Rating Capability Capability Load Reserve Capacity

Year Unit Date Mw Mv Mw Mw M¢ % of Peak
1962 kst 369 88 23.8
1963 Kehe 1 3/L 75 82.5 539.5 399  1ko.5  35.2
196k . 539.5 430  109.5  25.4
1469 Kehe 2 3/ - 75 82.5 622 Lés 157 33.8
1966 - . 622 502 120 23.9
1967 Kehe 3 3/1 75 82.5 0L .5 s54h2 162.5 30.0
1968 Tok.5 585 119.5 20.4
10l Kohe & 3/1 75 aé.s 767 632 155 24.5
1970 - 787 683 10k 15.2

Ghlne. K-8
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Sheet 1 of 2
1956 --1961
MATNTENANCE SCHEDULE
Week Numbers (&)
Plant Unit 1956 1957 1958 1959 1.960 1961
Honolulu 1 29-32 33-34 33-3k 0 1-k g-11
Lo-43
5 34-36 30-32 37-L0O 0 5-8 6-8
) - 12
T 22-27 2L-29 9-16 o] 25-30 30
Lkg-52
8 15-20 23 17-19 8-12 9-10 31
9 - 0 0 3-6 11-14 0
Waiau 1 ' 41-42 11-13 33 30-31 L8-50 0
2 38-39 1L4-15 31-32 30-31 36-L0 0
3 10-13 19-21 26-30 13-20 16-19 4y -45
L 5-8 16-18 6-8 22-28 20-23 35-k0
20-25
5 - - - 0 31-35 33-3%
6 - - - - - 0

(n) For example Honolulu Unit 1 is on scheduled maintenance for the period
starting the 29th week and extending through the 32nd week in 1956.

Chloe,  R-920




Plant Unit 1962 1963
Honolulu 1 0 6-9
5 32-37  1-5
7 0 10-13
8 8-13 14-18
9  14k-17 25-31
Waiau 1 3-7  49-52
2 3-7 k.52
3 o 39-43
L 0 Li-48
5 ) 32-38
6  19-25 19;2h
Kehe 1 - o
o - -
3 - -
I - -

Chlne . R-Q20

1962 - 1870
MATNTENANCE SCHEDULE
Week RNumbers

1964
6-9

1-5
L§-52
10-1k

20-23

bo-L3
36-39
32-35
k-l
28-31

15-19

ah-27
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Sheet 2 of 2

1965 1966 1967 1968 1969 1970

5-8 5-8 5-8 5-8 5-8 L-6

-k 1 1k 1 1 g

b1-46  47-52  LK1-k6 u9-sp bs-48  37-39
2-13  9-12  9-12 912 9.2 7.0

20-23  17-20 17-20 17-20 17-20 15-18
k7-52  Lo-46  47-52  4o-43  Lg-sp  Lo-Lk
k7-52  bo-%6  L47-52  L40-43 k952 Lo_ll
33-36  33-36 33-36 37-39 37-b0  bLs5-48
37-40  37-39  37-b0  Wh-LB M1 bk Lg.s2
£9-32 29-32 29-32 33-36 33-36 34-36
1k-19  13-16 13-16 13-16 13-16 11-1k
2h-28 21-24  p1-24 2124 21.24 19-22
- 25-28 25-28 25-28 25-28 23-26

- - - 29-32  29-32  27-30

- - - - - 31-33
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1955 -~ 1961
EXPERIENCED FORCED OUTAGE RATES
PERCENT

Average
Annuel Outege Rate Qutege

Plant Unit 1955 1956 1957 1956 1959 1960 . 1961 Rate
Honolulu 1 10.00 6.75 0 ) 0 T2.05 0 12.70
5 0 0.82 0 2.62 0 ¢} o] 0.k49

T 0 0.86 0 0.92 8.53 o] 0.83 1.59

8 - 0 0.77 0 1.27 0 0 0.3k

9 - - - - 0 1.22 1.15 0.79

Waiau 1 0 0 0 0 0 1.10 0 0.16
2 0.48 0 2.86 0 0.41 0 0 0.54

3 0 0] 0.4l 0.l 0.90 0.h1 3.00 0.7k

[ 0 o 0.83 0.9h 0 0.82 0 0.37

5 - - - . - = 0.k4o 0.40

thlmg, R-Q20




Plant
Honolulu

Waiau

Kahe

¢Alnc. R-920

Unit

G\ o O \O M=\

FERLwwn -

EXPECTED FORCED OUTAGE RATES

Turbine
Name Plate

Rating - Mw
Lo
20

35
Lo

50

15

50
50

(¥
(£
75
iG0

7
100

Net
Capability
Mw

30
23
L2

55
€0

18
52
52

5T

83

83
110

110
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FORCED OUTAGE RATE - PERCENT

2.0

1.0

COMPARISON OF FCRCED OUTAGE RATES
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Exhibit .10

SITENL

INDUSTRY EXPERIENCE>/
ALL FUELS

W

-+ =
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| o

M
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AN
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\ ~walau s
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IEXPERIENCE

ELECTRIC COMPANY
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KN

CAlnc. R-G20

Year

1956
1957
1958
1959
1960

1961

1956 - 1961
SYSTEM RELIABILITY

Years Per One Day Loss of Load

Experienced Expected
Cutage Rates Qutege Rates
1.70 0.63
0.97 0.37
7.65 2.88
0.59 0.23
5.82 1.63
0.51 0.30
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Year

1962
1963
1964
1965
1966

1967

1968
1969
1970
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1962 - 1970
SYSTEM RELIABILITY
Years Per One Day Loss of Load
Plan 1 Plan 2 Plan 3 Plan 4 Flan 5 (a)
2.48 2.48 2.L8 2.48 17.57
2.12 2.12 2.12 2.12 13.20
2.51 2.51 0.96 0.96 .11.12
| 5.62 5.62 3.02 3.02 29.87
2.2 2.41 1.33 1.33 11.22
8.02 5.90 L.22 3.55 6L .81
2.73 1.88 1.49 0.75 g.kh
7.13 k.s0 3.99 2.68 50.25
1.35 0.29 1.35 0.29 8.25

(a) Plan 5 is the same as Plan 4 except that peaking capacity equal
to ten percent of the annual peek load has been installed.

CAlnc.
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1956 - 1970
SYSTEM RELIABILITY

RELIABILITY IN YEARS FOR
ONE DAY LOSS OF LOAD

8-0 BASED ON OUTAGE
o Ii RATES EA?(PERIENCED
: ] _
{
| [} il
4.0 T L PLAN 182y
i 7
[
2.0 ! /\ i | R /\\\\\T<’,’/
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BASED ON EXPECTED
QUTAGE RATES

0.2

1996 58 60 62 64 66 68 70
YEAR
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March 17, 2003

13714

Mr. William A. Bonnet

Vice President-Government and Community Affairs
Hawaiian Electric Company, Incorporated

P.O. Box 2750

Honolulu, Hawaii 96840-0001
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Dear Mr. Bonnet:

RE: Hawaiian Electric Company, Inc. — Adequacy of Supply Report, dated
January 31, 2003.

