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CHAPTER 1
INTRODUCTION

A university power plant is often charged with the
diversified responsibility of supplying heat, chilled water
for air conditioning, and electricity to_the campus. This
task is made move difficult by the rélatively unstable grow-
th in both absolute and relative terms of a university's
area and population, as well as by the unique blend of
buildings and activities that are inherent in a collegiaté
educational institution. Any study attempting to develop
the mest attractive, long-range proposal to satisfy the
tetal demands of a campus must recognize and evaluate the
complete problem rather than addressing the individual re-
quiramcnts of a particular facility independently of the
total campus demand. The current emphasis on aesthetics,
envivonmental concerns and energy conservation produces
additional parameters that must be conSidered.

To date, 1little attention has been directed toward
this composite demand analysis resulting in a somewhat
arbitrary collection of equipment and cperating schemes on

oe campuses. Kansas State University will be the

[t

many colle
subject of this evaluation but the techniques may be applied

elsewherc. It is probable that the gerneral trends and



characteristics of campus demands found here are not un-

like those of similar universities.
The existing power plant will be
operational characteristics defined.
heating, cooling and electrical loads
University through the year 1984 will

various schemes to meet these demands

exémined and its
Projections of the
of Kansas State
be generated and

shall be proposed.

The most attractive proposal will then be selected as a

result of an economic analysis of the

alternatives with

due consideration for the attendant concerns mentioned

above.



CHAPTER II
A DESCRIPTION OF THE EXISTING POWER PLANT AND ITS OPERATION

The Kansas State University Power Plaht is the central
scurce of utility services on campus. Operating with a pri-
mary fuel of natural gas and No. 6 fuel o0il as backup, it pro-
duces all of the steam required for heét, process use and
absorption water chilling, as well as some for electrical
generaticen. This plant, which serves 3,913,774 square feet
of the campus shown in Figure 1, consists principally of six
cperational water tube boilers, three steam turbine-generator,
two steam absorption water chillers, one electrically driven
centrifugal water chiller and the normal array of support-
ing auxiliaries. As might be expected of a plant that has
developed over a 46 year period, there is a minimum of in-
strumentation. A flow diagram of the major plant equipment
as of July 1973 is given in Figure 2.

Virtuaily all of the camnus is heated by steam provided
by the six bkoilers with a combined capacity of 331,000 1b/hr
except those areas with environmental constraints requiring
other methods., Absorption refrigeration machines, operat-
ing on a lithium bromide cycle, with a total nominal capac-
ity of 4159 tons cool 1,289,813 sqyuare feet while 2376

tons of electric centrifugal units serve 1,033,712 square
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Figure 1. A Map of Kansas State University
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Founded in 1863 as the first of the nation’s land-grant universities, Kansas State
University has an enrollment of about 15,000 students and a teaching and research
faculty of about 1,400. KSU offers strong academic programs through its eight Colleges
; and Craduate School. The Colleges include Agriculture, Architecture and Design, Arts
AS STATE UNIVERSITY and Sciences, Business Administration, Education, Engineering, Home Economics, and
Veterinary Medicine,

KANS
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Figure 1. A Map of Kansas State University



THIS BOOK
CONTAINS
NUMEROUS PAGES
WITH DIAGRAMS
THAT ARE CROOKED
COMPARED TO THE
REST OF THE
INFORMATION ON
THE PAGE.

THIS IS AS
RECEIVED FROM
CUSTOMER.



snduen weay

Y

QYBSUIPUO)

uol X2TTEYD
0607 @utl

121 EMP2a g

Jojeay

"€L6T AInr - usmﬁawﬁwm quetd xofe Jo weadeTg MOTg ¢ =2andt1g

»
m

)

-

dung
1a3Eempala]
a12nuM c
uel I3TTIYD dnayen /
QG A2Taae)
Too)/aBeH
snduren i dum g drsd ¢ h
Ia 71D .
FRICY ouBi] pueh
aTIoydsouy "
J—
e | — 561 | RT61
Fied & Jeon VAN 0627 VAN 0062 VA 8€6 Juoudinby
rordacy el pEE2UTUNL | L gg euraank) L1f Buradnl | faerTTRny
UBTIBGTIADDN
ssan0i]
31sd 06/¢7T drsd ¢z7
J ]
£/6T 0S61 6761 0r6T 8961 nHoTIRIDdQ R961
#000°88 #000° LY #000°0¢€ #000°0€ #000°09 umm #000°09
/[ 12tto4g 9 197109 ¢ I19710g f I3T104 £ asfiog Z waﬁom 1 Isytrog-
254 Alrhl




feet. Of this chilling capacity, the power plant houses
1543 tons and 450 tons of absorption and centrifugal equip-
ment respectively., The balance of the equipment is distri-
buted throughout the tampus as exemplified by the machines
located at the Derby complex and the Student Union. These
air conditioning figures do not include the multitude of
small scale units located on-campus..

Process steam is supplied to the pampﬁs at approxi-
mateiy 90 psig and 500°F for laboratoery use, cooking and
domestic water heating. Auxiliary steam, approximately.
225 psig and 500°F, is vutilized within the plant itself,
principally to drive three boiler feed pump turbines and,
when natural gas service is interrupted, to heat fuel oil
and to power fuel o0il pump turbines. Heating steam for most
of the campus is at about 5 psig and 230°F after passing

through a reducing valve or being expanded through a turbine.

