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A STUDY OF KCPL'S
STEAM HEAT BUSINESS
I.  INTRODUCTION
This study of KCPL's Steam Heat operations is in four parts. Following
this Introductory Section, Section Il addresses the history to add perspective,
the physical aspects of the system, the current status of the business, and a
discussion relating to allocation of costs, pricing, and financial results.
Section 1I includes a discussion of the financial wodeling approach taken and
assumptions made to analyze alternative courses of action. A decision tree is
developed to illustrate these alternatives.
In Section III an analysis of financial feasibility is performed. This
is a graphical analysis consisting of price, rate of return, and cash flow
comparisons. Once financial feasibility is evaluated, alternatives to continued

operation are addressed in Section IV.

I1. REVIEW OF THE BUSINESS

A. Ristory

The distridbution of steam for heating purposes was begun by the Kansas
City Blectric Light Company (a foreruaner of KCPL) at its first incandescent
l11ght plant at 604 Wall Street. This address is sov known as 604 Baltimore.
This plant began operation ir 1888. The distridutice and sale of steaz offered
an sconcmic outiet for sn othervise waste prodect by operating emgives at s
sxhaust pressure slightly above atacephere. The incresss I» axbheust pressure
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did not waterially increase the cost of electric energy ard it made it practical
to tracsmit the steam for heating purposes. Steam heat sales met viih such
success thet the Kansas City Reating Company was formed in 1905, and the

604 Wall Street Station became Heating Station No. 1.

When the plant was abandoned as a primary source of eslectrical power due
to the advent of condensing type equi;;ent. the original boiler installation
vas converted to a heating plant so that steam service to customers could
continue. Steam service vas recognized as an aid in the sale of electric
energy to large office buildings, stores, hotels, and others vho might have
produced their own electricity in an isolated plant, and used the exhaust
steam to provide theif own heat. The sale of steam made it posgible for the
Company to offer a complete service to the downtown district. .

The increased demand for steam in the downtown area necessitated the
construction in 1907 of a more modern heating plant, which was located at
1308-10 Baltimore Avenue, By 1917 the Kansas City Reating Company had ceased
to exist and steam heat operations became a department of a predecessor of
KCPL. Groving heat and electrical demand necessitated coustruction of the
Wyandotte Station immediately west of the 1308-10 Baltimore locstion. These
plants were connected and operated Joiagly as Reating Station No. 2.

Prior to 1929 all steam for the heating system was supplied by Reating
Station No. 1 and Feating Station No. 2. Statica No. 1 was located near the
porth end of the distridution system and Staticn No. 2 wvas pear the south end.
By 1929 the doilers in Statiom No. i ware &0 years old snd completely worn
eut.

In 1927, the Missouri River Power Fouse was purchesed fros the Ransas
City Tramsit Cospasy. MNodersising the equipment in this plsst, later to ba

&
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called "Grand Avenve Station,” offered the opportunity to produce steam heat
in & very economical manner. A high presaure (185 1lb.) steam main had to be
constructed between Grand Avenue and old Heating Station No. 1 at 6th and
Baltimore and preasure reducing equipment was installed in Station No. 1 at
this time. These additions were completed in 1929. Grand Avenue virtually
eliminated the use of the older heating plant at Heating Statiom No. 1.

It vas also recognized that the equipment locsted mnear 13th Street would
soon become obsolete, so in 1930 another high pressure main was constructed
from 6th and Grand to 10th and McGee. Then in 1954 this main was further
extended south to l4th Street to a pressurc reducing station (Heating Station
No. 3) in the basement of the KCPL Parking Garage. This firned.up the south
supply of steam and the adjacent Heating Station No. 2 was continued for
peaking purposes only.

In 1958 a second high pressure main was built from Grand Avenue to 6th and
Baltimore and ultimately it wvas extended to 13th and Wyandotte which gave both
Stations 1 and 3 two firm msin line supplies for steam. Both stations 1 and 3
wvere subsequently converted to automatic control and in 1958 Heating Station
No. 2 wvas demclished and retired from the plant accouats.

B. Fhysical Characteristics -

The heat utility plant can be considered in twoe parts. The steaz distri-
bution system and the portion of the electric plant which i3 used to generste
steam for hesting.

The steam diatribution system consists of desuperheating staticns st
604 Jeitimore and 1319 Wrandotte, which are weed to reduce the pressure of the
{zconing stesm for customar wae and the wxderground condsic, steam medns,
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steam services, and meters which are used in distributing steam to cur heat
utility customers. From 1918 to 1980, the total length of steam mains has
{ncreased from 26,292 feet to 61,520 feet. The bulk of this increase occurred
in 1930, 1954, and 1958 when nnin; vere added from Grand Avenue to both the
north and south ends of the distribution system. Since 1960 only 11,172 feet
have been added. This is a 221 increase which means that the mains have been

extended by about 1% per year for the past 20 years. There has been very

little growth in the number of customers or the addition of steam mains during
this period. The downtown service area is outlined in Illustration A. It
extends north to 6th Street and south to l4th Street. The east-vest boundaries
are Oak and Broadway.

As can be seen in Table 1, the steam distribution plant has a dollar

A

veighted average age of about 23 years, the bulk of the investment is in
underground conduit and steam mains. The original distribution system, however,
wvas built by the Kansas City Heating Company in 1905 and 1..‘thcrefore. over

75 years old. The physical age of properiies in the Steam Distribution Accounts

is apparent from the last column in Table 1, the age of the earliest existing
vincages.
The meters vhich comprise a small .part of the plant investment nevertheless
have an important role in the heat utility business since they messure the
.ntcau sold to customers. Meters are of two types: condensate meters which

measure the amcunt of steam condensate that exits the customer and flow

|‘

meters which messure the flow of steam by ssasuring the drop in pressure
across 3 cuatomer lecstice. The coodecsats melevs aze besically mechenical
aod ave considered te Be fairly sccurste, bwt I the coodeoante s exivacted

TP
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TABLE 1
Steam Distribution Accounts 12/31/80
Age
Replacement of
Replacement Cost New Ave. Earliest
Account Plent Balance Cost New less Depre, Ape Vintape
760 Land and Land
Rights 60,163 $§ 268,419 § 111,634 21.0 yr. 23.0
761 Structures and
Improvenents 15,183 -— -— - -
762 Station Equip. 193,529 523,527 148,179 23.C 52.0
76€ UG Conduit
Steav Mains 2,994,907 - 17,999,185 3,422,825 23.0 52.0
769 Services 316,857 1,606,274 623,300 15.0 65.0
770 Meters 8%,075 603,937 105,026 31.5 65.0
791 Office Furn.
Equipment 1,167 4,413 369 S53.0 67.0
794 Tools Shop and
Garage Equip. 2,778 15,665 1,440 31.0 60.0
798 Misc. Equip. 153 445 79 24.5 24.5
Total §3,665,812 §20,821,865 $4,212,652 22.5 yr.
Steam Distribution Plant Totals
Plant- Deprec.
Year In-Service Reserve Net Plant
1960 2,902,311 839,648 2,012,663
1961 2,847,345 847,073 2,000,272
1962 2,881,518 836,150 1,985,368
1963 2,892,252 914,594 1,977,658
1964 2,968,267 962,594 2,005,673
1965 3,068,573 1,024,484 2,044,089
1986 3,257,598 1,051,331 2,206,267
1967 3,307,602 1,093,862 2,213,640
1968 3,381,512 1,168,347 2,213,165
1969 3,437,566 1,230,465 2,207,301
1970 3,500,085 1,294,795 2,205,260
1971 3,336,004 1,370.3%4 2,163,410
1872 3,586,424 5,433,040 2.133,38
1873 3,463,328 1,438,248 5,967,080
3974 3,423,832 1,573,137 1,900 811
1923 3. 513,642 1.835.282 §.B818.441
1378 3,578,884 1.788,90%4
87?2 3,582,805 1.581,600
isTe 3.618,.300 2,040 000
isTe 3,613,300 2.078 090
iss 3.688 802 2.9 00
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prior to reaching the meters, they can give a low reading indication. The
flow meters involve an electro-mechanical conversion to convert a drop in
pressure to an electric current vhich can then be calibrated and measured.
This calibration procedure can }cnd to inaccuracies in measurement. The meter
investment is 31.5 years old on a dollar-weighted aversge basis.

As can be seen in Table 1, the plant balance of the steam distribution
systen including mains and meters at December 31, 1980, vas $3,665,812.
Replacement cost new was estimated to be $20,821,865 based on Handy Whitman
Indexes and the replacement cost nev less depreciation vas estimated to be
$4,212,652. Plant in service has only increased from $2,902,311 to $3,665,812
over the last 20 years. Net plant has decreased over this period from $2,012,663
to $1,361,448, so very little has been added to Distribution Plant.

The repaining plant used to generate steam for heating is located at
Grand Avenue station. Grand Avenue station is located on the Missouri River
near the main business district of Kansas City, Missouri. Steam is produced
in boilers at a nominal pressure of 650 PSIG for use in electric generation
and at 185 PSIG for delivery to the Steam Department after suitable pressure
reduction. The Steam Department then distributes steam at 185 PSIG, 100 PSIG,
and 10 PSIG to steaz customers. Prior to being purchesed by KCPL, Grand
Avenue Station had saven 25-cycle turbismes with a combined generation of
59,000 kW. Realizing that the 25 cycle demand would be reduced as the electric
railvays were phased cut, KCPL began comverting the plamt to 60 cycle. ERCPL
seentually installed 107,300 k¥ of 60 cyeie and 10,000 k¥ of 25 cycle capacity
resoving five clder turbine units haviag » capeacity of 39,000 ¥%. The remaining
20,000 ¥ of older 35 cycle cwpacity wase sitimately metized with the elisisstion
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of the electric transit system, and the newer 10,000 kW, 25 cycle unit was
coaverted to 60 cycle by the addition of a frequency converter. There are
currently three ccal or gas fired boilers—#6, #7, and #8--and one boile.,
#1A, vhich is fueled by oil or gas. Boiler #1A is currently in s state of
disrepair and its future use is questionable. Electricity is produced in high
pressure turbines #1, #7, and #9 and topping turbine #5. The low pressure
stean from turbine #5 was ﬁrcviously used to serve lov pressure turbine #8 and
aupply steam to the steam department. In 1977, low pressura turbine #8 was
taken out of service. Low pressure steam is nov all provided to the steam
departument either directly from boilers through pressure reducing valves or
from topping turbine #5 ;hich exhausts steam at 185 PSIG and, tﬁerefore.
pressure reduction is not required. A schematic of the Steam Generating
System at Grand Avenue is depicted by Illustration B.

Condensed steam from the turbines is returnmed to boilers, however, conden-
sate for the steam department is not returned to the station and requires
complete make-up from the city water supply.