We would appreciate receiving responses to the attached submission of
information requests to facilitate our review in the above matter. In order to complete
our review, we would appreciate receiving your responses by April 7, 2003.

In you are unable to respond by this date or if there are any questions or
concerns regarding the information requests, please call Cheryl Kikuta at
(808) 586-2765. Your prompt attention to this matter will be greatly appreciated.

Sincerely yours,

Cheryl S. Kikuta
Acting Executive Director

CSK:mc
Enclosure

c: Public Utilities Commission



HAWAIIAN ELECTRIC COMPANY, INC.

FIRST SUBMISSION OF INFORMATION REQUESTS

INSTRUCTIONS

In order to expedite and facilitate the Consumer Advocate's review and analysis in the

above matter, the following is requested:

1.

For each response, the Company should identify the person who is responsible
for preparing the response as well as the witness who will be responsible for
sponsoring the response should there be an evidentiary hearing;

Unless otherwise specifically requested, for applicable schedules or workpapers,
the Company should provide hard copies of each schedule or workpaper
together with one copy of each such schedule or workpaper on electronic media
in a mutually agreeable format (e.q., Excel and Quattro Pro, to name two
examples); and

When an information request makes reference to specific documentation used by
the Company to support itS response, it is not intended that the response be
limited to just the specific document referenced in the request. The response
should include any non-privileged memoranda, internal or external studies,
assumptions, Company instructions, or any other relevant authoritative soufce
which the Company used.

Should the Company claim that any information is not discoverable for any
reason:

a. State all claimed privileges and objections to disclosure;




State all facts and reasons supporting each claimed privilege and
obiection;

State under what conditions the Company is willing to permit disclosure to
the Consumer Advocate (e.g., protective agreement, review at business
offices, etc.); and

If the Company claims that a written document or electronic file is not
discoverable, besides complying with subparagraphs 4(a-c), identify each
document or electronic file, or portions thereof, that the Company claims
are privileged or will not be disclosed, including the title or subject matter,

the date, the author(s) and the addressee(s).




HAWAIIAN ELECTRIC COMPANY, INC.

FIRST SUBMISSION OF INFORMATION REQUESTS

CA-IR-1 Ref: Adequacy of Supply report, dated January 31, 2003.

Footnote 3, page 2 of HECO's Adequacy of Supply report, dated
January 31, 2003, states that:
Also included in HECQO's capacity planning criteria is
a reliability guideline. The guideline states: “Capacity
planning analysis will include a calculation of risk
(Loss of Load Probabiiity} in years per day for each
year of each plan of the long-range expansion study.
In cases where risk is calculated to be less than 4.5
years per day, the plan will be reviewed by the Vice
President of Power Supply and the President for
approval of use of the plan in the study.”
a. Please provide a discussion on the following aspects of the
Company's use of “loss of load probability”:
1. Please confirm that HECO's use of a 4.5 years per
day factor for loss of load probability represents the
threshold of an allowable instance of at least one day

every 4.5 years where system peak exceeds the

system generation capacity.




r

2, Please confirm that HECO's criteria means that, if the
resulting loss of load probability is less than 4.5 years
per day, the Vice President of Power Supply and
President of HECO must approve the plan before it is
used because that lower factor (which translates into
higher reliability) would probably entail greater capital
investment costs or capital investments being spent
sooner than under HECO's other generation planning
criteria.

3. Please provide examples using actual or hypothetical
examples of HECO's loss of load probability
calculations.

Please explain how the Company determined the threshold

for the loss of load probability of 4.5 years per day. Please

include the workpapers and/or documentation used to
determine the threshold as well as industry standards relied
upon, if any.

Please explain why HECO has included this reliability

guideline in its capacity planning criteria.




d.

in response to TGC-RIR-1001e. in Docket No. 98-0207,

HELCO stated that:

A Loss of Load Probability (LOLP) guideline
would be expected to result in generating units
being added sooner than with [MELCO's]
current criterion. Sooner unit additions, while
increasing the reliability of the generating
system by reducing the probability of loss of
load, would result in higher costs for
customers. HELCO has not made a
determination that the cost to its customers of
adding generation based on an LOLP guideline
is necessary at this time, or that the benefits
would outweigh the cost.

Please confirm that HECO's Loss of Load Probability
guideline is still not part of HELCO's capacity planning
criteria for the reasons discussed in the response to
TGC-RIR-1001e., in Docket No. 99-0207.

Please confirm that HECO's Loss of Load Probability
guideline is not part of MECO's capacity planning
criteria and, if so, please explain why HECO's Loss of
Load Probability guideline is not part of MECO’s
capacity planning criteria.

HECO's 2002 Evaluation Report Regarding
Integrated Resource Planning, dated December 2002
filed in Docket No. 95-0347 concluded that the next
generating unit is still projected to be required in

2008.




(b)

(c)

Please confirm that the Loss of Load
Probability guideline was used in HECO's
capacity planning criteria to determine that the
next generating unit is projected to be required
in 2009.

Please confim that HECO's generation
planning criteria consists of the factors listed in
response to TGC-RIR-1007a. If HECO's
generation planning criteria have been revised,
please provide the revised criteria.

Please identify when the next generating unit
would be required in HECO's system if the
Loss of lLoad Probability guideline was
excluded from HECO's generation planning

criteria.

Please identify when the Company included the

reliability guideline listed above in its capacity

planning criteria.
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The Honorable Chairman and Members of the
Hawaii Public Utilities Commission

465 South King Street

Kekuanaoa Building, 1st Floor

Honolulu, Hawaii 96813

Dear Commissioners:

Subject:  Adequacy of Supply
Hawaiian Electric Company, Inc.

In accordance with paragraph 5.3a. of General Order No. 7, the following information is
respectfully submitted.

HECO’s 2002 system peak occurred on Thursday, October 3, 2002 and was 1,250,000
kW-gross or 1,204,000 kW-net based on net HECO generation, net purchased power generation,
the peak reduction benefits of energy efficiency demand-side management programs
implemented in mid-1996, and with several cogenerators' operating at the time. Had these
cogenerating units not been operating, the 2002 system peak would have been 1,270,000
kW-gross or 1,2%4,000 kW-net. Oahu had a reserve margin of approximately 32% over the 2002

system net peak.”

HECO’s 2002 total generating capability of 1,615,000 kW-net includes 406,000 kW-net
of firm power purchased from (1) Kalaeloa Partners, L.P.; (2) AES Hawaii, Inc.; and (3)

H-POWER.

HECO also has power purchase contracts with two as-available energy producers. Since
these contracts are not for firm capacity, they are not reflected in HECO's total generating

capability.