This flow can be supplemented by bleeding steam into the heat-

ing lines from the process steam distribution system via three

electrically operated valves in Seaton Hall, the Horticulture
Greenhouse and Ahearn Fieldhouse. Unlike the other buildings,
the veterinary coumplex is supplied with 225 psig, 500°F

steam directly off the main header which also supplies the

three turbine-generators. One of the turbines is a condensing

unit with a 27 inch vacuum exhaust pressure while the other
two are non-condensing units with approximately 5 psig ex-

haust. The Trane pump circulates chilled water from the



central absbrption machines within the main distribution

loop that serves the campus. The exhaust steam from the
auxiliary equipment, the Trane pump drive turbine and the non-
condensing turbines flows into a low pressure header that dis-
tributes the steam for final use in absorption machines (both
in and out of the plant), building heating systems and, in
some structures, domestic hot water heaters. On those oc-
casions when the low pressure flow demand exceeds the exhaust
flow plus the additional steam provided from the pfocess lines,
the 225/5 psig reducing valve is opened to supplement the low
pressure supply. If the load imbalance is reversed, an at-
mospheric vent releases the excess low pressure steam to the
atmosphere, It should be noted that (due to absorption ma-
chine requirements) the secondary header is maintained at 7
psig while chillers are operating.

An extensive water treatment system exists in the power
plant basement since not all of the steam distributed to the
campus returns as condensate. Partially softened city water
is passed through three zeolite softeners. After this treat;
ment, the water is placed in one of two large storage tanks
until required by the boilers. Several chemical agents are
also added intermittently to both the boiler and chiller
water systenms.

Cooling towers are located immediately south of the
power plant building. There are five towers, one for.each

of the central chillers, as well as one for both the condensing



turbine and ﬁhe auiiliary equipment. Inhibiting agents are
added to the untreated city water that circulates in these
towers.

The electrical energy requirements of the campus are
satisfied by Kansas Power and Light Company substations and
the campus generators. Electricity generated in the power
plant is radially distributed to the central campus at 4160
volts. There are two KP&L 7500 KVA substatioms located in
the southwest and northeast corners of the campus that are
connected by 12,500 volt lines along the north and west sides
of the central campus. These feeder lines supply power to
peripheral buildings such as the Derby and veterinary com-
plexes. Since most of these peripheral buildings are not
interconnected with the central campus radial distribution
system, they are totally dependent upon KP&L for power. The
scuthwest substation also feeds power directly into the power
plant bus, via a 5000 KVA transformer located immediately
east of the plant, to supplement the capacity of the central
campus system.

Prior to 1966, the campus turbines generated the majority
of the electricity consumed by Kansas State. However, with
the advent of substantially greater loads, Kansas Power and
Light Company became the major source of electrical energy.
The growth of this lcad and the transition of suppliers can
be observed by referring to Figure 3. The present operation-

al philosophy cf the power plant personnel is to generate
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10

the peaks of electrical demand while satisfying campus steam
requirements, and to buy the base electrical supply in an
effort to take advantage of the LP-64 schedule contract with
KPGL (see Appendix A). Accordingiy, the plant carries a
greater load during the day by operating various combinations
of the three generators as dictated by electrical and steam
demands. The higher loads of a summér day would typically
result in all three units functioning during the day, supply-
ing both electricity and exhaust steam, while unit 2 would
run alone at night. Winter days normally see unit 2 and/or 3
operating continuously while unit 1 might occasionally oper-
ate during the day. Herein lies the greatest merit of the
plant's operational capability - the same steam may be used
in a prime mover to drive a generator and as an energy source
for building environmental control. In a sense, electricity
is a by-product of heating and cooling the campus.

After a study of the plant's functional history, four
days were selected to represent the various ambient con-
ditions under which the power plant operates. This partic-
ular technique of defining the plant's operational character-
istics is justified by its history of operating with a dual
function: heating or cooling the campus. There is relatively
little fluctuation, for exgmple, in the heating situation of
November 18 versus that of February 18 due to the great di-
versity of demand and the lack of precise building heating

controls, Therefore, a carefully chosen '"typical" winter day
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can accurately represent the average operating conditions

for approximately six months while a "typical" summer day
would describe the average conditions for the remaining six
months. For this reason, subsequent analysis will be based
upon the assumed continuous existence of the “typical" sit-
uations with due consideration accorded to the existence of
extremely atypical circumstances as indicated by 'worst case"
data. On the pages that follow, there are tables and figures
that depict plant operational characteristics and the campus
demands it strives to satisfy on both "typical"™ and "worst
case" summer and winter days.