The maxizmum capacity of Grand Avenue was rated at 99,000 kW peak net
generation from 1971 to 1977 although peak net generation of 108,000 kW was
achieved as can be seen in Table 2 vhich gives some cperating statistics on
the station. From 1977 to present, it has been rated at 70,000 k¥W. As the
related capacity of Grand Avenue has been reduced, so has the annual gemeration
from 156,200 M¥h 4in 1971 to 44,000 Meh in 1980. Future projections, alsc
indicated on Table 2, are even lover reducing to 20,000 W and sero geseration
beyend 19%0C. The rated capacity at Grand Avenuve is scheduled to be derated
from 70,000 k¥ to 40,000 kW in 1942 when turhimes #1, #3, and #7 will go o

ioactive Teserve.
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. TABLE 2
' Grand Avenue Operating Statistics
(000's)
I Mdhs Total
Net and Avg.
Genera- Fired Cents/ Total
' Year tion MMBtu Peak kW MMBtu Fuel
. 1971 156.2 4,516,998 107,000 30.9 1,395,752
1972 157.6 4,744,884 108,000 33.0 1,565,812
1973 186.9 5,130,633 106,000 36.3 1,862,420
' 1974 154.5 4,397,835 107,000 42.6 1,873,478
1975 198.2 5,320,909 99,C50 69.24 3,684,416
1976 203.1 5,624,476 99,000 84.2 4,735,802
1977 143.1 4,774,660 70,000% 90.17 4,305,439
1978 120.2 4,526,393 70,000 107.3 4,858,543
1979 127.9 4,776,599 70,000 128.89 6,156,558
I ( 1980 44.0 2,933,820 70,000 151.18 4,435,346
*Retired Boiler #8
l_ Future Projections
(000's)
' Mwhs
Ret MMBtu Fuel
Genera- Excluding Cents/ Excluding
l Year tion Stean Peak kW MMBtu Stean
1581 20.0 748,677 70,000 150.68 1,431,098
1982 20.0 748,677 40,000 226.0 1,692,010
l 1983 32.0 588,000 40,000 230.0 1,351.000
1984 28.0 525,000 40,000 285.0 1,498,000
1985 15.0 275,000 40,000 313.0 881,000
. 1985  35.0 640,000 40,00  334.0  2,138.000
1987 22.0 408,000 40,000 328.0 1,340,000
1983 36.0 635,000 &0,000 42%.0 2,807,000
1983 37.0 622,000 40,000 433.2 3,133,000
l 19%0 23.2 389,000 40,000 521.0 2,182,000
B 1991 X -— - - -
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Table 3 demonstrates that the weighted average age oi steam generating
plant is approximately 35 years, but the property dates back to the early
31900s. The total plant in service at the end of 1980 was $20,959,272. The
replacement cost nev was estimated to be $120,408,317 and the depreciated
replacement cost new was $18,666,077. This relates to 117.5 MW of aame plate
capacity that is currently rated at 70 MW. Of the 320,959,272 electric plant
in service, $3,092,727 has beer allocated to the heat utility business.
Electric plant in service at Grand Avenue has only increased from $18,925,608
to $20,959,272 over the last 20 years. Net plant has decreased over this
period from $10,863,294 to $6,232,547. Grand Avenue, like the Steam Heat
Distribution System, has had very few additions made in the tec;nt past.

Electrically, Grand Avenue serves mainly as a peaking unit and a central

- G Tl ep aE B A

‘)

distribution point for providing electrical services to the downtown area. If
the steam requirement were eliminated, some generation at Grand Avenue would
still be required unless some changes are made in the distribution network.
An alternative would be to operate Grand Avenue on a standby status as a gas
fired unit. This alternative would necessitate a redesign of the electrical
network that supplies downtown Kansas City. It has been estimated that this
could reduce the O8M expenses at Grand Avenue by 67X.

C. Allocation Factors

The allocation of electric expenses to the heat utility operations was
originally based on the philoscophy that Crand Avesne statice is primarily an
electric genesrating pesking souzce and the stesm demand of the stesn depariment

is 2 secondary by-product of electvic geseration. This philoscphy Bas been
(.$ followed even though atesm sevvice fs 22t intesTeptible




l TABLE 3 .
Crand Avenue Production Accounts 12/31/80
Age
' Replacement of
Replacement Cost New Ave. Earliest
Account Plant Balence Cost New Less Depte. Age Vintage
l 3i0 Land $ 626,252 § —— $ - -— -
311 Structures and
Improvements 3,821,027 29,027,145 1,146,938 35.0 yr. 65.0
312 Boiler Plant 9,133,956. 50,207,338 7,332,643 31.0 65.0
_ 314 Turdbo Generators 4,220,990 28,540,623 6,202,387 45.0 65.0
315 Accessory Elec.
Equipeent 2,911,234 11,794,968 3,764,941 30.0 65.0
' 316 Miscellaneous 245,813 838,243 219,168 24.0 65.0
. Total $20,959,272 $120,408,317 818,665,077 34.5 yr.
l Allocation to Steam $ 3,052,727 - - '
Grand Avenue Station Totals
l Plant- Deprec.
i Year In=-Service Reserve Ret Plant
. 1960 18,925,608 68,062,314 10,863,294
1961 18,927,632 8,561,326 10,388,306
1962 18,958,992 8,995,740 9,963,252
1963 17,887,993 8,420,525 9,467,468
I 1964 17,925,099 8,647,892 9,277,207
1965 17,714,273 8,300,544 9,413,729
1966 17,723,214 8,734,810 8,988,404
l 1967  16.944.205  B.294.288  8.649.917
1968 18,120,128 8,728,749 9,381,379
1969 19,547,037 9,186,727 10,360,310
' 1970 19,165,511 9,310,581 9,854,930
1971 19,184,536 9,775,383 $.40%,163
1972 19,207,834 30,282,324 8,943,310
I 1973 19.471.180 10,869,261 8,601,919
. 1874 19,516,303 14,428,958 3,882,547
1823 20,480,645 31,371,854 8,909,391
1976 20,472,180 12,194,734 2,282,438
b 1 20.4896 .49 12,048,080 F.508 042
| L 1972 2,233,710 33,431,300 7004, 040
: 1979 - X .93 000 0. LW W
. E=13
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vas based on the stesm heat demand that was coincident with one-hour peak
electrical demand. Since 1953 the electrical peak has occurred in the summer
eausing & large part of the station's total costs to be borne by the electricity
business. A study on steam allocations was performed by Black & Veatch in

1958 in detail on an item-by-item basis which confinc'd this "peak allocation”.
This allocation method has been challenged several times by commission staff
menbers. Only recently has this methodology been changed to give steam customers
a larger percentage of costs to be shared with the electric business.

The largest component of cost for heat utility operations is purchased
stean. This expense is basically the fuel and water expenses associated with
producing steam for heat. These direct variable costs are determined on the
basis of actual pounds of steam transferred to heat utility and pounds of
make-up wvater used by the heat department.

Those expense items associated with operating and maintaining the boilers
and other structures, O8M expenses, are allocated to the Steam Heat Department
on the basis of the average of the monthly steam requiremesnts supplied by the
boiler facilities for us2 by the Steam Department as compared to the annual
peak steam requirement of the Electric Departmest. Other allocations to the
utility heat business are interdepartmental Trent and Administration and General
(AtG) expenses. The former consists of taxes, deprecistiom, and return on the
electric plant allocated to steam. This allocation is made in the same
manner a5 boiler O&M. The latter, Stesz Eeat AL expenses, are a porticn of
the overall compasy’s A€ experses. This iz alsze allecated in the same masner
23 doiler QEN. Mrider datail om stewm sllccatices iz provided iz Appendix A
which inciades sasple allecaticos and exivacts of filed 2aetimeny froem the
last Nissouri vetall and stesm filfag, Gose Bo. BE0-il.

i~is
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B. Steam Heat Prices
The growth in the steam business has been relatively slow, In 1918

annual sales were 440 million pounds, the price was 68 cents per thousand
pounds, producing revenues of $300,000. The pfiec of stesm increased sharply
to $1.50 per thousand pounds in 1921 at vhich time usage was 450 wmillion
pounds annually, producing revenues of about $700,000. After 1921, the price
of stean declined steadily reaching a lov of near 85 cents in the early 1930s.
In 1960, 39 years later, the price of steam had risen again to $1.50 per
thousand pounds, usage wvas 878 million pounds, and revenues were $1,324,539.
By 1971, the price of steam was still around $1.50 per thousand pounds, usage
was 1,141 million pounds yielding revenues of $1,700,000. By 1980. the price
had climbed to $5.80 per thousand pounds, the usage was 633 million pounds,
and the revenues were $3,660,000.

The price of steam heat has incressed dramatically in the last few years.
The only rate case prior to 1971 was in 1961 and that resulted in a lover
steam heat rate being set at an gverage of $1.46. Since 1971, we have had six
rate increases and the average cost of steaz per 1,000 pounds has increased
from $1.50 in 1971 to $5.80 at the end of 1980. The average revenue per
1,000 pounds for each year is shown in Table 4.

A comparison of other utilities' prices as compiled by The Internaticnal
District Beating Association revesals that inm 1380 the price of stea= per
1,000 pounds ranged from $2.30 to $13.00.

E. Customers sod Fimsnctal Results

Theve were 210 stesm customers &% the end of 1980. Sioce 1971, the
nusber of customers Ras declimed frem 271 2o 210 iled s e eud of 198C.

=13
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Avg. Annual Rate .

TABLE 4

Month of
Rate

Stean Gas
Customer Customer
Dollars Dollars
Per Unit Per Unit
Of Reat Of Heat
Content Content

Gas/Stean

Increase ($/MMBtu) ($/MMBtu) (Percent)

Year {$/1,000 1bs.)
1971 1.50
1972° 1.50
1973 1.50 June 73
1974 2.00 Apr 74
1975 2.70
1976 3.30 May 76
1977 3.80 Nov 77
1978 4.50
1979 5.20

Mar, Jul
1980 5.80 1980

1.29
1.29
1.29
1.72
2.32 o735
2.84 <95
.27 1.50
3.87 1.75
4.48 2.00
5.00 2.80

322
kk >4
462
452
452

562




TABLE 5
€
Lbe. =
Steam Steam Lbs. ibe. @
Heat Input Input/ Sales lesses/
Degrae Less Percent Bldg/ Bidg/ Bidg/
Ysar  Bldge.t Days Co. Use Sales Losaes Loss * Day ® Day ® Day
(MMlb.) (MM1b.) (MM1b.)
1960 o - 1004 .4 878 126.0 12.% L - -
1961 304 - 977.6 859 119.0 12.2 - - - ]
1962 %9 %019 980.7 . 8712 109.0 11.1 653.5 $81.8 72.6 %
1963 293 4782 967 .4 841 126.0 13.0 690.4 6G0.2 9.9 i
1964 286 4642 954.4 832 122.0 12.9 751.3 654.9 6.0
1969 284 4528 1004.0 861 143.0 16,2 780.7 669.5 111.2
1964 279 4614 1108,7 966 143.0 12.9 864.4 753.1 112.% 5
1967 21% 4623 1100.9 981 120.0 10.9 853.3 760.6 9.0
1949 281 4995 1242.4 1177 60.0 5.3 885.2 833.6 47.0
1969 280 5206 1382,4 1215 167.0 12.1 948.4 833.5 114.6
1%70 281 4688 1399.5 1220 179.0 12.8 1062.4 926.1 135.9
1971 284 4529 1346.9% 1141 205.5 15.3 1047.0 887.1 i5%.9
1974 283 %036 1354.9 1169 176.5 13.0 950.4 820.2 130.2
1973 286 4514 1218.9 i139 79.8 6.5 944.1 882.3 61.8
' 1974 267 4370 1137.6 882 255.6 22.5 975.0 755.9 289.1
.= 1973 209 4636 1120.1 922 198.1 7.7 901.5 742.1 157.4
1976 269 4763 1126,6 868 258.6 23.0 882.6 680.0 202.6
1977 273 4728 1£15.0 908 207.0 18.6 870.2 708.7 §61.5
1978 232 3570 1243.3 864 379.5 30.5 885.9 615.5 270.%
i 1979 A4 $264 1295.5 764 431.5 J6.1 930.8 394.8 336.9
| , 1980 238 4689 1053.0 634 419.0 39.8 941.6 568.1 375.3

*For the time period 1960-1970, total customers were used as @ proxy for the number of buildings,

=1 ¥
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This sumber i3 slightly wmisleading since some of this decline in customers
isvolved several customers being combined. A wore indicative pumber is the
susber of meters or buildings served. The poumber of meters has declined from
284 4in 1971 to 238 in 1980. Table 5 summarizes some of the key sales figures
during the last 20 years.

Since 1960 the actual amount of business measured in terms of buildings
served has decreased. This is reflected in steam input to the system. Steam
input per building per degree day has not trended downward but has remained
fairly constant. The annual gales in pounds of steam has declined significantly
apparently due to two factors--fewer buildings served and fewer sales per
building per degree day. The decrease in ;ales/building/degree day as compared
to & relatively constant steam input/building/degree day indicates that "addi-
tional efforts be made to improve customer inspection and metering" as pointed
out in a recent report made by System Power Operations. It is assumed in this
snalysis that if a rigorous effort is undertaken to improve customers' inspec-
tions and metering losses, unaccounted steam can be reduced to 17X. This is
based on the average loss per building per degree day prior to 1978 divided by
the average steam imput/building/degree day over the 1971-1980 peried.

Table 6 lists key financial results for the last 20 years. These results
are rearranged to separate the variable compoments of purchased steam, 08M,
general taxes, and the relatively fixed income taxz and other expemses. For
the past three yezazrs, steam heat revenues hseve Dot covered total cests. In
1880 such revenues did not even match varisble coste wvhich are essentisl 2o
continuing cperatiea.