Attachment 1 shows the expected reserve margin over the next three years, based on
HECO’s Sales and Peak Forecast, dated August 2002, and on HECO’s latest estimate of
forecasted DSM impacts for 2002. Attachment 2 details the gross and net ratings of HECO units

[PP units.

: At the time of the peak. Tesoro, Chevron, and Pearl Harbor were generating an estimated 20,000 kW of power.

The reserve margin calculation takes into account the 5,000 kW lnleW?ll?r\%?‘:E(\)%n'ﬁdlé’%ng%% AWARD

FOR DISTINGUISHED INDUSTRY LEADERSHIP




The Honorable Chairman and Members of the
Hawaii Public Utilities Commission

January 31, 2003

Page 2

The following method is used to determine the timing of an additional generation unit:

The total capability of the system plus the total amount of interruptible loads niust
at all times be equal to or greater than the summation of the following:

a. the capacity needed to serve the estimated system peak load;
b. the capacity of the unit scheduled for maintenance; and

c. the capacity that would be lost by the forced outage of the largest unit in
service.

The method used to determine the timing of an additional generation unit accounts for
interruptible loads. HECO will not build reserve capacity to serve interruptible loads.

HECO’s generation capacity for Oahu for the next three years is sufficiently large to meet
all reasonably expected demands for service and provide reasonable reserves for emergencies.

Very truly yours,

Ul G

Attachment

cc: Division of Consumer Advocacy

Also included in HECO's capacity planning criteria is a relinbility guideline. The guideline states: “Capacity
planning analysis will include a calculation of visk (Loss of Load Probability) in years per day for each year of
each plan of the long-range expansion study. In cases where risk is calculated to be less than 4.5 years per
day, the plan will be reviewed by the Vice President of Power Supply and the President for approval of use of
the plan in the study.”




Attachment 1

Page 1 of 2
ADEQUACY OF SUPPLY
Hawaiian Electric Company, Inc.
January 31, 2003
Without Future DSM With Futare DSM
(Inclndes Acquired DSM) | (Includes Acguired DSM) @
System Net
Capability System System
at the Peak, | Interruptible Net Peak, Reserve Net Peak, Reserve
kw Load, kW kW Margin, % kW Margin, %
Year (A) (B) (C) (A+B-C)/C (D) (A+B-D)/ D
Recorded
2002 1,615,000 5,000 1,224,000 32% N/A N/A
Forecasted
2003 1,615,000 5,000 1,255,700 29% 1,248,000 30%
2004 1,615,000 11,900 1,283,900 27% 1,273,000 28%
2005 1,615,000 22,300 1,308,300 25% 1,294,000 27%
Notes:
(1)  System Peaks (Without Future Peak Reduction Benefits of 20-Yr DSM Programs):

¢ Implementation of full-sca
following Commission approva
for the years 2003-2005 include th
2001 and also include the estimate

)

je DSM programs began in the second half of 1996
| of the programs. The forecasted system peaks values
e actual peak reduction benefits acquired in 1996 -
d peak reduction benefits acquired in 2002.

Peaks include 20,000 kW of standby load for the following cogenerators:
Tesoro

Chevron
Pearl Harbor

have been 1,227,300 kW.

The forecasted system peaks (2

forecast dated August 2002.

System Peak (With Peak Reducti

The forecasted peaks for 2003
benefits filed with the Public Utilities Commission in

18.0
0.0
2.0

20.0 MW

In 2002, the estimated peak reduction benefi
kW (net of free riders). Without this peak re
peak of 1,224,000 kW in 2002, which includes 20,000

t of the DSM programs was 3,300 net-

on Benefits of the DSM Programs):

duction benefit, the recorded system net
kW of standby load, would

003-2005) are evening peaks based on the peak

-2005 include the estimated DSM peak reduction

20,000 kW of standby load. See Note 1, bullet 2.

May 2000. Peaks include



Attachment 1
Page 2 of 2

(3) System Capability includes:

HECO units at a total normal capability of 1,209,000 kW-net or 1,263,000 kW-gross.
Firm power purchase contracts have a combined net total of 406,000 kW from
Kalaeloa (180,000 kW), AES Hawaii (180,000 kW), and H-POWER (46,000 kW).

4) Interruptible Loads:

Includes existing Rider 1 interruptible loads of 5,000 kW

HECO plans to implement a dispatchable commercial & industrial load program and
a residential direct load control program beginning in 2004, and the estimated
interruptible peak loads under these new programs are included beginning in 2004,




Attachment 2
Page 1 of 1

ADEQUACY OF SUPPLY
Hawaiian Electric Company, Inc.
January 31, 2003
2002 Through 2005 Unit Ratings (Firm Capacity)

NTL Rating NTL Rating
Unit (Gross MW) {(Net MW)

Honolulu 8 56.0 52.9
Honolulu 9 57.0 54.4
Waiau 3 490 46.2
Waiau 4 49.0 46.4
Waiau 5 57.0 54.6
Waiau 6 58.0 55.6
Waiau 7 -92.0 88.1
Waiau 8 92.0 88.1
Waiau 9 52.0 51.9
Waiau 10 50.0 49.9
Kahe 1 92.0 88.2
Kahe 2 90.0 86.3
Kahe 3 92.0 88.2
Kahe 4 93.0 89.2
Kahe 5 142.0 134.7
Kahe 6 142.0 133.9
HECO Total 1,263.0 1,208.6
Kalaeloa Partners LP 180.0 180.0
H-POWER 46.0 M 46.0
AES 180.0 O 180.0
IPP Total 406.0 406.0
System Total 1,669.0 1,614.6

Notes
(1) IPP ratings in Net MWs only
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Dear Commissioners:

Subject: Adequacy of Supply

Hawaiian Electric Companv, Inc.

In accordance with paragraph 5.3a. of General Order No. 7, the following information is
respectfully submitted.

HECOQO’s 2001 system peak occurred on Thursday, October 25, 2001 and was 1,233,000
kW-gross or 1,191,000 kW-net based on net HECO generation, net purchased power generation,
the peak reduction benefits of energy efficiency demand-side management programs

implemented in mid-1996, and with several cogenerators' operating at the time. Had these
cogenerating units not been operating, the 2001 system peak would have been 1,255,000

kW-gross or 1,213,000 kW-net. Oahu had a reserve margin of approximately 34% over the 2001
system net peak.’

HECQ’s 2001 total generating capability of 1,615,000 kW-net includes 406,000 kW-net
of firm power purchascd from (1) Kalacloa Partners, L.P.; (2} AES Hawaii, Inc.; and (3}
H-POWER.

HECO also has power purchase contracts with several as-available energy producers.
Since these contracts are not for firm capacity, they are not reflected in HECO’s total generating
capability.

The attached table shows the expected reserve margin over the next three years, based on
HECO’s Sales and Peak Forecast, dated November 2001, and on HECOQO’s latest estimate of
forecasted DSM impacts for 2001.