Figures 4 and 5 illustrate the operating equipment, con-
ditions and steam flows in the plant on a twenty-four hour
basis for January 22, 1973, and July 23, 1973, the typical
days. Table 1 contains additional operational data as well
as thermodynamic and cost figures for the two "typical' days
and also the two "worst case' situations. It should be noted
that the lack of instrumentation precludes a more detailed
specification of performance and required that some data be
extrapolated or calculated rather than establi#hed_from plant
records. The meters that are in use are rarely calibrated
and thus their accuracy is questionable. Finally, demand
characteristic curves for total steam production and for
electricity consumption may be found in Figures 6 and 7
respectively. The electrical demands depicted in Figure 7

are not those of the entire campus, but rather those of the
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area served by fhe radial diétribution sysfem_originating in
the power plant. The lack of adequate records prevents‘the
inclusion of that power consumed by the veterinary complex,
the Derby complex, Ackert Hall, King Hall, and Farrell Li-
brary in Figure 7. However, the characteristics of their

demands should not differ significantiy from those that are

known, and it is possible to determine total campus consump-

tion from billing statements. ;

Referring to Figure 6, some conclusions can be drawn
about steam demand aitﬁough limited signifitaﬁée should be
attributed to any given data point due to the questionable
reliability of the metering and recording deviges; For each
operating condition, there is a .base load that.is_relatively
constant between 7:00 p.m. and 6:00 a.m. At approximately |

6:00 a.m., steam flow increases. During the summer months

this load is principally due to absorption chillers, the con-

densing turbine and, to an extent, process steam used for

cooking and water heating. The load builds gradually all day

as building temperatures increase. It declines.rapidly in the

17

evening as the atmospheric temperature and people load decline,

and as unit 1 is shut down due to a diminished electrical de-

mand. It can be readily observed that air conditioning is

becoming the determining factor in boiler capacity requirements.

Winter day steam flow has characteristics similar to

those of a summer day. There is a sharp increase in steam



18

flow around 7:00 a.m. as building temperatures are elevated
to normal comfort leveié and as cooking begins. After this
is aéhieved, the demand lessens and remains relatively con-
stant throughout the day. There is another upward trend in
the evening as outdoor temperatures decline and as the dorm-
itories demand steam for food services and water heating. As
would be expected, this aspect of thé demand is more prevalent
during the winter months when more dormitories are in use.
The worst case winter day exhibits a more constant demand
than the other days, but this is not unexpected since January
8 occurred during the semester recess and thus, the load is
more nearly one of heating only.-

Characteristics of the electrical energy demands can
be determined from Figure 7. Again there is a base load for
each condition, the summer base being approximately twice
that of the winter, and a large demand peék that begins to
develop around 7:00 a.m. This peak has developed completely
by 10:00 a.m. and remains essentially constant until 4:00'p.m.
except for a slight decline in the vicinity of noon. This
peak demand is, for the most part, past by 6:00 p.m. with a
gradual demand reduction thereafter as people retire from
their daily activities. Having explored the current opera-
tional characteristics of the power plant and its loads, the

demands of years to come must be addressed and identified.



CIHAPTER IXIIX
THE PROJECTION OF CAMPUS DEMANDS FOR STEAM AND ELECTRICITY

The two most basic parameters to be considered in the
projection of Kansas State University's demand for heating
steam, electricity, and chilled water are student enrollment
and the total square footage of campus buildings. More spe-
cifically, the types of buildings, their locations and the
nature of the activities they house, the presence or lack of
air conditioning, and the housing preferences of students be-
come salient factors in forecasting the utility demands of
the campus.

The physical plant expansion projection found in Figure
8 was based upon the "Capital Improvements Program for Kansas
State University'" as submitted by Dr. Paul M, Young, Vice
" President for University Development in a July 17,-1973, letter
to the Kansas Board of Regents. This data base was selected
not only for its knowledgeable and official source, but also
because, as a state institution, building programs are creat-
ed to replace antiquated facilities and to satisfy existing
requirements rather than to maintain a given service level in
view of expected growth.

Student enrollment projections through the 1983-84 aca-

demic year can be found in Figure 9. It should be noted that
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future.enrollment will become increasingly more stable than
that of the past ten years as the student body reaches a
maximum of 16,000 in 1978 [7]. This forecast was based upon
many factors which included the following considerations:

1. There are no plans to alter the cost of attend-
ing Kansas State relative to the purchasing
power of the dollar [7].

2. There is no sign of significant industrial
expansion in Kansas to increase the pbpﬁlation
of the State.

3. The draft laws and veterans' educational bene-
fits appear to be static.

The slower growth rate of, and the eventual.decline in,
enrollment is partially the result of the tremendous increase
in junior college and vocational school opportunities in re-
cent years. There has been a steady decline from 60% to 54%
of Kansas high school graduates entering college as freshmen
during the past few years [7]. The absence of a military draft
is no doubt a contributing factor in the decline. Kansas has
also been experiencing reduced birth rates since 1965 (coinci-
déntally, the year birth control pills were widely introduced)
~and this phenomenon will manifest itself at theruniversity
level in the 1982-83 academic year. While the primary grades
one through four are currently sustaining enrollment reductions,
the effect on Kansas State should be minimal due to the

addition of vocational-technical programs con campus to



serve the Manhattan area. It is also probable that a higher
proportion of a given age group will attend college in the
1980's due to better family financial positions resulting
from fewer children to support.

The occupancy rate of the dormitories also influences
the demands placed on the power plant. Currently, the oc-
cupancy rate is 99% and it promises fo remain stable since
there are no indications of a change in university housing
requirements for freshmen. Moreover, on-campus housing has
become an increasingly attractive alternative for upperclass-
men as a result of rapidly'fising costs for off-campus hous-
ing and the liberalization of dormitory regulations. With
these projections as a working premise, the future demands
for steam and electricity must be determined.