These Teselie indizete we heve mever esrred a “ressenable veture™ en the

stean izvestmeat. 43 the smoent € sales io ponands & alessm por CoRlomer 3&7

L i-18
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TABLE 6 H
Purchased General Net Income Tax Operstisg 5
Yssr Reveriues Steen ObM Taxes Revenue & Other Income
(Variabla) (Variable) (Variable) (Fixed)

j 1940 1,324,539 526,822 78,563 115,317 603,777 376,672 277,103
1961 1,253,243 310,254 90,724 108,104 S&4,171 380,031 164,140
1962 1,237,428 348,675 78,266 112,369 498,118 354,054 144,064
198) 1,169,674 338,756 85,136 106,516 419,266 318,855 120,411
1964 1,171,119 356,311 104,113 107,365 403,330 305,825 97,505
1945 1,196,047 578,173 131,531 116,662 367,681- 287,951 79,730
1966 1,292,050 618,035 185,852 © 118,840 370,123 310,708 59,4195
1987 1,321,137 600,178 113,319 135,230 472,410 374,501 97,%09
1948 1,568,593 712,031 115,105 169,864 570,795 422,354 148,441
1369 1,729,432 . 810,173 162,388 237,743 519,126 372,707 " 146,419
1970 1,797,983 086,602 174,896 245,947 490,458 345,642 144 ,B16
1324 ) 1,760,064 833,826 265,194 244,296 356,748 256,164 100,584
92 1,828,730 983,860 193,180 244,472 407,218 338,152 69,066
i973 1,735,586 945,601 202,770 232,853 354,362 335,076 19,286
1974 1,786,694 1,046,916 178,058 208,857 352,863 395,158 (62,295)
1975 2,505,912 1,549,272 234,252 288,272 433,716 423,346 16,370
19716 2,866,684 1,874,548 268,254 314,732 409,150 411,618 (2,468)
i 3,497,462 2,056,490 299,352 397,568 764,052 638,248 105,804
i 3,912,840 2,697,831 300,150 426,798 488,061 546,389 (508,828)
i1y 3,986,002 3,127,249 327,39 453,602 77,807 359,712 (2¢1,875)
1980 3,660,104 3,356,008 378,649 385,079 (459,712) 94,730 (534 ,442)
19401980 176 537 j82 234 (176) 189= (300)
Pergent Cheanga
vy, Percent 3 10 8 6 (3) Se (7)
Change Per
Year

tAdjusted for $997,000 tex loss in lbao.

T
%
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degree day has declined, we have had to produce about the same steam due to
increased loases. Purchased steam expense which is related to the steam input
to the systen has increased at a faster pace than any other costs due to
higher fuel costs, and & greater ellocstion of fixed costs to steam as electric
generation has been reduced. Expenses excluding Distribution O&M, taxes, and
purchased steam have increased moderately over the last 20 years. These
expenses increased by 1892 (51 per year) excluding the income tax loss in

1980. Such costs are more related to investment vwhich has not increased
substantially., These cost increases have not been offset by adequate rate
increases and, therefore, a "reasonable return" has not been attained.

Assuping that the unaccounted steam problem is at the customer's end,
then s continous effort of checking metering and customer inspection should
result in higher sales.

E. Discussion

The objective of this first phase of the stezm business study wvas to
recite the history of the business, document its physical characteristics, and
review the hiatory of its financial performance. The objective of the next
phase 1s to analyze the future potential profitability of the steaw heat
business. This will be addreased in Sectiom III.

The financial profitability of the stesz business has continued 2o decline
over the last decade. There are several key factors contriduting to its
decline. These factors imclude the lack of growth £n the area ssrvad by the
stean dusioess, increased loases, inflatisn in exeryy coste, agisg plamt and
distridution fecilities, and insdecuate reveoue IncTesses to meet coets.

With this dackgreund, whez is the fissrcial potential of the lusivess?

To saalyze this guesilct a2 woosnting wdel of e Fteam bainess was developed

R §~38
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PAGE 12

weing the Interactive Financial Planning System. This model simmlates the
eost accounting of the steam heat business and can be used to estimate financial
profitability under varying assumptions of key factors. Five factors were

determined to be the major considerations in the financial future of the stean

business.

1. The Grand Avenue Plant is old and could be retired. How will
changes in the level 'of the electric business at Grand Avenue
affect the steam business. As allocstion to electric drops to
gero, vhat is the impact on financial results?

2. The number of customers and the steam sold over the past

decade has continually declined. What are the possibilities
of reversing this trend?

3. The system losses have increased substantially, particularly
over the past few years. Can these losses be reduced without
a significant increase in operating expenses?

4. Rate relief has not kept pace with the costs of operating the
business. What levels of rate relief are possible from the
MPSC? How high can prices rise and yet remain competitive?

5. As nev investment is required to replace aging equipment, what
is the effect on rate levels?

A decigion tree vas constructed to analyze the financial impact of varying

four of these key factors through a reasonable range of expectations (see

Illustration C).

Key Factor Definiticns:

Eypothesis Befinition
(1) Grand Avenue cparation Yes: Grand dwenwe electric opersticn
continues? centinues fndefinilely &t cuvrest

operating lewsls.

Bo: GCrand Avenve slecivic epevatics
retives = 1900 od i wsed omiy
for stean busivese Dheveafuer.
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(2) Sales can de inecreased? Yes:
No:
{(3) Llosses can be reduced? Yes:
No:

(4) What level of rate relief Alt. 1:
can be obtained?

’

Alt. 2:

Alt, 3:

Steam seles increase to include a
large cust.mer in 1983,

Continue trend esteablished over
the past decade.

Losses are reduced to 20%.
Losses remain at 407.

Prices escalate at the Company's
expected fuel inflation rate.

Prices escalate at projected ges
price escalation rates to remain
competitive with gas.

Prices reflect full cost of service
by 1985 and thereafter.

The initial analysis consisted of developing a steam model case to simulate

each decision tree path and project the likely financial results over the next

ten-year period if that particular combination of events occur. These 24 cases

provided the basis for evaluating the future profitability of the steanm

business. Detailed financial results for these cases are included in Appendix k.

From this information, some conclusions are

formulated in Section III about

the viability of KCPL remsining in the steam heat business.

The third phase of the study (Section IV) explores alterratives to

current operations such as cperating the business as a distinguishable profit

center, as a cogeneraticn project, or a plac to get cut of the dusiness by

selling to another party——the city, another emergy company, or ancther imterested

party.
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IXI. FIRARCIAL ARALYSIS

4. Price of Stean Based on Full Cest of Service

i. Grand Avenue Station Retired Beyond 1990

Chert 1 illustrates the projected price of steam in ¢/MMBtu for Cases 3,
é, 9, aad 12 on the decision tree under the assumption that KCPL earns its
full required return of 137 on net steam distribution plant by 1984 and that
the electric service portion of Grand Avenue Station is retired after 1990.
The projected steam prices are compared to the projected price of natural gas
(General Service) as delivered and also the equivalent cost of gas converted
to steem using a 657 efficiency ratic.

Case 12 is a reference case and represents the ;tltus quot

-~Sales from existing customers continue at current levels and are diminished
slightly by increased price elasticity effects.

=-No large customer is added to the system.

-=Losses at the 40 level continue unabated.

This reference case indicates that steam prices would not be competitive
with equivalent gas even after the full deregulation of gas prices beyond 1985
start to take effect. All cases show significant rate increases sbove inflation
rates over the next few years if a 13X rate of return is to be achieved by
1984.

The competitive advantage of steam prices improves 33 adjustments to the
reference case are made. Case 9 assumes reduction of lesses frem 40% wo 202
and shows stesm prices become competitive by 1588. This ssewmes thst less
reduction ia & direct source of veveuwe. C(ase ) comtaims the sfddiziesal
assuwaption thet a very large etess cvetssey (twice ihe 2lze of sll enistisg

suateneTs conbized) could be added In 1903 o & stiveciles stess Tete $1 he
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eguivalent price of delivered natural gas. The short run impaet is %o raise
the overall price of steam gbove Case 9 in the years prior to 1986, but stean
prices remain flat and below Case 9 thereafter. In the long-rum, the overall
eteam price falls below even the delivered price of gas beyond 1989 and becomes
very competitive.
2. Grand Avenue Stntién Retired in 1984

Chart 2 contsins the cases of Chart 1 modified to include the retirement
of the electric portion of Grand Avenue Station in 1984. This causes more
stean boiler plant to be allocated to the remaining stesm business in 1985 and
beyond, thus raising the overall cost of steam. Case 15 is the_only case in
this group that becowes competitive with gas, and this doesn’t occur until
1988. This case assumes the reduction in losses from 40X to 20X and sales to
& very large customer. Retiring the electric business delays the cross-over
point where 3team prices become competitive by two years over Case 3 in Chart 1.
Case 2] shows that reduction in losses alone is not sufficient for steam to
become competitive with gas if the electric plant is retired im 1984. To
cover cost of service upon retiring Grand Avenue electric rates would practically
have to double im all cases.
3. Summary of Full Cost of Service Cases

If the price of steam is permitied to rise to its fully sllocstad cost of
service, which implies significant increases over the mext two yesrs, and is
to bdecome competitive with deregulsted gas within five years (1986), then
{a) steam losses must bde veduced to 20X eor less and (B) lavge stinse sales must
be atteimed snd {c) the retirement of the siectvic business at Crand Avenue
Sration would deve o be deleved beveand 1%W.

I the sleatric service iz vetizsd fo 1B, tias the competitive point
betvess stean and gaw I8 deleved

ter WeTe YeaTs ¢ 1980,
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8. rice of Steam Incrassed at the Rate of Inflation of Variable Fuel
ts to Produce Steam .

The next series of cases addresses the branches in the decision tree that

ssavme that the price of steam escalates at the rate of variable fuel costs.
For this analysis, fuel is assumed to increase at 13% per annum from 1981 to
1990. Chart 3 shows that at this rate of inflation, steam prices would be
slightly above gas in 1983 and 1984, and competitive with deregulated gas in
1985 and beyond. (Chart 3 IIB; shows that if steam increases at the rate of
inflation Qrojectcd for gas prices--182 per annum~-then steam never becomes
competitive with deregulated gas.)
1. Grand Avenue Station Retired Beyond 1990

Given that steam price increases are limited to 132 escalation of fuel
costs, then Chart 4 compares the rate of return earned on net steam distribution
plant investment for cases reflecting changes in sales and steam losses (Cases 1,
4, 7, 10). Case f indicates that at a minimum, steaz losses should be reduced
to less than 20% just to break even over the three years and then a respectable
return could be earned thereafter. Case 1, vhich also assumes the addition of
a large customer, delays profitability to 1986. Both cases indicate rates of
return beyond 1586 are considerably higher than the 132 required in the fuel
cost of service cases discussed in Sc:t;cn I1II-A. This suggests that steaz
price increases could be held wvell below the rate of inflation of varisdle
fuel costs beyond 1986 if losses are raduced (see Cases 3 and 9 on Chart 1).
2. Orand Avenue Station Retired fo 1984

Charz 5 plots the rates of returz for Cases 13, 1§, 1%, 22 of the decisicn

tree vhich have the sane 13X steam price escalatios a5 adove Buz fpclude the
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PAGE 17

effect of retiring the electric service ocut of Grand Avenue Statiocn. Only
Case 13 (reduce losses, increase sales with a large customer) eventually
becomes profitable beyond 1988. This indicates that 132 increases in the
price of steam alo.e are not sufficient to maintain profitability while absorbing
the impact of retiring the electric side of Grand Avenue Station.
3. Summary of 132 Price Increase Cases

These cases indicate that steam price increases at the rate of inflation
(132) of variable fuel costs are not sufficient to achieve profitability once
the electric side of Grand Avenue is retired in 1984 even if losses are reduced
to 20X and a large stesm sale is consummated. Even if Grand Avenue continues
to operate, losses must be ieduced or sales increased substantially for the
steac business to become profitable.