! At the time of the peak, Tesoro, Chevron, and Pearl Harbor were capable of generating 22,500 kW of power.
The reserve margin calculation takes into account the 5,000 kW interruptible load served by HECO.

W INNER OF THE EDISON AWARD
FOR DISTENGUISHED INDUSTRY LEADERSHIP




The Honorable Chairman and Members of
the Hawaii Public Utilities Commission

January 31, 2002

Page 2

The following method is used to determine the timing of an additional generation unit:

The total capability of the system plus the total amount of interruptible loads must
at all times be equal to or greater than the summation of the following:

a. the capacity needed to serve the estimated system peak load;
b. the capacity of the unit scheduled for maintenance; and

¢. the capacity that would be lost by the forced outage of the largest unit in
3
service.

The method used to determine the timing of an additional generation unit accounts for
interruptible loads. HECO will not build reserve capacity to serve interruptible loads.

HECO’s generation capacity for Oahu for the next three years is sufficiently large to meet
all reasonably expected demands for service and provide reasonable reserves for emergencies.

Very truly yours,

Attachment

cc: Division of Consumer Advocacy

3 Also included in HECO's capacity planning criteria is a reliability guideline. The guideline states:

“Capacity planning analysis will inchude a calculation of risk (Loss of Load Probability) in
years per day for each year of each plan of the long-range expansion study. In cases where
visk is calculated to be less than 4.5 years per day, the plan will be reviewed by the Vice
President of Power Supply and the President for approval of use of the plan in the study.”




ATTACHMENT

PAGE 1 OF 2
ADEQUACY OF SUPPLY
Hawaiian Electric Company, Inc.
January 31, 2002
Without Future DSM With Future DSM
(Includes Acquired DSM) " | (Includes Acquired DSM) ¥
System Net
Capability System System
at the Peak, | Interruptible Net Peak, Reserve Net Peak, Reserve
kw & Load, kw* KwW Margin, % JRYY Margin, %
Year (A) (B) © (A+B-C)/ C (D) (A+B-D)/D
Recorded
2001 1,615,000 5,000 1,213,000 34% N/A N/A
Forecasted
2002 1,615,000 5,000 1,241,000 31% 1,231,000 32%
2003 1,615,000 5,000 1,256,000 29% 1,241,000 31%
2004 1,615,000 5,000 1,287,000 26% 1,267,000 28%
Notes:
(1)  System Peaks (Without Future Peak Reduction Benefits of DSM Programs):
¢ Implementation of full-scale DSM programs began in the second half of 1996
following Commission approval of the programs. The forecasted system peaks values
for the years 2002-2004 include the actual peak reduction benefits acquired in 1996 -
2000 and also include the estimated impacts acquired in 2001.
e Peaks include 22,500 kW of standby load for the following cogenerators:
Tesoro 18.2
Chevron 2.3
Pearl Harbor 2.0
225 MW
¢ In 2001, the estimated peak reduction benefit of the DSM programs was 3,900
net-kW (net of free riders). Without this peak reduction benefit, the recorded system
net peak of 1,213,000 kW in 2001, which includes 22,500 kW of standby load, would
have been 1,216,900 kW.
o The forecasted system peaks (2002-2004) are evening peaks based on the peak
forecast dated November 2001.
(2)  System Peak (With Peak Reduction Benefits of the DSM Programs):

The forecasted peaks of 2002-2004 include the estimated DSM peak reduction
benefits filed with the Public Utilities Commission in May 2000. Peaks include
22,500 kW of standby load. See Note 1, bullet 2.




ATTACHMENT
PAGE2OF2

3 System Capability includes:
e HECO units at a total normal capability of 1,209,000 kW-net or 1,263,000 kW-gross.
» Firm power purchase contracts have a combined net total of 406,000 kW from
Kalaeloa (180,000 kW), AES Hawaii (180,000 kW), and H-POWER (46,000 kW).

4) Interruptible Loads:
e Includes existing Rider I interruptible loads.
e On November 13,2001, HECO withdrew its application for approval of its
commercial and industrial capacity buyback program. HECO will evaluate load
management DSM programs in its next cycle of IRP and in its next rate case

proceeding.
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The Honorable Chairman and Members of the
Hawaii Public Utilities Commission
465 South King Street

Kekuanaoa Building, 1st Floor
Honolulu, Hawaii 96813

Dear Commissioners:

Subject:  Adequacy of Supply
Hawaiian Electric Company, Inc.

In accordance with paragraph 5.3a. of General Order No. 7, the following information is
respectfully submitted.

HECO’s 2000 system peak occurred on Wednesday, November 1, 2000 and was
1,203,000 kW-gross or 1,164,000 kW-net based on net HECO generation, net purchased power
generation, the peak reduction benefits of energy efficiency demand-side management programs
implemented in mid-1996, and with several cogencratorsI operating at the time. Had these
cogenerating units not been operating, the 2000 system peak would have been 1,224,300
kW-gross or 1,185,300 kW-net. Oahu had a reserve margin of approximately 37% over the 2000
system net peak.

HECO’s 2000 total generating capability of 1,615,000 kW-net includes 406,000 kW-net
of firm power purchased from (1) Kalaeloa Partners, L.P.; (2) AES-Hawaii, Inc.; and (3)
HPOWER.

HECO also has power purchase contracts with several cogenerators. Since these
contracts are not for firm capacity, they are not reflected in HECO's total generating capability.

The attached table shows the expected reserve margin over the next three years, based on
HECO’s Sales and Peak Forecast, dated May 2000, and on HECO’s latest estimate of forecasted
DSM impacts for 2000.

: At the time of the peak, Tesoro, Chevron, and Pear] Harbor were self-generating 21,300 kW of power.

WINNER OF THE EDISON AWARD {3
FOR DISTINGUISHED INDUSTRY LEADERSHIP




The Honorable Chairman and Members of
the Hawaii Public Utilities Commission

January 31, 2001

Page 3

The following method is used to determine the timing of an additional generation unit:

The total capability of the system plus the total amount of interruptible loads must
at all times be equal to or greater than the summation of the following:

a. the capacity needed to serve the estimated system peak load;
b. the capacity of the unit scheduled for maintenance; and

¢. the capacity that would be lost by the forced outage of the largest unit in
service.

The method used to determine the timing of an additional generation unit accounts for
interruptible loads. HECO will not build reserve capacity to serve interruptible loads.

HECQ’s generation capacity for Oahu for the next three years is sufficiently large to meet
all reasonably expected demands for service and provide reasonable reserves for emergencies.