A survey of current forecasting literature [12, 21] was

helpful in the assimilation of various forecasting techniques,

limitations and concerns, but fruitless in terms of identify-
ing a particular method suitable for long-range utility de-
mand projections. As such, the reasonable approach was to
identify historic trends and characteristics of the demands

and to apply these trends to expected future conditions when

23

more specific information was unavailable. In other situations,

there were indications that future developments would exhibit
characteristics unlike those currently in existence and con-
sequently, those new traits were investigated and defined.

The final forecast must then be a composite of those factors
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that can be expressed analytically and of engineering judg-
ments on those factors that cannot be so described,

Figure 10 indicates the past and projected annual steam
requirements of the power plant's auxiliary equipment. His-
torically, there appears to be no correlation between the
total amount of steam produced and that required by the boiler
feed pumps. This is counter to engineering principles and,
since no explanation for this unexpected performance could be
discovered, it is reasonable to predict a moderate, constant
increase in this annual flow as total steam production ex-
pands. The figure, in this case, is 450,000 1b/year with the
assumption that existing equipment has sufficient capacity to
operate without additions through 1984.

The projected annual process steam requirements can be
discerned from Figure 11. These figures represent only that
steam employed in laboratory use, domestic water heating or
cooking; steam used for building heat by way of the 90/5 Te-
ducing valves has been deleted from these forecasts. Process
steam demand has been closely related to total campus area
over the last ten years. Consumption has averaged 23.32
1ﬁ/f2/year. In so much as food services and dormitories af-
fect process demand and since there are no plans for signi-
ficant expansion of these facilities, process demand can be
expected to be reduced in new buildings. Accordingly, 22.0
lb/fz/year was selected and utilized in the process steam de-

mand forecast for all proposed construction.
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Steam is vented to the atmosphere as a result of an un-
equal supply of, and demand for, low pressure steam. Refer-
ring to Figure 12, it is apparent that substantial progress
has been made in reducing this loss. Due to a change in the
administration's electricity generation philosophy, the campus
turbine-generators are no longer constantly operated to capa-
city, but rather to utilize the steam required for other uses.
Consequently, the steam imbalance is less frequent and less
severe than in past years. It is reasonable to expect fur-
ther loss reductions with the addition of new steam absorp-
tion chillers, greater areas to heat and, due to vastly in-
creased water costs, a more vigilant conservation effort on
the part of the operating personnel, although some loss will
always occur due to load fluctuations.

Heating steam is that steam which performs a heating
function within a building regardless of the path it follows
in route to the heat exchanging element from the boiler. Fur-
thermore, this definition is operative during the fourth quar-
ter of October through the first quarter of April inclusive.

There exists a reasonably constant relationship between the

heating steam requirements and the amount of area being served.

An examination of this relationship over the last ten years

yields a figure of 66.5 lb/fz/year as the flow required to heat

currently existing buildings. After investigating the design
criterion for the heating facilities in Durland Hall, the Vet-

erinary Medicine Clinic and Hospital and the auditorium

27
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addition, 60.0 1b/f2/year was found to be a typical new build-
ing heating steam requirement. This reduction in demand would
be expected in view of the greater efficiency, reliability and
better control systems inherent with modern heating systems.
With this data base and the assumption that all new facilities
will be steam heated, the heating steam projections through
1984 are presented in Figure 13.

Cooling steam is defined in the same manner as heating
Steam. Any steam used in the power plant chillers or distri-
buted to the campus in the low pressure lines for chiller use
during the Second quarter of April through the third quarter
of October inclusive, is designated as cooling steam. Exist-
ing instrumentation allows this flow to be divided into two
categories: in-plant chiller steam flow and out-of-plant
chiller steam flow. The measurement of the latter flow is
significantly less reliable because the final flow figure is
empirically derived after the initial readings are compen-
sated for the additional functions the low pressure stéam per-
forms on campus. Using the definition above and the operating
records of therpower plant, it can be determined that absorpt-
ion chillers require 106,54 lb/fzfyear and 153.37 1b/f2/year
for in-and out-of-plant units respectively, to air condition

buildings., Although the difference in unit requirements is

29

large, it is not unreasonable in view of the exterior machines'

increased steam flow needs due to lower supply pressure, more

frequent start-up and distribution system leaks. Therefore,
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 107.0'1b/f3/year was selectéd as the_steam-néceséary to cool
additional campus buildings, not only because of the figure's
greater reliability but also because the ''Status Report to
‘the Kansas Board of Regents - Long-Range Campus Planning"[9]
indicates that future additions to the campus, excluding the
veterinary complex, will be located in the central campus
area. Therefore, the required chillers could and should be
located in the power plant. For the purposes of the cooling
steam forecast found in Figure 14, it was assumed that all
future facilities would be totally air conditioned by central
steam absorption units and that existing areas without such
provisions would remain unserviced.

A forecast of the steam requirements for the open feed-
water heater and the chilled water distribution loop pump may
be found in Figure 15. Feedwater heater steam is an estimated
function of total steam flow that is dependent upon many fac-
tors, primarily the amount of make-up water added to the
system. In so much as feedwater steam flow is not recorded,
analytical means were required to determine a current average
flow as well as an estimate of past and future performance.