C. Price of Steam Increased to Match Equivalent Price of Natural Gas

This aeries of cases from the decision tree assumes tha: steam prices are
increased annually to match the price of gas on a cents-per-Btu basis adjusted
for a 652 efficiency factor as shown on Chart 3. This section will discuss
the impact of this limitation on expected rate of return for the same assumptions
on steam losses, sales increases, and the retirement of Grand Avemue Station.
1. Grand Avenue Station Retired Beyond 1980

Chart 6 indicates that if steam prices are coastrained to incresse oo
faster than equivalent gas prices, them no positive returm can be earned until
after 1983 even if losses are reduced (Case 8). Case 2 where both sales are
{ncressed and lcsses reduced does mot improve profitedilicy defore 18835. Once
gse is devegulated beyead 1983, them Both Cases 1 snd § decome profitedle. If
ealies are imcressed and lcsses ave mot Tedwoed, peelitadility doss mot fmpoove
wntil 1388 ss i illestvsted by Laee 3.

i-32
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2. Grand Avevuz Station Retired in 1984

Chart 7 shovs again that retirement of Grand Avenue Station is an impeciment
to profitability even after gas prices are deregulated in 1985. Case 14 shows
that even wvith reduced losses and increased sales a positive return would not
bc earned until 1988.
3. Summary of Competitive Gas Price Cases

Restricting stesm prices to competitive gas price increases would require
stable prices through 1982 and then increases at an 182 per year rate thereafter.
This delays a positive return until after 1985 even with reduced losses and
increased sales. The retirement of Grand Avenue Station in 1984 further
retards profitability until 1988. 1If steam prices continue to escalate at
projected gas price escalation rates, however, and no major new investment is
required, high rates of return may result after profitadbility is established.

D. Conmparison of Cumulative Net Cash Flow

1. Grand Avenue Retired Beyond 1990.

Chart 8 demonstrates the cumulative net cash {low expected in cases 2, 5,
8, and 11. These cases assume that steam prices can match projected gas
prices on a cents-per-Btu basis adjusted for a 652 ifficieucy factor. This )
chart shows the impact reducing losses haa on cash flow. Cases 2 and 8, the
cases In vhich losses are reduced, experience a positive cumulative cash flow
in 1988. The other casea remain negative throughout the decade.

2. Grand Avenue Retired in 1984,

Chazrt § demonstrates the cumulative ozt cask fliows for Cases 14, 17, 20.
and 23. This chart shows that if Crand Avesse Tetives aod Tetes malch &
eguivaient gas price, it would take Botd loss redectics sad ¢ Iarge fncresse
= sales o experiecce positive cosh flow br e e of e deceds.
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3. Summsry of Cash Flow Comparison

If the aguivalent price of gas on a cents-per-Btu basis is an approximation
for the maximum price that could be charged for steam, then reducing losses
and increasing sales are the major factors leading to a positive cash flow by
the end of the next ten years. It should be noted that the financial model
assumes that losses are all at the customers end consequently an improvement
in losses results in a revenue “increase with no additional expenses. If the
losses are a result of some other problem, the positive impact on cash flow
may not be achievable in this decade.

Charts 8 and 9 illustrate the fact that cumulative cash requirements will
most likely exceed cash infiows for the next six years or so. If steam rates
escalate at a rate that is less than expected for natural gas rates (such as
the projected fuel price escalation rate of 13%), then this negative cash
position could persist even longer. To attain the high level of returns
depicted by Cases 2 and 8 on Chart 6 will cause a cash drain in the near term.

Less optimistic conditions may cause such a cash drain tc continue much longer.

IV. CONCLUSIONS AND RECOMMENDATIONS

A. Conclusion

The financial fmpact model -nllyli;-cusgcstt that the steea business
could be made less unprofitable in the short run by reducing stesm losses
below 20X and agsfeustvtly applying for rate relief to bring the earned rate
of return on the steam business closer to the reguired veterm of 13X. Such
action would place steam prices adove the competitive price of natural g2s
before it is deregulated in 1%83. If stess price increases axe restricted o
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the competitive price of gas, then profitability and ne’ positive cash inflows
are uasttainable prior to gas deregulation in 1985,

The addition of a very large stesm customer (tvice total existing steam
sales) at en assumed price, vhich is the equivalent price of delivered natural
gas, has an immediate dampening effect on profitability because of the najor
shift in the allocation of costs to the steanm lid; of the business. The
assumed price of steam to the large customer should be examined to further
evaluate its short run impact on esrned return on steam plant investment. In
the long run as the delivered price of gas is deregulated, these additional
large sales provide revenue to more than cover varisble costs, contribute to
fixed charges and improve profitability. ‘

The retirement of the electric side of Grand Avenue Station in 1984 has a
considerable negative impact on profitability, cash flow, and the long-run
price of steam relative to natural gas. This analysis indicates that retirement
more than triples the allocation of boiler plant from the clectric business to
the stean business. The effect is to not earn the required return on the
steam business vithout exceeding the competitive price of natural ge: until
the late 1980s vhen the full effect of gas price deregulation takes place.

B.  Recommendations -

In the short run, KCPL should fsmediately establish the stesa business as
a specific profit center or KCPL subsidiary under the directiom of a Directoer
or Manager of Steam Operaticns reporting to a Vice President who is made
Tesponsidle for developing a plan for the lomg-tum profitadility of the steax

busioess or its eventual divestmest.

Be sheuld comsider the following scticem:
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Seek to minimize steam business sarninge logses in the short rus and

improve profitability in the long run for KCPL by:

{a)
®)

(c)

()

(e)

Imsediate resolution of the steam loss problem.

Pursuit of steam price increases commensurate with profitability
goals and competitive energy sources.

Investigate further the desirability of large customer additions and
pricing to absorb existing or future steam capacity.

Investigate further the impact of retiring Grand Avenue Station in
its entirety and look at the feasibility and economics of providing
steam supply from electric boilers supplied by electric power purchased
from the KCPL lysiem. The study should consider the possibility of
competition because of the availability of smaller electric boiler
installations to steam customers who would purchase electricity on

a large commercial/industrial rate. How many existing customers
could convert to this type of system? HRow would these systems
compete with natural gas options?

Analyze the accounting allocation procedures to ascertain if the
allocation system accurately defines the true costs of the stean

-

business.

With the help of KCPL personnel (ESCC, etc.) and/or engaging & qualified

consultant, investigate the possibility of KCPL divesting itself of the

ateam dusiness by:

{a)

Selling the stesw business “az ia” wpon the retirsment of Grand
&eenue Statice. Who are the potantial burers sl om what terms?
Bat ave the regulstely comsiderations? et cheoges could de sade
to the dusiness o wake total oo parlial devesteent posnidis?
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S&ladng VN steas business, following potential refurbishments and
retirement of Grand Avenue Station as suggested under 1.(d) above.
¥hat conditions would make the sale attractive to a prospective
purchaser? What are the political and regulatory considerations in
the sale?

Considering an alternative to retiring Grand Avcnu? Station~~
refurbishing and structuring the operation of Grand Avenue Station
as a co-generation project over the next 10 years. Establish a
separate company which sells by-product electricity to the KCPL
system. What would be the required price of steam and revenue from
electric output -bld to KCPL to make this alternative an attractive

venture to a potential buyer?
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i = EXECUTIVE SUMMARY

introduction and Purpose

After supplying low-pressure steam service in downtown Kansas Clty for nearly
100 years, a series of recent events focused KCPL's attention on the urgent
need for a long-range study of the downtown steam system. On

March 9, 1982, the Electric Supply Coordinating Committee (ESCC) issued

a Statement of Scope for the Long-Range Steam Heat Planning Study. The pur-
pose of this study is to develop a recommendation for a long-range plan for
KCPL's downtown steam system, with primary emphasis on a plan that is tech-
nically and economically feasible, and will contribute to maintaining steam

as a competitive and reliable heat source through the year 2000.

Concentrating on the period 1984-2003, the study consists of engineering and

economic evaluations of alternative plans for meeting future steam require-
ments. The criteria for evaluating an effective plan rests on the two basic
strategies of (i) providing downtown steam service which is both reliable and
competitive in price with natural gas and (ii) maintaining steam rates such

Ny

that KCPL can recover the costs of steam heat operation.

The Downtown Steam System

The downtown steam system can be separated intc two components - the steam

distribution system and the steam generating facility at Grand Avenue Station.

The steam distribution system consists of mearly twelve miles of underground
pipe buried beneath the streets of downtown Kansas (ity. Two high pressure

steam mains origirate at Grand Avenue Sta2tion and transport stlea® 10 w0
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dasuperheat ing and pressure reduction stations, prior to final distribution
te customers In the downtown srea. Most of the steem distribution pipe is
quite old, with less than 20% of the total footage installed since 1960

and with some sections now over 75 years old.

Steam usage is measured on the customer's premises primarily with condensate
meters., Although the meter itself is an accurate device, leaks in the con-
densate line, Iintentional diversion of condensate, non-condensing uses for
steam, and other factors can result in less condensate being returned to the

meter than that which corresponds to actual steam usage.

Steam josses have Increased substantially over the past four years, and now
are reported to be between 30 and 40%. The aging steam distribution system,
combined with metering problems, have contributed to this increase,

Programs are currently underway to correct this problem.

Steam for the downtown heating system is generated at Grand Avenue Station,

2 dual-use electric and steam facility which has been in operation since the
early 1920's. There are currently three dual-fueled (coal or naturai gas)
boilers that provide the gulk of the steam requirements. Due to the fact that
these boilers were designed primarily to serve turbine-generator needs, steam
for the downtown system is generated at a higher temperature and pressure than
would otherwise be reguired, lntroduc}ng an inherent thermal inefficiency in

the overall steam heat cycle.

Grand Avenue is now the oldest active generating stetion Iin the KCPL system,
a factor comtributing significently to severa! cperating comstraints thet

izpact the cost of stesm. DResigned in am grae pricr te plent autometion,
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aperations are highly lebor intensive. Further, with no electric generation,
the boller design itself limits the burning of coel to high steam loeding
pariods, requiring that more expensive natural gas fuel be burned during

fower load periods.

The customer uses steam primarily for space heating with minimal non-winter
loads and summer use limited mainly to domestic hot weter heating and use
in kitchen facilities. This results in an extremely low system load factor -

approximately 28%.

The customer base served bylthe steam system has been declining over the
past few years, and at the end of 1981 consisted of 204 customers, Annual
steam sales have experienced a corresponding decline. During 1981, steam
operations resulted in book revenue of about $3,894,000, and a year-end net
operating loss of $595,366. Presently the average price of downtown steam

is about $8.50 per Mib.

A forecast of future steam heat load was prepared for the year 1984 and
held constant for the remaining 20 years in the study period. This fore-
cast consisted of the e;isting customer base, adjusted for known future
changes. The forecasted steam load is well within the steaming capacity

of the existing Grand Avenue equipment throughout the study period.

Because of its dual function of electric generation and steam heat produc-
tion, Grand Avenue is subject to & compliex allocation of property and
expenses for rate case purposes. When the electric gemersting facilities
are vetired, the remeining plent and expenses will be borme antirely by
the dowmntown ratepaver.
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§teas System Scenarlos
& series of related long-range planning scenarios ware studied by utilizing
computer programs which simulate the production and cost accounting aspects
of the steam system. These scenarios concentrated upon the steam generation
segment of the system, addressing the primary issues of fuel costs, electric
facility retirement, boiler age and efficiency, and system load factor.
Unique cases were developed to simulate the following steam system scenarios:
1. A base case representing a continuation of the current steam
system serving the existing customer base;
2. A variation on the base case which Timits downtown steam ser-
vice to the six-month winter heating season only;
3. The use of electrode boilers for minimum load and/or standby
service;
4. Modifications to Grand Avenue equipmeni that will allow coal
burning for minimum load conditions;
5. Substitution of either electrode boilers, coal-fired package
boilers, or fluidized bed boilers for existing Grand Avenue
steam gcneratin§ equipment;
6. The addition of a new large, high load-factor customer to

the existing customer base;
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Conclusiong

For each of the major scenarios outlined above, the resulting cost of steam

service to the customer is compared to the forecast cost of natural g8s.