Very truly yours,

o trfOY

Attachment

cc: Division of Consumer Advocacy
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ADEQUACY OF SUPPLY
Hawaiian Electric Company, Inc.
January 31, 2001

Without Future DSM With Future DSM
(Includes Acquired DSM) ® | (Includes Acquired DSM) @
System Net
Capability System System
at the Peak, | Interruptible Net Peak, Reserve Net Peak, Reserve
kw Load, kW KW Margin, % kW Margin, %
Year (A) (B) ©) (A+B-C)/ C (D) (A+B-D) /D
Recorded
2000 1,615,000 5,000 1,185,300 37% N/A N/A
Forecasted
2001 1,615,000 5,000 1,197,000 35% 1,190,000 36%
2002 1,615,000 5,000 1,220,000 33% 1,208,000 34%
2003 1,615,000 5,900 1,244,000 30% 1,228,000 32%
Notes:
(1)  System Capability includes:
e HECO units at a total normal capability of 1,209,000 kW-net or 1,263,000 kW-gross.
e Firm power purchase contracts have a combined net total of 406,000 kW from
Kalaeloa (180,000 kW), AES-Hawaii (180,000 kW), and HPOWER (46,000 kW).
(2)  System Peaks (Without Future Peak Reduction Benefits of 20-Yr DSM Programs):

Implementation of full-scale DSM programs began in the second half of 1996
following Commission approval of the programs. The forecasted system peaks
include the peak reduction benefits acquired in 1996 - 1599 and embedded in the base
peak forecast, but exclude the peak reduction benefits acquired in 2000 and to be
acquired in the future.

Peaks include 22,000 kW of standby load for the following cogenerators:

Tesoro 18.2
Chevron 1.3 (IMW of 2.3 MW total was assumed in the
peak forecast)
Pear]l Harbor 2.5
22.0 MW

In 2000, the estimated peak reduction benefit of the DSM programs was 4,300
net-kW (net of free riders). Without this peak reduction benefit, the recorded System
net peak of 1,185,300 kW in 2000, which includes 22,000 kW of standby load, would
have been 1,189,600 kW.
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o The forecasted system peaks (2001-2003) are evening peaks based on the peak
forecast dated May 2000.

e System Peak values for the years 2001-2003 include Acquired DSM through the year
1999. System Peak recorded values for the year 2000 include Acquired DSM through
the year 2000.

(3)  System Peak (With Peak Reduction Benefits of the DSM Programs):
e The forecasted peaks of 2001-2003 include the estimated peak reduction benefits
from the continuation of the current DSM programs.
e Peaks include 22,000 kW of standby load. See Note 2.

(4)  Interruptible Loads:
e Includes existing Rider I interruptible loads and forecasted Capacity Buy-Back loads.
e Impacts for the Capacity Buy-Back Program are assumed to begin in 2003.
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Hawaii Public Utilities Commission
465 South King Street . -
Kekuanaoa Building, 1st Floor
Honolulu, Hawaii 96813

Dear Commissioners:

Subject:  Adequacy of Supply
Hawaiian Electric Company, Inc.

In accordance with paragraph 5.3a. of General Order No. 7, the following information is
respectfully submitted.

HECO’s 1999 system peak occurred on Tuesday, December 14, 1999 and was 1,161,000
kW-gross or 1,120,000 kW-net based on net HECOQ generation, net purchased power generation,
the peak reduction benefits of energy efficiency demand-side management programs
implemented in mid-1996, and with the Tesoro cogenerating unit operating at the time. Had the
Tesoro unit not been operating, the 1999 system peak would have been 1,178,000 kW-gross or
1,137,000 kW-net. Oahu had a reserve margin of approximately 43% over the 1999 system net
peak.

HECO’s 1999 total generating capability of 1,615,000 kW-net includes 406,000 kW-net
of firm power purchased from (1) Kalaeloa Partners, L.P.; (2) AES-Hawaii, Inc.; and (3)
HPOWER.

HECO also has power purchase contracts with several cogenerators. Since these
contracts are not for firm capacity, they are not reflected in HECO's total generating capability.

The attached table shows the expected reserve margin over the next three years, based on
HECO's Sales and Peak Forecast, dated April 1999, and on HECO’s latest estimate of forecasted
DSM impacts for 1999.

WINNER OF THE EDISON AWARD |
FOR DISTINGUISHED INDUSTRY LEADERSHIP
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The following method is used to determine the timing of an additional generation unit:

The total capability of the system plus the total amount of interruptible loads must
at all times be equal to or greater than the summation of the following:

a. the capacity needed to serve the estimated system peak load;
b. the capacity of the unit scheduled for maintenance; and

c. the capacity that would be lost by the forced outage of the largest unit in
service.

The method used to determine the timing of an additional generation unit accounts for
interruptible loads. HECO will not build reserve capacity to serve interruptible loads.

HECO’s generation capacity for Oahu for the next three years is sufficiently large to meet
all reasonably expected demands for service and provide reasonable reserves for emergencies.

Very truly yours,

Attachment

cc: Division of Consumer Advocacy
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ADEQUACY OF SUPPLY
Hawaiian Electric Company, Inc.
January 31, 2000
Without Peak Reduction With Peak Reduction
Benefits of 20-Yr Energy Benefits of 20-Yr Energy
Efficicncy DSM Programs® | Efficiency DSM Programs™
{Includes Acquired DSM) {Includes Acquired DSM)
System Net
Capability System System
at the Peak, | Interruptible Net Peak, Reserve Net Peak, Reserve
kw Load, kw KW Margin, % kW Margin, %
Year (A) (B) (©) (A+B-C)/ C (D) (A+B-D)/D
Recorded
1999 1,615,000 N/A 1,137,000 43% N/A N/A
Forecasted
2000 1,615,000 6,000 1,172,000 38% 1,158,000 40%
2001 1,615,000 6,000 1,183,000 37% 1,161,000 40%
2002 1,615,000 6,900 1,201,000 35% 1,172,000 38%
Notes:
(1)  System Capability includes:
¢ HECO units at a total normal capability of 1,209,000 kW-net or 1,263,000 kW-gross.
e Firm power purchase contracts have a combined net total of 406,000 kW from
Kalaeloa (180,000 kW), AES-Hawaii (180,000 kW), and HPOWER (46,000 kW).
(2)  System Peaks (Without Future Peak Reduction Benefits of 20-Yr DSM Programs):

Tmplementation of full-scale DSM programs began in the second half of 1996
following Commission approval of the programs. The forecasted system peaks
include the peak reduction benefits acquired in 1996 - 1998 and embedded in the base
peak forecast but exclude the peak reduction benefits acquired in 1999 and to be
acquired in the future.

Peaks include 17,000 kW for Tesoro load.

In 1999, the estimated peak reduction benefit of the DSM programs was
approximately 4,700 net-kW (net of free riders). Without this peak reduction benefit,
the recorded system net peak of 1,137,000 kW in 1999, which includes 17,000 kW of
Tesoro load, would have been 1,141,700 kW,

The forecasted system peaks (2000-2002) are evening peaks based on the peak
forecast dated April 1999 and do not include the peak reduction benefits of 20-Yr
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DSM programs from 1999 and on, but do include the peak reduction benefits acquired
from DSM programs implemented in 1996 - 1998.