‘A derived factor of 0.1 was employed td generate the estimates
prior to 1973 while 0.09 was used thereafter. The feedwater
estimate was the result of multiplying the proper factor times
the total annual flow, lacking the feedwater quantity. While
atmospheric vent losses were reduced significantly through

1970, proportionately greater condensate losses due to

31
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curtailed operation of the condensing turbine offset much of
this gain in termsjof diminished feedwater heater steam re-
quirements. Another major chilled ﬁater distribution loop
will be necessary as new buildings are added to the campus.
It was assumed that only one such loop will be installed and
that it will be sized and located to serve allrfuture ad-
ditions to the central campus. The steam requirements of
such a pump are determined by augmenting the current pump
flow in approximate proportion to the air conditiomning load
additions.

With these individual steam demand forecasts, the total
annual flows as exhibited in Figure 16 can be developed. The
dramatic increase of 1977 indicates that boiler capacity
should be investigated to assure sufficient steam generation
capability will exist to satisfy the greater demand. The en-
larged cooling load also indicates that the steam load duration
curve will become progressively more nearly horizontal, im-
plying that firm capacity requirements will become increasing~'
ly important. A tabulation of the various steam application
requirements for 1964-84 may be found on Table 2. It should
be noted that steam flow is categorized by use and, since some
steam is utilized in more than one function, total steam pro-
duced is not the sum of the rows in that table.

The final consideration in defining future steam loads
is that of peak flow demand. There can be found an historical

correlation between the peak demand and the area served by
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~ the power plant, This correiation, represented by a factor
:of 0.04404, is fundamentally another version of what is com-
- monly known as the diversity factor. It should continue to

be a reliable indicator of peak demand since heating and cool-
ing will remain as the major steam loads. As was found in the
total annual flow requirements, there is a sharp upward trend
in the peak steam flow shown in Figure 17 commencing in 1977,
directing one to examine the existing boilers' ability to ful-
£fill this demand.

If campus demand for electricity is to be met, it too
musf be predicted.and analyzed on a long term basis so that
adequate arrangements for service can be made. To this end,
| electrical energy demand was forecast on a per unit area per
- year basis. This approach is justified by the fact fhat
electricity consumption is relatively dependent upon area
ﬁhile, to a degree, independent of student population. It was
assumed that all future construction would include central air
conditioning of the steam absorption type and, for the most
‘part, any existing areas lacking cooling systems would remain
uncontrolled. Accordingly, the curve of Figure 18 was develop-
ed. A distinct trend toward a less rapid growth rate in elec-
trical energy consum?tion appears in 1970. It is reasonable
to expect this reduced growth rate to continue.because, while
increased services and new facilities will require higher
energy levels, the primary element of past increases, the ad-

- dition of air conditioners, should be unimportant. Consequently,
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this new growth rate was extrapolated into the 1980's. With
Figure 18 as a data base, Figures 19 and 20 were developed to
depict electricity consumption per student per year and the
total annual electricity consumption of the campus respect-
ively.

Surprisingly, and of no direct importance to this study,
both of these curves can be accurateiy represented by linear
equations as indicated by statistical correlation coefficients
of 0.9878 and 0.9941 respectively.

The determination of peak electrical demand is also a
pertinent factor in the definition of future energy require-
ments. Not only must commitments to meet this demand be se-
cured, but the demand characteristics must also be identified
if the most economical arrangements are to be made because
peak demands greatly influence electrical billing rates. His-
torically, Kansas State's annual electrical peak demand and
total annual electricity consumption have been related by a
factor that was empirically determined to be 0.0002565. It
was this factor, in conjunction with the total annual use
data of Figure 20, that was used in the deveiopment of Figure
21. Again, 1977 brings a stronger upward trend in the peak
electrical demand just as it brought greater peak and annual
steam flows.

With these forecasts to indicate the anticipated steam
and electrical demands to be placed upon the power plant

through mid-1984, various alternatives to satisfy these
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requirements must be generated.
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CHAPTER IV
THE PROPOSAL OF ALTERNATIVES

Kansas State University is committed to a central steam
heating system. The existing investment in the production
and distribution facilities precludes the serious consider-
ation of other alternatives even if a more economical method
existed. Therefore, the wise approach is to seek maximum
. utilization of those steam production resources by having
steam perform a variety of services. This is currently ac-
complished by operating turbine-generators, air conditioning
water chillers and power plant auxiliary equipment with steam,
as well as heating the campus. The heat requirements for
laboratories and food services are also satisfied with steam.

The following proposals are designed to meet the utility
requirements of the campus through the 1983-84 academic year.
The dates indicated within the proposals are those on which
the units should be operational, the sizes listed are nominal
capacities and the listed prices, in 1974 dollars, are for
the equipment only unless otherwise noted. The General Elec-
tric Company, The Marley Company and The Trane Company are the
manufacturers of the various units suggested and it was assum-
ed that their cost and operational data was representative of

the respective industries. There was no attempt made to
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evaluate the desirability of a particular manufacturer's
product versus that of another, only an idgntification of
the most satisfactory type of equipment to be incorporated
in an expansion of the power plant.