Based upon this comparison, and a detalled analysis of the results of the

simulated steam operation, the follewing conclusions result:

A continuation of the present operating system of serving

the existing customer base with existing facilities results

in 2 downtown steam system which cannot be both profitable

and competitive with natural gas. Contributing factors

include:

low system load factor together with minimum load
constraints on the boilers results in high use of
nafural gas in the six-month non-winter season;
inherent thermal inefficiencies of producing super-
heated steam for delivery to the customer at low
pressure and temperature;

the need to provide "“'quick start" backup -capability '
results.in 2 large volume of natural gas burn to
keep a boiler on hot standby; and

Grand Avenue Station age and design result in a very
labor intensive ope;;iion with high operations and

m2intenance expense.

2. With the electric facilities retired in 1390 23 planned, the

ural ges due to the following:

dowmtown steam system becomes even less competitive with paz-
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= although total station QSM is reduced by 32% with
electric retirement, the loss of allocation to
electric more than offsets this effect resulting in
&n increased cost of steam;

= the cost of steam to the customer Is 1.7 times the
cost of natural gas in 1990, and the cost of steam

increases by a fector of & during the period 1982-1990.

0f the possible new technologies for generating steam, elec-
trode bollers results in the lowest cost steam; however, steam

Is still not competitive with natural 98s in the near-term;

Shutdown of the steam system during the six-month off-peak
period, use of electrode boilers for standby, and the

burning of coal at minimum load all result in 2 reduced steam
€ost but the system is still not competitive with natural gas

until late in the study period;

Addition of new winter peaking, low load-factor steam loads

does nothing to improve the viabllity of the steam system;

Fuel and 0gM expenses represent 81% of the cost of providing
downtown steam in 1990. To make the existing steam system
competitive with natural gas after Grand Avenue electric
facilities are retired, projected fuel and CsH expenses have
to be reduced by ebout 50%. it is unlikely thet such &
reduction could be achieved while retaining an sccepladle

leve! of service;
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investigations currently underway mey ldentlfy methoﬁ which
could reduce operating costs in the short-term. These would
inciude:
- coal mill and burner modifications to permit coal burn-
ing at low steam conditions thereby reducing fuel costs;
= reduced pressure boiler operation to mitigate thermal
cycle inefficiency; and
= trensfer of major maintenance projects to Central Main-

tenance to reduce maintenance labor at Grand Avenue.

The addition of a new large, high load-factor customer has the
effect of lowering the cost of downtown steam such that the
system is competitive with natura) gas. This results from the
following: -
- increased system load factor permits coal to be burned
year round, reducing fuel cost per MIb by about 40% in
1990;
- 0&M expense is spread over more units of output reducing
0&M cost per MIb by over 60%:
= even with electric retirement, the price of downtown
steam in 1990 is reduced from $38 to $23/MIb and the
cost to the customer is competitive with the cost of
natural gas.
= downtown stesm remains competitive as long &5 the new
customer is om the system and provided thet mo large

capital expenditures ave messed.
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Based upon the results of this study, the following long-range plan is rec-

ommended for the steam system:

Add a new large, high load-factor steam customer as soon as
possible but definitely prior to the retirement of electric

facilitles at Grand Avenue:

In the interim period until the new large customer has been
added, continue to operate Grand Avenue as a Jjoint electric
and steam plant and Improve steam's competitive position with
natural gas by implementing cost saving measures which inciude:
= greatly reducing natural gas usage for boiler hot
standby and under minimum load conditions;
- reducing labor expense by shifting major maintenance
projects to Central Maintenance;
- investigating the possibility of reducing coal costs
by purchasing Grand Avenue coal from small suppliers
on the spot market during periods of soft market

conditions. -

Continue to run the existing coal-fired Grand Avenue boilers for
the foreseeable future to avoid large capital expenditures

required for a techology changeover;

If there is no prospect for the addition of a new large, high load

factor customer, the following course of action should be considered:
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= by year end 1985, "freeze" the svailability of the
steam rate to prevent new customer entry onto the
system;

= upon retirement of electric facilitles at Grand
Avenue, consider the possibility of seasonal steam
service only during the six-month heating season
to reduce fuel end 0tM expense;

- as the customer base is reduced through attrition,
continue to aggressively pursue plant and expense
cutbacks at Grand Avenue Station;

- at the point that electric heat becomes competitive
with steam heat, promote customer conversion with an
iﬁcentive such as leased electrode boilers and/or an

incentive electric heat rate.

Update the study of downtown steam at intervals no greater than every
two years. (n the interim, continue to investigate and where
appropriate, Implement, cost reduction measuras particularly

as they relate to fuel and 0¢M expenses.

o
2
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£0 = INTRODUCTION

Low-pressure steam service has been supplied to downtown Kanses City for
pearly 100 years. Although provided since 1929 as @& convenlent by-product of
electric generatlon at Grand Avenue Station, downtown steam has now grown to
be depended upon as & primaery heat source for most of the downtown business

district.

As electric operations at Grand Avenue have declined in megnitude and Importance,
steam costs have risen and steem service has become more of a primary product

of Grand Avenue operations. For the past several years there has been growing
awareness that Grand Avenue overall equipment age and condition couid eventually
limit future steam heat business. This general perception was crystallized'with
the November 1981 approval of KCPLAN which projected the retirement of Grand
Avenue electric faclilities by about 1990. Although KCPLAN identified the
refurbishment of older coal-fired generation as an alternative to retirement

at some stations, & subsequent study by Black & Veatch confirmed earlier
indications that Grand Avenue electric equipment was beyond the point of eco-

nomic revitalization.

At this same time, four other separate but related events helped focus attention
on the urgent need for & new long-range study of the downtown steam system. First,
the conversion of a major downtown retail store to natural gas hesting rajised
concern for both the lmmediate and long-term competitiveness of steam heat.

Next, the request by 2 mejor industry for process steam thet could eventuelly
more than triple annual steam ocutput and incresse peak-hour demand by 705

focused attention on the aging Grand Avenue 3tes= fecilities. Third, guestions

were raised a3 to the loag~term avallabillzy #ad comt of stess Best 23 Ransas
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City enters a period of downtown revitalization. And, finally, an internal
report presented several questions concerning the long-term financlal via-

bility of the present steam heat system.

in response to these challenges, the internal management of the steam heat
system received renewed attention in early 1982, Subsequently, on March 19,
1982, the Electric Supply Coordinating Committee (ESCC) issued & Statement

of Scope for the Long-Range Steam Heat Planning Study.
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The purpose of this study is to develop a recommendation for a long-range plan
for KCPL's downtown steam system. The primary emphasis of the study Is to de-
velop 2 plan that is technically and economically feasible, and will contribute

to maintaining steam as a competitive and reliable heat source for the downtowr

area through the year 2000,

Concentrating on the twenty-year period beginning in 1984, the study consists
of engineering and economic evaluations of alternative plans for meeting future
steam requirements. Develoﬁment of the plans examined in the study was guided
by the following presuppositions:
F. KCPL will continue to provide steam heat service in the future;
2. Alternatives such as discontinuing service, divestiture, or
establishm&nt a5 a nonregulated subsidiary are beyond the scope
of this study; and
3. Solutions to immediate problems, such as large steam losses,
are assumed to be successfully implemented as planned in the

period prior to 1984,

The criteria for an effective long-range plan rests on two basic strategies:
(i) providing downtown steam service which is competitive with
naturai gas as an economic and reliable heat source for the
long term; and
(ii) maintaining steam rates such that ECPL can recover the fixed and
variable costs of steam heat operation, while sarning an
sdeguate rate-of-return on steam heat investoens.,

Both of these strategies mest be effectively setisfied o iaep the steem mystem
viable,
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= EX} TEAM SYSTEM

The distribution of steam for heating purposes in downtown Kansas

Tity was begun Vn VBBB by the Kansas City Electric Light Company from its
electric generating station at 60k wal) Street. The system was expanded to a
larger customer base in the following years and a second source of steam

supply was added at (308 8altimore. (n 1929, Grand Avenue Station began supply-
{ng high pressure (185 psig) steam to the downtown area. Qver the years, the
two older stations at wall Street and Baltimore were phased out as Grand Avenue

Station assumed more of the steam load.

The downtown steam system can be separated into two components. The first is
the steam distribution system - nearly twelve miles of underground pipe beneath

the streets of Kansas City. The second is the steam generating facility at

Grand Avenue Station.

Distribution System

The downtown steam system covers about 100 square blocks in the downtown business
district, extending approximately from 6th Street on the north to l4th Street on

the south. The west boundary is Broadway and a high pressure steam line runs

as far east as Holmes.

Two high pressure (185 psig) steam mains originate at Grand Avenue Staticon, each
capable of carrying the entire downtown steam lcad. The high pressure steam is
transported to two desuperheating stations located at 1319 Wyandotte and

604 Baltimore (the old wWall Street stesm p;;;E\?¥tc§g At the desuperheating
stations, the steam pressure s reduced to 105 psig Eit I8 psilg for distribution
t; the majority of customers. After the stesm is wsed, the condensate is

-§3-

£ 2-13%
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discharged to the sewer system requiring total make-up from city water at Grand

avenue Station. A diesgram of the downtown steam system Is shown on Figure (V-).

The last major steam mwaln extension took place in 1958 when the second high pres-
sure line from Grand Avenue was Installed. Less than 20% of the total 62,000
feet of steam distribution mains has been installed since 1960. Some sections

of the downtown distribution network date back to the Kansas City Heating

Company and are over 75 years old.

An irportent element of the distribution system Is the metering. Steam is meas-
ured and billed In units of thousands of pounds (MIb.) through either a flow
meter or a condensate meter. Flow meters are an electro-mechanical device that
directly measure the volume of steam. This type of meter is not commonly used
on KCPL's system for two reasons. First, a flow meter is more costly than a
condensate meter and, secondl!y, it requires a relatively long length of straight
steam flow at the entrance to the customer's property. For the latter reason,

its applicability is severely limited.

Condensate meters are commonly used on the downtown sfeam system, A mechanical
device, the condensate meter measures steam Input Into & building by measuring
the condensate flow out of the building. After the usabie heat has been
extracted from the steam, the steam condenses.- returns to water - and is
piped through the meter before discharge to the sewsr system. Although the
condensate meter itself is an accurate device, the potential for inaccurate
measurement of steam input to 8 building is great because all the condensate
may not be returned through the moter. Leaks in the coademsate linme,
intentional diversion of condensete, and non-condensing uses for steam such
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a3 humidification ean result In less condensate belng returned through the meter

than steam Input to the bullding.

System steam losses have Increased substantlially over the past four years. Until
1978, losses (measured as the difference between steam sendout at Grand Avenue
end steam metered on the customer premises for billing) generally were between
10% and 20%. 1n the last four years, losses have steadily Increased to between
30% and 40%. The decline In load levels, aging steam distribution system, and

metering problems have contrlbuted to this increase.

A number of measures have been implemented in the last several months to
correct the high loss probiem. Formal schedules have been estabiished for steam
maintenance, meter reading, inspectlons.cnd other operating aectivities. The
Steam Department is utilizing infrared scanning to detect leaks in the system
and customer inspections to identify condensate leaks, diversions, and faulty

meters. The number of people assigned to steam maintenance has increased from

five to ten, including & maintenance supervisor and two labor crews.

Because of the corrective action currently underway, for this study losses were
assumed to be 20% - a significant improvement over recent history. The reduction
in losses to 20% seems reasonable In light of the fact that losses averaged only

13% for the period 1960 to 1978.

grand Avenue Station

in 1927, KCPL purchased the faciliity thet later would e koo o3 frand Avenue

Station. The staticn begen providiag steem service in 1509 and thenw

sh the years
was modernized uati! by 1950 it sssumed sssentially the essigeent configurstion
that exists todey.
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There are currently three dual-fueled (coal or natural gas) boilers designated

~

#6, #7, and #8 that provide the bulk of the steam requirement. Full-load steam-
ing capability of the boilers totals 910,000 pounds per hour and Is distributed
as follows:
Boiler # 340,000 1bs./hour Boiler #8 285,000 1bs.hour
Boiler #7 285,000 1bs./hour
In 1969, 1A boiler, an oil and natural gas fueled package boiler with a 200,000

1b./hour capability, was added to supplement the station steam supply.