¢ Forecasted peaks not reduced by existing Rider I interruptible loads and forecasted
Capacity Buy-Back loads.

(3) System Peak {With Peak Reduction Benefits of 20-Yr DSM Programs):
e The forecasted peaks of 2000-2002 include the peak reduction benefits of the 20-Yr
DSM programs.
e Peaks include 17,000 kW for Tesoro load.
Forecasted peaks not reduced by existing Rider I interruptible loads and forecasted
Capacity Buy-Back loads.

4) Interruptible Loads:
e Includes existing Rider I interruptible loads and forecasted Capacity Buy-Back loads.
¢ Impacts for the Capacity Buy-Back Program are assumed to begin in 2002.
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January 29, 1999
Edward Y. Hirata a

Vice President g :

Aegulatory Alfairs = ] --—;'-i

Government Relations —= e

The Honorable Chairman and Members of the _:: > P
Hawaii Public Utilities Commission I s

465 South King Street = 9 4

Kekuanaoa Building, 1st Floor n W

Honolulu, Hawaii 96813 w5l

Dear Commissioners:

Subject: Adequacy of Supply
Hawaiian Electric Company, Inc.

In accordance with paragraph 5.3a. of General Order No. 7, the following information is
respectfully submitted.

HECO's 1998 system peak occurred on Monday, November 9, 1998 and was 1,175,000
kW-gross or 1,131,000 kW-net based on net HECO generation, net purchased power generation,
the peak reduction benefits of energy efficiency demand-side management programs
implemented in mid-1996, and with the Tesoro cogenerating unit operating at the time. Had the
Tesoro unit not been operating, the 1998 system peak would have been 1,192,000 kW-gross or

1,148,000 kW-net. Oahu had a reserve margin of approximately 41% over the 1998 system net
peak.

HECO's 1998 total generating capability of 1,615,000 kW-net includes 406,000 kW-net
of firm power purchased from: (1) Kalaeloa Partners, L.P.; (2) AES-Hawaii, Inc.; and
(3) HPOWER.

HECO also has power purchase contracts with several cogenerators. Since these
contracts are not for firm capacity, they are not reflected in HECO's total generating capability.

The attached table shows the expected reserve margin over the next three years, based on
HECO’s Sales and Peak Forecast, dated April 1998, and on HECO’s latest estimate of forecasted
DSM impacts for 1999.

WINNER OF THE EDISON AWARD {:
FOR DISTINGUISHED INDUSTRY LEADERSHIP




The Honorable Chairman and Members of
the Hawaii Public Utilities Commission

January 29, 1999

Page 2

The following method is used to determine the timing of an additional generation unit:

The total capability of the system plus the total amount of interruptible loads must
at all times be equal to or greater than the summation of the following:

a. the capacity needed to serve the estimated system peak load;
b. the capacity of the unit scheduled for maintenance; and

c. the capacity that would be lost by the forced outage of the largest unit in
service,

The method used to determine the timing of an additional generation unit accounts for
interruptible loads. HECO will not build reserve capacity to serve interruptible loads.

Very truly yours,

e

Attachment

cc:  Division of Consumer Advocacy
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ADEQUACY OF SUPPLY
Hawaiian Electric Company, Inc.
January 29, 1999

Without Peak Reduction With Peak Reduction
Benefits of 20-Yr Energy Benefits of 20-Yr Encrgy
Efficiency DSM Programs® | Efficiency DSM Programs®
System Net
Capability System System
at the Peak, | Interruptible Net Peak, Reserve Net Peak, Reserve
kw ™ Load, kWW kW Margin, % kW Margin, %
Year (A) (B) © (A+B-C)/ C (D) (A+B-D)/ D
Recorded
1998 1,615,000 6,000 1,153,500 41% 1,148,000 41%
Forecasted
1999 1,615,000 6,000 1,201,000 35% 1,191,000 36%
2000 1,615,000 8,500 1,218,000 33% 1,195,000 36%
2001 1,615,000 20,800 1,242,000 32% 1,213,000 35%
Notes:
1) System Capability includes:
o HECO units at a total normal capability of 1,209,000 kW-net or 1,263,000 kW-gross.
¢ Firm power purchase contracts have a combined net total of 406,000 kW from
Kalaeloa (180,000 kW), AES-Hawaii (180,000 kW), and HPOWER (46,000 kW).
(2)  System Peaks (Without Future Peak Reduction Benefits of 20-Yr DSM Programs):

Implementation of full-scale DSM programs began in the second half of 1996
following Commission approval of the programs. The forecasted system peaks
include the peak reduction benefits acquired in 1996 and 1997 and embedded in the
base peak forecast but exclude the peak reduction benefits acquired in 1998 and to be
acquired in the future,

Peaks are adjusted for 17,000 kW of Tesoro load.

In 1998, the estimated peak reduction benefit of the DSM programs was 5,500 net-
kW (net of free riders). Without this peak reduction benefit, the recorded system net
peak of 1,148,000 kW in 1998, which includes 17,000 kW of Tesoro load, would
have been 1,153,500 kW.

The forecasted system peaks (1999-2001) are evening peaks based on the peak
forecast dated April 1998 and do not include the peak reduction benefits of 20-Yr
DSM programs from 1998 and on, but do include the peak reduction benefits acquired
from DSM programs implemented in 1996 and 1997 .
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(3)  System Peak (With Peak Reduction Benefits of 20-Yr DSM Programs):
e The forecasted peaks of 1999-2001 include the peak reduction benefits of the 20-Yr
DSM programs.
e Peaks are adjusted for 17,000 kW of Tesoro load.

(4)  Interruptible Loads:
e Includes existing Rider I interruptible loads and forecasted Capacity Buy-Back and
Residential Load Control Program loads.
e Impacts for the Capacity Buy-Back and Residential Load Control Programs are
assumed to begin in 2000.
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March 9, 1998

Edward Y. Hirata
Vice President

Regulalory Affairs = oo
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The Honorable Chairman and Members of the k. M
Hawaii Public Utilities Commission gz U
465 South King Street ern w O
Kekuanaoa Building, 1st Floor w g

Honolulu, Hawaii 96813
Dear Commissioners:

Subject: Revision to 1998 Adequacy of Supply
Hawaiian Electric Company. Inc.

This is to correct HECO’s 1998 Adequacy of Supply report, which was submitted by
transmittal letter dated January 30, 1998,

HECO terminated its wind energy power purchase contracts in 1997'. Therefore, the
first sentence of the fourth paragraph of the January 30, 1998 letter should be revised as follows:

“HECO also has power purchase contracts with several cogenerators.”

For the Commission’s convenience, attached is a red-lined copy of the previously
submitted first page of HECO’s January 30, 1998 transmittal.