The air conditioning proposals recognize the two prin-
cipal types of commerical water chilling units: steam ab-
sorption and electric centrifugal. The absorption refrig-
eration approach certainly is in keeping with a greater u-
tilization of the steam production facilities but, in view
of the energy crisis and the attendant increases in fuel
costs, it is prudent to also examine the centrifugal machine.

The proposals are designed to serve the central campus
or the isolated veterinary complex and they are labeled ac-
cordingly. The central campus units will all be located in
the power plant building and will be supplied with low pres-
sure steam or electricity as a primary energy source. The
units for the veterinary complex are on location and, since
high pressure steam is available, two-stage steam absorption
machines may be considered as well as the single stage ab-
sorption units that are proposed elsewhere. It was assumed
that chillers have an operational life in excess of thirty
years and thus, replacement of existing units was not con-
templated. An annual listing of the new areas to be cooled

and the required chiller capacity may be found in Appendix C.
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PROPOSAL AAA

Central Campus
Single Stage, Steam Absorption

1975 256 ton $ 32,800
1977 520 ton 52,000
1978 852 ton 76,000
1980 420 ton 44,800
1981 420 ton 44,800
1982 750 ton 70,000
1983 852 ton 76,000
PROPOSAL AAB
Central Campus
Single Stage, Steam Absorption
1975 750 ton $ 70,000
1978 852 ton 76,000
1980 852 ton 76,000
1982 1660 ton 148,700
PROPOSAL AAC
Central Campus
Single Stage, Steam Absorption
1975 1660 ton §148,700
1980 1465 ton 126,000
1983 955 ton 81,000
PROPOSAL AAD
Veterinary Complex
Single Stage, Steam Abscrption
1977 852 ton $ 76,000
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June

The costs

proposals

PROPOSAL AAE

Veterinary Complex
Two-Stage, Steam Absorption

1, 1977 852 ton $120,000
PROPOSAL ABA
Central Campus
Two-Stage, Electric Centrifugal
1, 1975 250 ton 214 kw $ 28,500
1, 1977 511 ton 419 kw 43,000
1, 1978 820 ton 645 kw 64,000
1, 1980 448 ton 362 kw 41,000
1, 1981 448 ton 362 kw ' 41,000
1, 1982 765 ton 602 kw - 62,000
1, 1983 820 ton 645 kw 64,000
PROPOSAL ABB
Central Campus
Two-Stage, Electric Centrifugal
1, 1975 765 ton 602 kw $ 62,000
1, 1978 820 ton 645 kw 64,000
1, 1980 1290 ton 1005 kw 99,000
1, 1982 1290 tomn 1005 kw 99,000
PROPOSAL ABC
Veterinary Complex
Two-Stage, Electric Centrifugal
1, 1977 906 ton 668 kw $ 74,000
of the cooling towers required by the various chiller

may be found in Appendix D.
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As has been mentioned previously, the ability of the
existing boilers to meet the increasing steam demands of the
campus is suspect. A further examination yields the con-
clusion that additional boiler capacity is indeed required.
Assuming a thirty-five year operational 1life [19], boilers
#4 and #5 should be operating on a back-up basis at present
and #6 will vreach this status in 1985. The current firm
capacity of existing boilers is 227,000 1b/hr (gssuming all
units are operational except #2) and the proje;ted peak de-
mand of 1377-78 is 203,000 1lb/hr. Being cognizant of the ex-
pansion of the power plant building in 1976 and.the increased

demands of 1977, the following proposal was created.

PROPOSAL BAA

225 psig, 150°F Superheat, Packaged Water-Tube Boiler
Gas/0il Fired, Basic Controls Package

June 1, 1977 90,000 1b/hr $156,000

It is beyond the scope of this study to determine the'_.
" most economical boiler capacity. Therefore, the only other
option would be to alter the installation date. Considering
the decreasing reliability of the existing units and the ex-
panded steam requirements of 1977, it appears that June.1977
is the most reasonable time for installation and thus, no
additional boiler proposals were generated.

There are many schemes that could be proposed to satisfy

the electrical energy requirements of Kansas State University.



However, the limitations of this study prévent the consider-
ation of all but the most immediately applicable methods bf
power acquisition. This eliminates schemes involving solar
energy conversion, gas turbines with exhaust gases producing
steam, diesel engines and other methods of questionable suit-
ability to the unique characteristics of the University's
operation. Additional condensing turbines are not reasonable
because neither the 6perational efficiency nor the economy of
scale factor of an on-site station can compare favorably with
those of a commerical utility. The more practical goal of
selecting the most economical sizes of the equipment obvicusly
suited for campus use is greatly curbed by the unavailability
of the necessary evaluatory information. Therefore, two basic
proposals were created. One involves an additional non-con-
densing unit to supplement the existing non-condensing tur-
bines, whose continued operation is assumed, while the other
suggests an automatic extraction turbine sized to utilize the
entire available steam flow, with units #2 and #3 serving in
a back-up capacity. In either case, campus demand for low
pressure steam would be the primary factor in determining the
steam flow available for use in the turbine(s) and, that de-
mand will be satisfied at all times,

The alternative to securing additional generating ca-
pacity for the power plant is to operate the existing turbines
to lessen the quantity of electrical energy that must be pur-

chased until they fail. As the units do fail, the University
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will become totally dependent upon the Kansas Power and Light
Company for electrical energy. It can be noted in Table 2
that the condensing unit should be retired at the conclusion
of the 1974-75 academic year but, if KP&L can provide the
power necessary to allow the turbine's withdrawal from serfice
at an earlier date, it should be done. The cost of electri-
city produced by this unit currently‘exceeds the cost of pur-
chased power (see Table 1).