As shown in Figure 1V-2 the th;ee large coal-fired boilers are connected through
@ common header. Steam at the header can be extracted for sendout to the downtown
steam system or passed through a turbine for electrical generation. Boiler 1A,
which Is currently in need of major repair, produces lower pressure steam for use
directly in the downtown steam system or for boiler feedwater heaters. Because of
the turbine requirement, superheated steam is produced at about 650 psig by the
three coal-fired boilers. The steam is then cooled {desuperheated) and the

pressure is reduced to 185 psig for sendout to the high pressure steam system.

In the winter, at times of high steam heat load, a portion of the stesm heat
sendout is first passed through #5 turbine generator. This turbine (a so-called
"topping" turbine) acts as a pressure reducing valve which utilizes Meh pres-

sure, superheated steam to produce electricity aad then exhausts 185 psig steanm

to the downtown steam system. This Is a very efficient cycle but It can enly
be used in winter when the downtown steam load Is high.

in the 1970's, electric gemerating capadility a2 gramd feenge was & high as

108 Mi. Qwer the past few yoars &m¥ammmmm§€ﬁwm%
inattive Teserve tatus 2 thel cerTent sctredited capecity Is 40 M. Betirssen:
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FIGURE tv-2

STEAM GENERATOR FLOW DIAGRAM
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of the remaining electric generation at Grand Avenue is projected for 1990.

Although the amount of capacity at Grand is relatively minor, the importance of
that cepacity is not. The downtown area is served electrically through a jow
voltage underground network system. in the event of multiple system contingencies
that would interrupt electric service to the downtown network, Grand currently

provides the electrical backup for the Kansas City business district.

Because of its dual function of electric generation and steam heat production,
Grand Avenue is subjected to a complex allocation of property and expenses for
rate case purposes. Historically, the allocation had been based on the premise
that Grand Avenue was primarily an electric generating station with steam a
secondary product. In recent years, as Grand has assumed primarily an electrical
peaking function and as generation has been retired or deactivated, the steam
heat segment of the business has assumed an increasing share of the Grand Avenue
costs, 1f the remaining electric generating facilities are retired in 1990, the

remaining plant and expenses will be borne entirely by the downtown steam ratepayer.

it is Important to understand some of the inherent operating constraints at Grand
Avenue that contribute to the cost of steam., These include (i) the relatively
high Q&M expenses associated with the station, and (ii) design and operating

constraints that adversely lepact fuel costs.

(i} 0¥ expenses
Grand Avenue i3 now the oldest active gemerating stetion in the KTRL
system. Purchased in 1927, the statics wea origicelly desigoed and

cperated to provide 2% heriz elecivic power for the stisselcer system,
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Although reconstructed after Its purchase with new coal-burning
facilities added in the late-1540's, Grend Avenue remains an
essentially mon-sutomated power plant characteristic of the late
1940%s. Thls basically labor Intensive operation is further
increased by the station's age which requires that a great deal

of maintenance be performed to keep equipment operating properly.

(i1) Fuel Costs
The largest component in the cost of steam is fuel expense. Here,
as in the case of O6M expenses, Grand Avenue's physical character-

istics present some significant problems.

Located on the Missouri River adjacent to the main business district

of Kansas City, Grand Avenue has limited space for coal handling and
storage facilities. As 2 result, coal for Grand Avenue is delivered

via unit trains to Hawthorn Station, with a8 few coal cars subsequently
diverted to Grand Avenue as needed. Coal unloading is a time consuming
manual process, using 2 gantry crane and conveyor system. Both of

these factors add to the transporation and unloading costs of Graﬂd
Avenue fuel, and directly impact the coal cost reflected in the steam
rate,

Steam can be produced at 2 moderate fuel cost on coal, but because of
minimum load constraints, high cést patural ges =wust be wsed to produce
steam during most of the six-moath son-winter sessce. When downiown steam
load falls below 100,000 pounds per bour and there ls mo meed for electric
generation, the bollers must be fired with maters! 38 becavse of

inherent boller instadiiity 2od coal pulverizer limizetiems.
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Contributing to the high fuel cost is the natural gas bu;ﬁed to keep
@ boller on “hot-standby". Boilers take several hours to be brought
up to operating pressure and temperature. Consequuntly, in order to
provide reliable service in the event of forced outage of the primary
boiler supplying steam service, a second boiler must be kept hot by the
use of natural! gas piiots. At present, the estimated cost of natural

gas for hot standby is approximately $650,000 per year.

Another factor that affects fuel efficiency for downtown steam pro-
duction is the boiler design itself. The boilers are designed to
produce the superheated steam under conditions necessary for the elec-
tric turbines. The steam for downtown heat is then desuperheated and
the pressure reduced for sendout. This requires fuel Input to the
boiler of approximately 1700 BTU to produce a pound of steam for send-
out that has a heat content at the customer's premises of about 1200 BTU.
A boiler designed solely to produce the lower pressure and temperature
steam necessary for the heat system would require significantly less

fuel input.
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Forecasting future steam load is essentially an empirical process, subject to
a considerably less rigorous process than that followed In electric losd fore-
casting. It essentially consists of evaluating the existing customer base

and their possible changes in the future, adding in the effects of new customer
additions, and finally adjusting for perceived future economic and competftive
conditions. This was the process followed in developing the steam forecast

for this study.

Existing Customers
At the end of 1981, KCPL had 204 customers receiving downtown steam service.

This represented a 3% decline from 1980, and a decline of 68 customers since

1971 when the system served 2 total of 272 customers.

Annual steam sales in 1981 were about 500,000 Mlbs., with a peak steam demand
of about 364 MIbs. per hour experienced during the winter season. Due to an
unusually mild winter during 1981, steam sales were especially low. A more
representative year would be 1980, at which time annual steam sales were about
634,000 Mibs., with a peak winter demand of about 383 Mibs. per hour.

Annual steam sales have also declined over the past 10 years from a 1971 level

of 1,181,000 Mibs.

The price of steam has increased slgnificentiy over the past fon vears., Pres-
ently, the average price of steam is svowt $8.50 per MIb. This compares to a
1971 aversge rate level of adowt $1.50 per mid., which bad been held essentially
constant siecs the early 1960%. Duriag 1381, stess cperatioms ganerated
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book revenue of $3,894,125, resulting in a year-end net operating loss of

$595,366,

As previously discussed, steam sendout or Input into the system Is metered at
Grand Avenue Station. Steam sales are metered on the customer premises. How-
ever, because the metering is primarily of the condensate type, the meter
registers sales volume after it has passed through the customer's internal

piping system. The difference between sendout and sales are the system losses.

Table V-1 jllustrates the declining trend in steam sales over the last decade,

Steam input has also declined, but at a lesser rate so that losses have increased

substantially.

Forecast

A 198L projection of the peak hour steam sendout of 359,000 pounds per hour was
used as the starting point forecast for the study. The peak load and anaual
steam sendout were then adjusted for known changes, such as the addition of the
Vista Hotel and two other major downtown office projects. In addition, steam
sendout was reduced by 5% in order to recognize that less steam will be required
as system losses are reduced from the current &0% to 20%. The assusption is
that of the projected 20% reduction in losses resviting from corrective actien
currently underway, one-fourth {5%) is due to correctadle problems with the
steam distridb.tion system. The reanié@ag three-quarters (18] of correctadle

tosses were acded to the projecied sisem sales Decause it cCTurs Reyond the

point of delivery to the customer, either o2

alfunctioning meters.

r&ﬁgm “precast is & 1380 pesh stess lsae of 364 300 pounds per hawr,
with ameal steee sendeet of 827 300 sinas. Losees v 20 messltism la somand
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TABLE V-1
HISTORICAL. GRAND AVENUE STEAM HEAT STATISTICS

Customers Input to System (MMLB) Sales (MMLB) % Lose

Connected (Less Company Use)
1971 272 1346.5 1141 15.3
1972 259 1354.5 1169 13.0
1973 258 1218.8 1139 6.5
1974 251 1137.% 882 22.5
1975 252 1120.1 922 17.7
1976 253 1126.6 868 23.0
1977 248 1115.0 508 18.6
1978 222 1243.5 864 30.5
1979 216 1195.3 764 36.1
1089 215 1053.0 634 3.8
1981 204 $20.0 303 43,8
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steam sales of 709,600 Mibs. The forecast was considered a constant over the

study period.

Load Factor

Steam is used primarily for space heating with only minimal nonewinter load.
The resulting system Io;d factor is very low - approximately 28%. The fore-
casted winter peak load of 364,000 pounds per hour contrasts sharply with the
forecasted summer minimum load of about 15,000 pounds per hour. Figure V-1

is a plot of the forecasted mcnthly peaks {ilustrating the seasonal load shape.
Summer use Is limited primarily to domestic hot water heating and use in
kitchen facilities. The Federal Office Building, the largest summer steam
consumer, is in the process of converting from steam turbine driven ajr con-

ditioning to an electric drive system,

In 1972, system load factor was severely degraded with the closing of the Schlitz
Brewery., The brewery was not only a large steam user, but it was a high load

factor consumer using large volumes of steam in all months of the year.

The importance of load factor improvement cannot be overemphasized. A substan-
tial Incresse in off-peak sales during the mon-heating season could greatly
reduce overall cost of steam production by negating the minimum locad coastraints
at Grand Avenue Station. If off-peak steam sendoul can be imcreassed to over
100,000 pound: per hour, coal can be burned Instead of high cost natural gas.
The reduced fuel cost coupled with the largely fixed cpersticms and meintenssce
expenses being distriduted over more pounds of stess oulpel would grestiy reduce
the cost per pound to the customer. The steae lowd derstion curve la Figere ¥-2
Illustrates the extent of the probies. Over §07 of the bowrs Ia the year, losd
is less thaa 130,000 pounda.
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The scope of this study covers the 20 year period from 1984 through 2003, 1984
was selected as the starting point for the study In order to avold modeling
short-term operational changes currently being impiemented in the steam system
and to "'filter out" the effects of the current general business slowdown. A
horizon year of 2003 was chosen so that the period of study is sufficiently long
to test both the implementation and impaﬁt of various altc}natives. Primary

analysis, however, will concentrate on the early years of the study period.

Overview

The critical year in the study is 1990, when the electric generation facilities
at Grand Avenue Station are projected for retirement. At that point in time, the
remaining bofler facility will have been in service for over 40 years. As a

result, in all cases studied, electric generation was retired in 1990,

" The study effort concentrates on the steam generation segment of the system.

The present level of distribution system 0cM expense was increased by 50% and
escalated into the future. The increased distribution system expenditures are
projected to reduce distribution system losses from &0% to 20% by 1954 and main-
tain a reliable distribution system in future years. To put the increased disz-
tribution system expenditures in pcr:pgctivt. the amount of Increase could cover
the installation of over 400 feet of new stesm main ammually in addition to the

present level of asctivity.

The stean generating system at Grend Avenwe presents & sunber of emisting oper-
ntiQm;:niauM have @ mejor impace a&mmﬁmm e
mmm the future retirement of electiric msmm e additioe of & largs
tndustrial costoeme, or the mveria! muploswewst of e enisving Sollers aach
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have an lmpact on the downtown steam customers. Scenarios examined in the study
addressed each of these subjects. In all cases, a 132 rate of return on net

plant was held constant.

Herein follows a brief description of the primary Issue addressed in the study

by means of computer simulation of the steam system,

Fuel Mix

The present fuel mix at Grand Avenue s epproximately 40% natural gas and 60
coal. Of the $4.5 million fuel cost experienced during 1981, over half was for
natural gas. As discussed in Section |V the large gas burn is the resuit of two

operating constraints - minimum load and hot standby.

In an attempt to overcome these fuel cost obstacles, cases were constructed to
reduce the natural gas burn by substitution of electrode boilers for hot
standby and to carry the steam load during low load periods. Electrode boilers
have the capability to reach operating temperature and pressure in a matter of
minutes rather than hours, without the pilot fuel requirements. The tradeoff
is the capital cost for new electrode boilers. Electrode boilers used in this

operating mode can be thought of as “peaking'’ units much the same as combustion

turbines on the electrical system,

Another possibility thet wes studied to reduce the natural ges burned during
minimum load conditions wes to convert te & sessoms! form of service. Stesn
heat could Be provided enly guring the siz-eonrth wister space heatiag seascm,
Not only is there an obvicus fuel savimgs, det Qem espense conid be reduced

significantly. This mode of cpersties is sessidble ealy If the elesiric gemer-
ation i3 reyired.
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Electric Retirement

in ail cases, electric is projected to retire in 1990 resulting in an increase
in cost of steam charged to the downtown customers, Under the present allo-
cation method for this dual function generating station, approximately 80%

of the plant and over 75% of non-fuel operations and maintenance are allocated
to electric. Of the total 1981 Grand Avenue fuel burn of $4.5 million; $2
million was charged to electric generation. The net electrical generation

for 1981 was 21,600 megawatt hours.