Very truly yours.

it

cc: Division of Consumer Advocacy

! See HECO's letter to the Commission dated August 25, 1997 in Docket Nos. 5239 (Makani Uwila

Purchase Power Contract) and 5281 (Makani Uwila Purchase Power Contract).

WINNER OF THE EDISON AWARD
FOR DISTINGUISHED INDUSTRY LEADERSHIP
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Red-lined
for correction

‘D January 30, 1998

Edward Y. Hirata
Vice President
Regulatory Alfairs

The Honorable Chairman and Members of the
Hawaii Public Utilities Commission

465 South King Street

Kekuanaoa Building, 1st Floor

Honolulu, Hawaii 96813

Dear Commissioners:

Subject: Adequacy of Supply
Hawatian Electric Company. Inc.

In accordance with paragraph 5.3a. of General Order No. 7, the following information is
respectfully submitted.

HECO's 1997 system peak occurred on Tuesday, September 2, 1997 and was 1,220,000
kW-gross or 1,193,000 kW-net based on net HECO generation, net purchased power generation,
and the peak reduction benefits of energy efficiency demand-side management programs
implemented in mid-1996. Oahu had a reserve margin of approximately 36% over the 1997
system net peak.

HECO's 1997 total generating capability of 1,615,000 kW-net includes 406,000 kW-net
of firm power purchased from (1) Kalaeloa Partners, L.P.; (2) AES Hawaii Inc. (formerly known
as AES-Barbers Point, Inc).; and (3) HPOWER.

HECO also has power purchase contracts with a-wind-enersyprovider-and-several

cogenerators. Since these contracts are not for firm capacity, they are not reflected in HECO's
total generating capability.

The attached table shows the expected reserve margin over the next three years, based on
the Forecast Work Group’s HECO Sales and Peak Forecast, dated April, 1997 and on HECO’s
latest estimate of forecasted DSM impacts.

WINNER OF THE EDISON AWARD
FOR DISTINGUISHED INDUSTRY LEADEASHIP
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January 30, 1998 MH

Edward Y. Hirata
Vice Prasident
Regulatory Alfairs

o 3
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The Honorable Chairman and Members of the M f’_ f} ;—--
Hawaii Public Utilities Commission e R
465 South King Street L—f:;f_'_':_ U B
Kekuanaoa Building, 1st Floor ==, O
Honolulu, Hawaii 96813 rJ\) g

Dear Commissioners:

Subject: Adequacy of Supply
Hawaiian Electric Company, Inc.

In accordance with paragraph 5.3a. of General Order No. 7, the following information is
respectfully submitted.

HECO's 1997 system peak occurred on Tuesday, September 2, 1997 and was 1,220,000
kW-gross or 1,193,000 kW-net based on net HECO generation, net purchased power generation,
and the peak reduction benefits of energy efficiency demand-side management programs

implemented in mid-1996. Oahu had a reserve margin of approximately 36% over the 1997
system net peak.

HECO's 1997 total generating capability of 1,615,000 kW-net includes 406,000 kW-net
of firm power purchased from (1) Kalacloa Partners, L.P.; (2) AES Hawaii Inc. (formerly known
as AES-Barbers Point, Inc).; and (3) HPOWER.

HECO also has power purchase contracts with a wind energy provider and several

cogenerators. Since these contracts are not for firm capacity, they are not reflected in HECO's
total generating capability.

The attached table shows the expected reserve margin over the next three years, based on
the Forecast Work Group's HECO Sales and Peak Forecast, dated April, 1997 and on HECO’s
latest estimate of forecasted DSM impacts.

WINNER OF THE EDISON AWARD
FOR DISTINGUISHED INDUSTRY LEADERSHIP
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The Honorable Chairman and Members of
the Hawaii Public Utilities Commission

January 30, 1998

Page 2

The following method is used to determine the timing of an additional generation unit:

The total capability of our system plus the total amount of interruptible loads
must at all times be equal to or greater than the summation of the Sfollowing:

a. the capacity needed to serve the estimated system peak load;
b. the capacity of the unit scheduled for maintenance; and

c. the capacity that would be lost by the forced outage of the largest unit in
service.

The method used to determine the timing of an additional generation unit now accounts
for interruptible loads. HECO will not build reserve capacity to serve interruptible loads.

Very truly yours,

e lad

Attachment

cc: Division of Consumer Advocacy




ADEQUACY OF SUPPLY
Hawaiian Electric Company, Inc.
January 30, 1998

Without Peak Reduction With Peak Reduction
Benefits of 20-Yr Energy Benefits of 20-Yr Energy
Efficiency DSM Programs®™ | Efficiency DSM Programs®
System Net
Capability System System
at the Peak, | Interruptible Net Peak, Reserve Net Peak, Reserve
kw Load, kW kW Margin, % kW Margin, %
Year (A) (B) Q) (A+B-C)/C (D) (A+B-D)/D
Recorded
1997 1,615,000 6,000 1,198,000 35% 1,193,000 36%
Forecasted
1998 1,615,000 6,900 1,219,000 33% 1,210,000 34%
1999 1,615,000 16,000 1,247,000 31% 1,231,000 33%
2000 1,615,000 26,700 1,276,000 29% 1,251,000 31%
Notes:

(1) System Capability includes:
e HECO units at a total normal capability of 1,209,000 kW-net or 1,263,000 kW-gross.
e Firm power purchase contracts have a combined net total of 406,000 kW from Kalaeloa

(180,000 kW), AES Hawaii (180,000 kW), and HPOWER (46,000 kW),

(2)  System Peaks (Without Peak Reduction Benefits of 20-Yr DSM Programs):

e Implementation of full-scale DSM programs began in the second half of 1996 following
Commission approval of the programs. The forecasted system peaks exclude the peak
reduction benefits of the 20-Yr DSM programs.

Peaks are adjusted for 17,000 kW of BHP load.

In 1997, the estimated peak reduction benefit of the DSM programs was 5,000 net-k'W.
Without this peak reduction benefit, the recorded system net peak of 1,193,000 kW in
1997 would have been 1,198,000 kW.

o The forecasted system peaks (1998-2000) are evening peaks based on the peak forecast
dated April, 1997 and do not include the peak reduction benefits of 20-Yr DSM

programs.

3) System Peak (With Peak Reduction Benefits of 20-Yr DSM Programs):
e The forecasted peaks of 1998-2000 include the peak reduction benefits of the 20-Yr DSM

programs.
¢ Peaks are adjusted for 17 MW of BHP load.
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January 31, 1997

Edward Y. Hirata

Vice Presidant
Regulatory Affairs

|

The Honorable Chairman and Members of the = =
Hawaii Public Utilities Commission Sz .

465 South King Street =

Kekuanaoa Building, 1st Floor »SG ':
Honolulu, Hawaii 96813 5’5’ — o
== -

Dear Commissioners: & o
-~

Subject: Adequacy of Supply
Hawaiian Electric C I

In accordance with paragraph 5.3a. of General Order No. 7, the following information
is respectfully submitted.