The turbine sizes were selected such that the annual low
pressure steam requirements of the campus could be met well
in excess of 90% of the time by turbine exhaust alone, through
January of 1984. This requires that the turbine(s) be capable
of expanding 110,000 1b/hr for low pressure consumption.
Therefore, an additional non-condensing turbine must have a
throttle flow capacity of 38,000 1lb/hr and the automatic ex-
traction turbine capacity would be 115,000 1b/hr. The addi-
tional 5,000 1b/hr of flow in the extraction turbiné is ne-
cessitated by the turbine's low pressure end, minimum allow-

able cooling flow requirements [17].

PROPOSAL CAA

Non-condensing Turbine-Generator
38,000 1b/hr throttle flow
225 psig 525°F 5 psig exhaust
2250 KVA Generator

Turbine-generator $360,000
Installation 75,000



PROPOSAL CAB

Automatic, Single Extraction, Condensing Turbine-Generator
115,000 1b/hr throttle flow
Extraction: 35,000 1b/hr minimum; 110,000 1b/hr maximum
225 psig - 525°F 5 psig extraction 3" Hg exhaust
7400 KVA Generator

Turbine-generator $700,000
Installation - 100,000
Condenser 60,000

Cooling tower 12,000
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CHAPTER V
AN ECONOMIC ANALYSIS OF THE PROPOSALS

The various proposals presented in the preceding chapter
require the commitment of substantial amounts of capital to
the power plant. Therefore, it is reasonable, particularly
in a university where funds are difficﬁlt to acquire, to
identify the manner in which these funds can be most effect-
ively and/or efficiently utilized. For this reason, an econ-
omic analysis of the alternatives shall be performed. The
analysis is intended to determine the comparative costs of
the alternatives through 1983, but not the absolute costs.

The cost of energy is of paramount importance in this -
evaluation. The extreme instability of the energy market to-
day requires that some basic assumptions be made. It shall be
assumed that coal, o0il and natural gas will be sold at ah
equal price to all consumers. The price for 1,000,000 Btu of
heating value will be 35.07¢ on January 1, 1975, and it will
increase by 5% (compounded annually) on January 1 of each year
thereafter throughout the period under study, assuming an in-
flation rate of zero.

The costs associated with the chiller proposals can be
broken into two major areas: fixed costs and operational ex-
pense. The fixed costs are defined as depreciation on, and

supply and maintenance expense for, chillers, cooling towers
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and their auxiliary_equipment'(pumps, pipiﬁg). The operat-

ional expense consists of the cost of energy required to

operate the machines. The following assumptions were em-

ployed in the development of the cost figures used in the

economic analysis.

L
2.

Capital is available at 7% interest.
Equipment costs, in 1974 constant dollars,
will remain static.

Cooling towers, absorption chillers and cen-
trifugal chillers have an operational life
expectancy of 30 years and no net salvage
value.

Boilers have an operational life of 35 years
and no net salvage value. Annual maintenance
and supply expenses equal 8% of the unit
price for both the boilers and the chillers.
Transportation and installation expense for

a chiller is an additional 20% of the machine
cost. This is also true for a boiler.
Auxiliary equipment cost for an absorption
chiller cooling tower or a centrifugal chiller
cooling tower is an additional 25% and 30%

of the tower cost respectively.

A motor starting unit for centrifugal chiller

costs an additional 10% of the machine price,
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8. Annual maintenance and supply (including
water and water treatment) expense fof the.
cooling tower required by an absorption or
a centrifugal machine is 8% and 10% of the

tower's cost respectively.

The predicted energy costs for the single stage ab-
sorption machines may be based upon one og two steam consum-
ption schemes. One utilized the chillers nominal steam rate
and its load-steam rate relationship [1] in conjunction with
the cooling load demand characteristics that are discuésed on
page 56. The other method relies on the 107.0 1b/f2/year
figure developed previously. Of the two methods, the latter
one yields the greatest energy consumption figure and thus,
it will be used to ensure the adequacy of the energy estimate.

The product of the area served by a proposal at a given time

and 107.0 1b/f2/year equals the total chiller steam required
by that proposal to operate for one cooling season. This pro-
duct is then multiplied by the change in steam enthalpy per
pound across a chiller (see Appendix B for development, this
figure is assumed to be constant) and times the cost of a
"useful Btu" (see Appendix B) at the time in question. The
cost of a "useful Btu" as found on Table 1 is first updated

to reflect the greater fuel prices of January 1, 1975, and
then escalated in accordance with the 5% factor described

earlier. It follows that:
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Annual Energy Cost = (Area served by the proposal) x
(107.0 1b/f2/year) x (1025 Btu/1b) x (cost/useful Btu)

The energy requirements of the two-stage absorption ma-
chine in Proposal AAE are 35%.1ess and the required heat re-
jection capabilities of its cooling tower are 20% less than
those of a comparably sized single stage absorption unit [18].