The retirement of Grand Avenue electric facilities results in a reduction in
total property and & significant reduction in 0tM expense (estimated at about
one-third of the present total). However, the remaining plant and expenses,
part of which were previously allocated to electric, are then directly assigned
to downtown steam, The erraIl impact Is that elimination of the dual function
and the allocation of plant and expenses overshadows the reduced expense bene-

fit of electric retirement resulting in increased cost of steam to the customer.

Boiler Age and Efficiency

By 1990, the boilers at Grand will be kO years old or older. As discussed in
Section |V, these boilers are designed to produce turbine guality steam {(£50 PSIG
and 776° F) which requires more fuel input than would be necessary to produce
the quality of steam necessary for ééuatcun heat customers (185 P3IC and Aza° F).
To overcome this thermal inefficiensy, 2iternate technologies were studied with

the objective of compieting a stesm eguipment change-ower by 1980,

New bollers could greatly increase fuel efficiency, reduse opevelicas and maie-
tenance expense and sxtend the life of the system. The trade-off is the high
capitel cont reguired for essentially o son plamt. A duscrintion of Ciw oee

.
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technology options studied follows:

C .

Electrode Boilers. Commercial electrode boilers are readily

available in sizes up to 135,000 pound per hour steaming
capacity. The boiler is a single steel pressure vessel with
water pumped through during the heating process. An elecicrical
current is passed through the water using the resistance of the
water as a heat generator. KCPL has electrode auxiliary boilers

in service at latan Generating Station.

The advantages of electrode boilers include significantly
lower OtM costs and capital costs compared to similar sized
coal fired boilers. In addition, an electrode boijer requires
minimal space, it is efficient, and it can be designed to
supply steam at the pressure and temperature necessary for

direct sendout to the system.

The preliminary concept for this alternative was to install
electrode boilers on the Grand Avenue Station turbine deck
when electric generation is retired to take advantage of the
existing electrical system to the generators. This would also
permit installation of electrode boilers independent of the

final disposition of the existing cosl-fired bojlers.

Preliminary cost estimetes in 1982 dollars is $! millien for
8 135,000 pound per hour electrode boller. ja sddizion, one
40 WA trensformer would De reguired to support the cperetion
of four electrode boilers. Adéitiese) dolilers wonid reguive
additional tramcformaiion cepadilitzy. Cosy of alecivigal -
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energy input was assumed to be KCPL's then current 'system

average cost of fuel and OEM.

Package Boller. Coal-fired package bollers are commercially
available, however, they require all of the current ciean air
equipment (scrubbers and precipitators) usually associated
with large electrical generating stations. Because of the
space requirement for this type of system, the addition of
package boilers would be difficult without dismantling the

existing boilers. °

Estimated 1982 cost of a 135,000 pound per hour package boiler
is $14 million, Including installation of coal, lime and ash

handling systems.

Fluidized Bed Boilers. In a conventional coal-fired boiler,

puiverized fuel is fed Into the boiler flame where combustion
takes place in the air stream. A fluidized bed boiler is
different In that a bed of coal and limestone is comdbusted in
the lower portion of the boiler. Fluidized bed technology is
capable of coal-fired operation without complex air quality
contro! equipment and still meets flue gas limitetions imposed

by current air quality regulations.

One commercial size doller is currestly sarkezed in the United
§tates based on developmental werk done la Finland where nise
such bollers are ir cperation Burning warioes funls, iogleding
trash, peat, end conl. The cest esiimate in 1382 dollers for
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@ 135,000 pound per hour fluldized bed boiler is $9 million.
Although this is significantly less than a conventional
package boiler, the cperating costs for fluidlzed bed are

estimated to be significantly higher,

Load Factor

As previously discussed, load factor improvement could have a significant favorable
impact on the cost of downtown steam and was therefore studied in detail. The
addition of a large industr{al process load with a very high load factor cculd
eliminate the natural gas burn during low load periods. In addition, the largely
fixed 0cM expenses and return on net plant could be spread over more units of
output. The impact of these two effects can result in a greatly reduced cost per

unit of steam output.
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Vil - PLANNING SCENARIOS

The series of related long-range planning scenarios were studied by utilizing
the Power System Simulation (PSS) program for production costing and a simpli-
{ied sccounting model for approximate steam cost to the customer. These
planning scenarios first involved the development of a base case, which
represented a continuation in the future of the present steam system serving
the existing customer base. Subsequently, variations from this base case
wire developed which were directed toward exploring the key issues reviewed

j= Section Vi. For each scenario, the cost of steam service to the customer,
expressed in cents per million BTU and in dollars per Mlb., is compared to

the cost of natural gas to the customer in the years 1930 and 2003.

The $5S program was modified to simulate the operation of the downtown steam
system, with the Grand Avenue boiliers dispatchedito meet bi-hourly steam loads.
& load model for downtown steam was constructed from actual load shape date

for periods that closely matched the 40 year average heating degree days. The

P:S program calculated annual fuel and O6M expense for Grand Avenue steam service.

Tha fuel and OtM expense was used as input to a simple model that simulates
the cust accounting for the steam heat business in order to estimate the
price nf steam to the customer. The calculation is not intended tc be 3
precise determination of steam arice; but rather an estimete. For enample,
zhe mode! uses net plant-in-service as & surrogale for rate base and it does
apt iacluge workimg capital mor is it offset by deferred lncome tex reserves.

wowever, these are relatively mismor eo

s 1 with fuel and produciion 088 re




A complete list of the engineering and economic parameters used in this study

~

are contained in Appendix A. In addition, copies of the detailed computer

cutput summaries for each major scenario are contained in Appendix 8.
The following summarizes the results obtained for each ma jor scenario developed:

Case | (Base). The Base Case represents a continuation of the
turrent steam system serving the existing customer base, and
essentiaily represents a '‘business as usual' approach., Grand

Avenue continues as a dual function station until 1990, at which

time the electric generation is retired and overall O&M expenses

are reduced to reflect the related labor and materials savings.
Labor is reduced by appfoximately one-third as the authorized
manpower dropped from over 140 to 94 people. Materials for tur-

bine generator related maintenance are eliminated resulting in

m|me a
A

about a 15% reduction. All remaining expenses are directly
charged to downtown steam, and as previously noted, results in

2n overall increase in steam system Q&M.

Natural gas continues to be burned for hot standby at the rate

a5R @I R

of 20 MCF per hour throughout the year. &as also continues to
be burned in the primary boiler whenever steam load is under
100,000 pounds per hour. Boilers #6, #7, and #8 are dispatched
to meet load and boiler 1A is mot considered cperationsl for

this case.

aﬁ% o - %ﬂ\ﬁ -
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Table Vii-1 compares the cost of steam to natural gas for the
years 1930 and 2003. Steam is not competitive with gas in the
1980's and the price spread increases with the retirement of
electric in 1990. The price of steam from 1989 to 1990 increases

from $26/M1b. to $38/MIb. - almost double the price of gas.

The next series of cases were developed to simulate methods of reducing the

cost of steam primarily through fuel and O&M savings.

Case 2 (Seasonal Service). Given the results of the Base Case,

Case 2 eliminates the non-heating season natural gas burn by
shifting in 1990 to six-month (winter) seasonal service. in 1990
this results in significant savings of about $8 million (40%) in
fuel and O6M as compared to the Base Case. As shown in Table
VIi=1, the price of steam is reduced about $6/MIb. to $32/Mib.,

but natural gas is still the cheaper heat source.

The O&M reduction with seasonal service reflects the reduction
in labor expense during the summer. The personnel removed
during the summer could conceivably be shifted to Hewthora 1-&,
provided that Hawthorn is at that time still cperating as @
seasconal peaking wnit. The two an%ims could complement each

other in regard to manpower.

€ase I (flectrode Boilers for Stemddy). Case § atilizes bms

132,000 sound per Dowr elecirode boilers for sb

to o) imisete the saterel g Burs for Dy e
fires doiler i3 canired

cigent =ith the lnsseilatiee of
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the electrode boilers. The price of steam in 1990 is $33.50/

~

#lb. but steam still cannot compete with natural gas.

Case 4 (Electrode Boilers for Minimum Load). This case is an

extension of Case 3. With the electrode boilers already in
place for standby service, they could be operated during mini~
mum load conditions to redﬁce natural gas burn and 0&tM expense.
Operation of electrode boilers in non-heating months would

permit a significant further reduction in manpower at Grand

Avenue. The 1890 cost of steam is reduced by about $11/Mib.,

however, the price of steam is still not competitive with

natural qas until late in the study period.

Case 5 (Coal for Minimum Load). Case S analyzes the cost effect

ﬁ

of burning coal under ail load conditions. Although not possible

at this time, investigations are underway to determine the feasi-
bility of coal mill and boiler modifications that could reduce or

eliminate the minimum load constraint on coal burning.

The effect of achieving these modifications is that the 1930 fuel
cost was reduced by $5 million from the §12.3 million in the Base
Case. Steam at $30.20/Mlb., however, s still 40% higher Inm cost
than natural gas. im addition, the actua!l ;&véaﬁs achieved would
be less than that shown in Table ¥Wii-1 If some as yet undelermined

capital cost is included for the comversiesm.

r\.
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STEAM PRICE TO DOWNTOWN CUSTOMERS

CASE

Natural Gas

Seasonal Service

Electrode Boiler for Standby

Electrode Boiler for
Minimum Load

Coal for Minimum Load

TABLE Vil=}

1990

1950¢/MMBTU

3282¢/MMBTU
$38.2/M#

2752¢/MMBTU
$32.0/M#

2884¢ /MMBTU
$33.5/m¢

2314¢/MMBTU
$26.9/M¢

2600¢ /BTU
$30.2/m8

2003

7223¢/MMBTU

10342¢/MMBTU

$120.3/M#

8317¢/MMBTU
$96.7/M#

8729¢/MMBTU
$101.5/M¢#

6532¢ MMBTU
$76.0/M#

7756¢/MEBTU
$90.2/m¢
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The next series of cases simulate complete changeover to a new steam

generating technology by 1990. The new technologies offer substantial

fuel and OSM savings, but all require large capital expenditures.

Cases 6, 7, and 8 (Electrode Boilers, Coal-Fired Package Boilers,

and Fluidized Bed Boilers.

In these cases, new technologies are phased in prior to 1990 to
replace the existing steam generators at Grand Avenue. Electrode

boilers represent a high fuel cost option with low capital and

05M cost while coal-fired options have high capital cost and low
fuel and OtM cost. Table VIi-2 shows the cost of steam in 1990

and 2003. !{n all cases, the Installation of these new technolo-
gies result in a steam price well in excess of natural gas in

1990. The electrode boiler case did result in significant sav-

ﬁ

ings from the Base Case, and in the long term appears competi-

tive with natural gas.

The next series of cases simulate the addition of a new, high load faitur

customer:

Case 9 !Llrgg Customerz. A large customer was added in 1984

and electric facilities were retired in 1930. The customer

was assumed to have a peak load of 250,000 pounds per howr

at 1003 load factor. The steam sendoutl at Srand Avenue
increased from 887,000 Mids. per yesr to 3,055,000 Aids. The
price of stes= to the large industrial cwstomer was well below
the cost of natural gas. Because of the additiomal stesm loed,
reliadility of service was saista ssd by rebebilizeting A Beiler
for standdy saveice.