HECO's 1996 system peak occurred on Thursday, August 29, 1996, and was
1,166,000 KW-net, or 1,209,000 KW based on gross HECO generation and net purchased
power generation. Oahu had a reserve margin of approximately 39% over the 1996 system net

peak.

HECO's 1996 total generating capability of 1,614,600 KW-net includes 406,000
KW-net of firm power purchased from (1) Kalaeloa Partners, L.P.; (2) AES-Barbers Point,
Inc.; and (3) HPOWER.

HECO also has power purchase contracts with a wind energy provider and several
cogenerators. Since these contracts are not for firm capacity, they are not reflected in
HECO's total generating capability.

The attached table shows the expected reserve margin over the next three years, based

on the Forecast Work Group’s HECO 1996-2001 Sales, Peak and Purchased Power Forecast,

dated March, 1996, and on HECQ’s latest estimate of forecasted DSM impacts.

WINNER OF THE EDISON AWARD
FOR DISTINGISHED INDUSTRY LEADERSHIP

YENIE!
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The Honorable Chairman and Members of
the Hawaii Public Utilities Commission

January 31, 1997

Page 2

The following method is used to determine the timing of an additional generation unit:

The total capability of our system plus the total amount of interruptible loads
must at all times be equal 1o or greater than the summation of the following:

a. the capacity needed 10 serve the estimated system peak load;
b. the capacity of the unit scheduled for maintenance; and

c. the capacity that would be lost by the forced outage of the largest unit in
service.

The method used to determine the timing of an additional generation unit now accounts
for interruptible loads. HECO will not build reserve capacity to serve interruptible loads.

Very truly yours,

ééW

Attachment

cc: C. W. Totto




ADEQUACY OF SUPPLY
Hawaiian Electric Company, Inc.

January 31, 1997

Without Full-Scale With Fuli-Scale
20-Yr DSM Impacts 20-Yr DSM Impacts
System Net
Capability System System
at the Peak, | Interruptible | Net Peak, Reserve Net Peak, Reserve
Kw Load, KW Kw @ Margin, % Kw © Margin, %
Year (A) 8) (C) (A+B-C)/ C (D) (A+B-D)/D
Recorded
1996 1,614,600 6,000 1,166,000 39% N/A N/A
Forecasted
1997 1,614,600 6,000 1,214,000 33% 1,203,300 35%
1998 1,614,600 6,900 1,243,000 30% 1,226,000 32%
1999 1,614,600 17,590 1,266,000 29% 1,231,900 32%
Notes:
1) System Capability includes:

e HECO units at a total normal capability of 1,208,600 KW-net or 1,263,000 KW-gross.
(HECO has changed its reporting basis from “gross” to “net”.)

e Firm power purchase contracts have a combined net total of 406,000 KW from
Kalaeloa (180,000 KW), AES-Barbers Point (180,000 KW), and HPOWER (46,000
KW).

2) System Peaks (Without Full-Scale 20-Yr DSM Impacts):

o Implementation of full-scale DSM programs began in the second half of 1996 following
Commission approval of the programs. The forecasted system peaks without full-scale
20-year DSM impacts excludes the impacts of these programs.

e The forecasted system peaks (1997-1999) are evening peaks based on the peak forecast
dated March, 1996 and do not include full-scale 20-Yr DSM program impacts.

3) System Peak (With Fuli-Scale 20-Yr DSM Impacts):

e The forecasted peaks of 1997-1999 reflect the full-scale 20-Yr DSM program impacts.
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‘ January 31, 1996

Edward Y. Hirata
Vice President
Regulatory Allairs

The Honorable Chairman and Members of the
Hawaii Public Utilities Commission

465 South King Street
Kekuanaoa Building, 1st Floor

Honolulu, Hawaii 96813

Dear Commissioners:

Subject: Adequacy of Supply

In accordance with paragraph 5.3a. of General Order No. 7, the following information

is respectfully submitted.
HECO's 1995 system peak occurred on Monday, December 11, 1995 and was

1,190,000 KW. Oahu had a reserve margin of approximately 40% over the 1995 system

peak.
HECO's 1995 total generating capability of 1,669,000 KW includes 406,000 KW of
firm power purchased from (1) Kalaeloa Partners, L.P.; (2) AES-Barbers Point, Inc.; and (3)

HPOWER.
HECO also has power purchase contracts with several sugar, wind, and other

cogenerators. Since these contracts are not for firm capacity, they are not reflected in

HECO's total generating capability.
The attached table shows the expected reserve margin over the next three years, based
on the Forecast Planning Committee’s 1995-2015 HECO Sales and Peak Forecast dated March

31, 1995, and revised May 1, 1995.

WINNER OF THE EDISON AWARD
FOR DISTINGUISHED INDUSTRY LEADERSHIP
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The Honorable Chairman and Members of
the Hawaii Public Utilities Commission
January 31, 1996

Page 2

a.
b.
c.

Attachment

cc: C. W. Totto

The following method is used to determine the timing of an additional generation unit:

The total capability of our system must at all times be equal to or greater than
the summation of the following:

the capacity needed to serve the estimated system peak load;
the capacity of the unit scheduled for maintenance; and
the capacity that would be lost by the forced outage of the largest unit in

service.

Very truly yours,

Chirir )
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ADEQUACY OF SUPPLY

Hawaiian Electric Company, Inc.

January 31, 1996

With Pilot DSM
Without Full-Scale
20-Yr DSM Impacts

With Full Scale
20-Yr DSM Impacts

System
Year Capability Reserve Reserve
at the Peak | System Peak Margin System Peak Margin
(A) (B) ((A-B)/B) ©) (A-C)/C)

Recorded
1995 1,669,000 1,190,000 40% N/A N/A

Forecasted
1996 1,669,000 1,226,000 36% 1,219,000 37 %
1997 1,669,000 1,239,000 35% 1,228,000 36%
1998 1,669,000 1,265,000 32% 1,245,000 34%

Notes:

1) System Capability includes:
e HECO units at a total normal capability (gross) of 1,263,000 KW.

e Firm power purchase contracts have a combined total of 406,000 KW from
Kalaeloa (180,000 KW), AES-Barbers Point (180,000 KW), and HPOWER (46,000
KW).

2) System Peaks (Without Full-Scale 20-Year DSM Impacls):
e Recorded and forecasted peaks include i

programs.

e The forecasted system peaks (1996-1998) are evening peaks based on the peak
forecast dated March 31, 1995, and revised May 1, 1995, and include the impact of
the pilot DSM programs, but do not include future full-scale 20-Year DSM
program impacts.

3) System Peak (With Full-Scale 20-Year DSM Impacts):

e The 1995 peak includes impacts attributed to the pilot DSM programs.

mpacts attributed to the pilot DSM

e The forecasted peaks of 1996-1998 reflect the impacts of both pilot and full-scale
20-Year DSM program impacts.