TABLE VIi-2

STEAM PRICE TO DOWNTOWN CUSTOMER®
WITH NEW TECHNOLOGY

CASE 1990
Natural Gas 1950¢/MMBTU
Base 3282¢/MMBTU
$38.2/M#
)
Electrode Boilers 2859¢/MMBTU
$33.6/M#
Coal Fired Package 5594¢ /MMBTU
Boilers $65.1/M#
Fluidized Bed 5511¢/MMBTU

Boilers §$64.1/M#

2003

7223¢/MMBTU

10,342¢/MBTL
$120.3/M# -

7256¢/MMBTU
$84.4/M¢

7709¢ /MMBTU
$89.7/Mt

10,034¢ /MMBTU
$116.7/M#
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Table Vil-3 shows the cost of steam with the addition of the
new customer. In 1990 the cost of downtown steam is competi-
tive with natural gas. The large customer reduces 1990 fuel
cost from the $8.52/MMBTU in the Base Case to $4.97/MMBTU due
to the fact that cbal can be burned all year. ‘The fixed OtM
expenses are also distributed over increased output resulting
in a reduction in OtM expense per Mlb. The addition of a
large customer is the only case that results in competitive

downtown steam.

A ﬁumber of variations of Case 9 were studied. The first varia-
tion simulated a technology changeover to electrode boilers by

1990 to serve the new high load factor steam system. In order

to maintain downtown-steam price competitive with natural gas,

the industrial customer would have to absorb most of the new equip-
ment capital cost. As a result, the cost of steam to the industrial
customer would almost double in 1990. Therefore, it was concluded
that new steam generating equipment cannot be effectively inte-
grated into the steam system without either jeopardizing the con-
tinued service to the large industrial customer or lesikg the com-

petitive pricing of downtown steam.

A case was also studied to emamine the alternative of electrode
boilers for standdy rather than the rebabdilitaticon of A boiler.
The results were inconclusive. Matural gas feel saviogs were
alwessy iotalliy offset by the inmcressed capitel cost of the elez-
trode bollers. Bocause thare was 20t M ¢leer sdeontage
electrode bollers, case rens «itd 1% large
o lnclede IR boiler for stamlne.




TABLE Vii-3

~

STEAM PRICES WITH THE ADDITION OF
A NEW HIGH LOAD FACTOR CUSTOMER

CASE _ 1990 2003

Natural Gas 1950¢/MMBTU 7223¢/MMBTU

Base 3282¢/MMBTU 10,342¢/MMBTU
§$38.2/M# $§120.3/M#t

With New Customer:

7~

Downtown Steam 198€¢ /MMBTU 5790¢ /MMBTU
$23.1/M# $67.3/M¢

Large New Customer 1039¢/MMBTU 3475¢/MMBTU
. $12.7/M8 §42.4/M#

. i
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The addition of the large, high load factor customer does make
downtown steam competitive in price with natural gas. The
addition of any high load factor industrial customer can benefit
the existing steam customer. A smaller volume customer, however,
would have to be charged a higher price to achieve the same effect
and to maintain downtown steam's competitive pusture as with the

large customer,

Finally, other scenarios were investigated by reviewing the results of pre-

viously developed cases. They are summarized as follows:

Unit Rehabilitation. Rehabilitation of steam generating facili-

ties at Grand Avenue Station was not studied in detail due to a
lack of definitive engineering data on the feasibility of such a

program.

in a1l cases without the addition of the large customer, however,
the cost of rehabilitation would only add to an already uncompe-
titive situation. in the case with the large customer, downtown
steam is just competitive with gas in 1990 so that the cost of

rehabilitation would have to be borne by the large customer.

in 1990 the large industrial c@sta@nr's cost for stesm is $10.39/
MMBTU 23 compared to ges cost at $19. 30/ uTy and downitowm sleas

at $19.88/m8TU. 1f $3/Mib. were added to the ladustrial price,

the cost would 3tiil be well below the cost of satural gas. Toe

addizional $3/Nib. would pernic some $10 million In cepltal

ngs Tor redabilizaciee.
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Additional Winter Heating Load. The addition of new, low load

factor winter heating load does not improve the competitive
position of steam heat as comﬁared to natural gas. Addition of
this type of new customer merely adds to the winter peak while
doing nothing to reiieve the minimum load conditions that con-

tribute so significantly to increased steam costs.
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Vill - CONCLUSIONS AND RECOMMENDATIONS

Conclusicons

Based upon the investigation documented in this report, 2 long-range plan
for KCPL's downtown steam system can be developed which will contribute
to maintaining steam as & competitive and reliable heat source through
the year 2000. The development of this plan is based upon the following

conclusions:

The Base Case demonstrates that the present steam system cannot be both

profitable and competitive with natural gas. A number of factors contri-

bute to the uncompetitive cost of steam. The greatest impact is due to the
high proportion of expensive natural gas burned for steam production. The
natural gas burn is caused by equipment limitations that prohibit coal burn
under minimum load conditions caused by low system load factor. The need
to keep a backup boiler on hot standby further increases the natural gas

burn.

Another factor that contributes to the high fuel cost is the design of the
existing boilers. Greater fuel input to the boilers is required to pro-
duce the superheated steam required for turbine operation. The super-
heated steam is then cooled and the pressure is reduced for steam sendout.
A boiler designed or modified to directly produce steam at the 185 psig

sendout pressure would reduce fuel costs.

Operations and maintenance expense at frane Avenue I3 alsoc relatiwely high
because of the age and design of the facility. Filgere ¥ili-1 [llestreces
the importance of fusl 20d 08R 0 the ozt of dowioes stesm. o 1990,

those =0 componanls represent $1% of the com2 par BRI,

Es
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1990 STEAM COSTS
WITH ELECTRIC GENERATION RETIRED

Return on $0.5/Mf
Plant

O&M
$13.6/M#

Taxes
$4.7/Mi

Fuel
$17.4/M8

Wia $3.20m0




Retirement of the electric generation in 1990 further increases the cost

advantage of natural gas over steam. Although total O6M expense Is reduced

by several million dollars with retirement, the loss of allocation to electric
results in & net increase in the cost of steam. Figure Vill-2 graphically
illustrates the cost of steam and natural gas over the study period. Steam

is not competitive with gas in the 1980's and the situation is aggravated

with the retirement of electric generation in 1990.

The results of examination of. new steam’generating technologies indicates
that a new, more efficient supply will not result in a near-term competitive
position for downtown steam. Coal-fired options had the effect of greatly
reducing fuel and OtM expense, but the capital costs more than offset the
"savings. Electrode boilers, which are relatively low capital cost, was the
best option of new technologies, however even this did not result in a com-

petitive steam price until late in the study period. As a result, steam

generator changeover is not a prudent course of action.

A number of scenarios were studied in an attempt to reduce fuel and OfM
expense. Specific cases included seasonal service, electrode boilers to
serve minimum Joad and for standby, and plant modifications that permit

coal-fired operation under all load conditions. (n all cases, some

savings were realized, but natural gas is still the less costly source of

heat for the downtown customer until late in the study period. Figure

Viii-3 shows the cost of steam for the waricus cases.

Investigations currentiy undervay conld resalt 2a;g§g§i€i€iat shorg-term

fuel and OCM savings. These include examining the femsidility of cosl .
=ill 2ed 2oiler modifications to permit conl 2o de firsd soder aisiess
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DOWNTOWN STEAM PRICE COMPARED 10
NATURAL GAS PRICE
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FIGURE ViE1-3

l( OPTIONS TO REDUCE COST WITROUT
LARGE BASE LOAD CUSTOMER
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load conditions. Another efficiency modification being Investigated is
boller conversion to low pressure operation to reduce fuel cost upon retire-

mant of the electric generation.

081 expenses are also in the process of being reduced. It was recently
announced that manpower at Grand will be reduced by 30 people resulting in
significant labor cost savings. This reduction in force was not factored
in to this study until 1990 when electric is retired. In addition, the
feasibility of transferring ma;or maintenance to the Central Maintenance

Department is being studied.

The most promising scenario included the addition of a large, high load factor
customer. Figure Viil-4 compares the cost of downtown steam with a large
customer to the Base Case cost and to the cost of natural gas. The natural
gas cost does not include fixed charges on the customer capital expenditure

necessary for a boiler and auxiliary facilities. With a large high load

factor customer added to the system, downtown steam is competitive with

natural gas.

The turnaround is achieved because the load factor improvement as shown in
Figure Vi11-5 permits coal fuel to displace natural gas fuel at Grand Avenue
throughout the year. In 1990, fuel cost alone was reduced by 402 with the
addition of the new customer. Increased s2les from 887,000 Mibs. to
3,055,000 Mibs. allows Q&M expense to be distributed over more units of ocut-
put further reducing the cost of steam. The price of steam to the downtown
customer in 1930 is reduced from $38/nib. to $23/MId. with addition of the
lasge customer. Figure Viii-§ shows the change In feel mix that octurs with

the accition of a large cuslomer.
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FIGURE vili~h

DOWNTOWN STEAM PRICE COMPARED T0
NATURAL GAS WITH WEW CUSTOMER
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FIGURE VLII-5

STEAM LOAD DURATION CURVE
WITH LARGE CUSTOMER
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% FUEL MIX IN 1990
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Hegotiations are underway with 2 major corporation for steam supply to its
Eansas Clty area plant. Acquisition of this customer can maintain downtown
steam in competition with natural gas. Only a high load factor customer

can improve the situation. The addition of new winter peaking, low load

factor customers does not improve the viability of the steam system.

Recommendations

Based on the results of this study, the following long-range plan for the

downtown steam system is recommended:

1. Add a new large, high load factor customer as soon as possible
but definitely prior to retirement of electric facilities at
Grand Avenue Station. The resultant load factor improvement
and increased steam sales is the most effective way to reduce
the cost of downtown steam to a position that is competitive

with natural gas.

2. In the interim period until a large customer can be added,
continue to operate Grand Avenue as a joint use facility
and improve downtown Steam's competitive position through
continued implementation of cost saving measures. Specific
measures to be investigated include:

- Reducing natural gas usage for hot standby and under
minimum load conditions.

-~ Reducing labor expense by shifting major meintenance
to Central Maingemance.

- Reducing coal costs through 300t markel purchases.
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3.

5.

Continue to operate the existing boiler facilitlies to avold
lerge capital expenditures for new steam generators. Com-
plete changeover to @ new steam supply system would result
in steam costs well in excess of natural gas cost unti) late

in the study period.

if there is no prospect for the addition of a large high
load factor customer, the following course of action should
be considered:

= fy year end f985. ‘"freeze'' the steam rate to prevent

new customer entry on the system. This does not mean
that the price is frozen, only new customer entry.
In 1990, when eletric generation is retired, con-
sider providing only winter season steam service to
reduce fuel and 0cM expense.

Continue to aggressively pursue expense cutbacks

a8t Grand Avenue. As the customer base is reduced
through attrition, the cost of steam will increase
due to decreased sales so that it is essential fo
cut costs a3 sales drop.

Promote customer conversion to electric heat with
incentive rates end éossibly leased electrode

boilers where applicable.

Update the study of downtown stesm at least every two years.
Continve to investigate and implesent messures dasigrned to

reduce fuel and 0¥ expense.

-5
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APPENDIX A - STUDY PARAMETERS

@ OG&M Expense Escalation: 10% per year thru 1983
8.52 per year 1984-2003

source: KCPLAN

@ 1984 Base Fuel Prices (¢/MMBTU):

Coal - 192
0il - 1074

Gas =~ 476 source: KCPL Fuel Budget 10/22/81

Gas (Customer Cost) - see Case Runs

® Fuel Price Escalation:

1984-86 1987-2003
Coal 11.6% 9.6%
01l 11.7% 10.92
Gas 28.5% : 10.6%

source: KCPL Fuel Budget 10/22/81

Gas (Customer Cost) - see Case Runs

e Grand Avenue Accounts:

Plant & Distribution Account Increase - 1% per year
Plant & Pistribution Depreciaticn Rate - 3.67% per year

® Tax Ractes:

Franchise Tax - 11.23
Composite Income Tax - 47.5%

A s




l( TABLE 1
HEATING DEGREE DAYS
l MONTH & YEAR SELECTED
: FOR HOURLY LOAD DATA
Heating
l Month Year Selected Degree Davs 43 Year Ave.*
Jan 1982 1311 1116
l - Feb 1981 ' 798 866
Mar 1982 591 664
I Apr 1982 364 286
l May 1981 83 86
Oct 1981 192 199
l ( Nov 1980 557 600
. Dec 1980 931 949
l TOTAL: 4827 4768
l % Table B-2, KCPLAN, Page B-21
o - & =
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