Therefore, the 107.0 1b/f2/year figure is reduced to 70.0

1b/f2/year. With this modification, énergy costs for Proposal
-AAE are calculated in the same manner as for the other steam
absorption cold generators.

The method required to evaluate the energy expense of
centrifugal chillers is more complex than that necessitated
by the absorption machines. Not only must the total power con-
sumption be determined, but the peaks of power demand must also
be identified. This inforﬁation is reduced to monthly energy
requirements and then the cost of electricity is computed ac-
cording to the billing procedures specified in the Kansas
Power and Light Company's LP-64 schedule contract (see Appendix
A).

Initially, it is necessary to determine the total power
required by the centrifugal chillers for a given cooling
season. To this end, it was determined by heuristic means
that a base cooling load, a normal high load and a peak load
would exist on the chillers for 60%, 30% and 10% of the 4776

hour-long cooling season respectively. With the peak cooling
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load taken to be 100%, the two lower loads are 70% and 44%

of the peak. The ﬁeak cooling lead incurred by a group of
chillers in a given air conditioning season 1s equal to the
chilling capacity (nominal tons) of the proposed machines

for that given year times the appropriate capdcity factor.
The capacity factor is the ratio of the chiller capacity
necessary to serve the existing new area (see Appendix C)

to the proposal capacity existing at that same time. For
example, the 1980 capacity of Proposal AAC is 3125 tons. The
required capacity is 2015.7 tons and thus, the capacity fac-
tor is 0.645. Assuming a power factor of 1.0 for the chiller
motor and capitalizing on the virtuwally linear relationship
between chiller load and chiller elecctricity requirements
[4], total annual energy requirements of a proposal's machines

can be calculated as follows:

Annual Energy Consumed (kwhr) = Capacity factor x [477.6 hr
x 1.00 x peak power (kw) + 1432.8 hr x 0.70 x peak power (kw)
+ 2865.6 hr x 0.44 x peak power (kw)]

The peak power requirements of the various individual
centrifugal chillers can be found in the proposal presenta-
tions of Chapter IV [4]. laving identified the annual elec-
trical power characteristics of the centrifugal chillers, the
monthly consumption characteristics must be determined. Both
the monthly air conditioning lecads and the associated chilier

power requirements are described in terms of their annual



characteristics in Table 3.

TABLE 3

MONTHLY AIR CONDITIONING LOAD CHARACTERISTICS

Apr May June July Aug Sept Oct

% of peak load [16] 13 17 50 100 83 50 33
% of peak power [4] 23 25 50 100 83 50 35
% of total load [16] 1 5 15 30 25 15 9
% of total power 1 5 15 30 25 15 9

The monthly power consumption of a proposal shall be de-
fined as the product of the percentage figure in the last row
of Table 3 and the annual electricity consumption term des-
cribed previously. The monthly peak power of the chillers
can be determined by again capitalizing on the load-power re-
lationship of centrifugal chillers [4]. This monthly peak is
the product of the capacity factor, the peak power percent-
age found in Table 3 and the power rating of the chosen pro-
posal as listed in Chapter IV for a given year. Applying
these definitions and relationships to the various proposals'
yearly energy needs will resolve those requirements in such
a fashion that the annual electricity cost can be calculated.
It is assumed that the chillers are on a separate billing
circuit from the remainder of the campus and that the LP-64
contract described in Appendix A will remain operative with-

out modification.
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In contrast to the energy costs that vary each year, the
fixed costs remain unchanged for a given machine. The pur-
chase price of the chiller, the cooling tower and all the
associated equipment is combined with the cost of trans-
porting and installing the machine. This total first cost
is then depreciated by using a sinking fund factor for 7% in-
terest and thirty years. To this annual depreciation expense,
the estimated annual éost cf supplies and maintenance is add-
ed, resulting in an annual fixed expense figure for each in-
dividual unit contained in each proposal. Another expense
included in the analysis of the steam absorption chiller pro-
posals after January 1, 1977, is the fixed cost associated
with the proposed boiler addition. It was decided to charge
the central campus proposals with 35% and 12% of the new
boiler's depreciation expense (also calculated using a sink-
ing fund) and supply expenditures respectively. The veterinary
complex proposals were charged with 12% and 3% of the same two
respective expenses. The total proportion of the boiler
supply expense charged to air conditioning (15%) is low be-
~cause makeup requirements in the cooling mode of operation are
mﬁch less than those of the heating mode.

The economic analysis, using 1974 constant dollars, was
performed with a base point of January 1, 1975. All expenses
were treated as annual ones with no adjustment as to the time
of year when they were incurred. All costs werc determined

on a calendar year basis resulting in a slight overstatement



.60

of costs in some instances. For example, in calculating the
energy expense of 1975, the months of April and May are in-
cluded in the energy consumption and cost computations when,
in fact, the proposals indicate that the units are not oper-
ational until June 1. However, the magnitude of this error is
very slight ¢ince these are the low load months. In any event,
the same error is present in all of the computations and, be-
cause this analysis is comparative rather than absolute, it

is trivial. The total annual costs of the various chiller
proposals are presented in Table 4. It should be noted that
these figures are in future doliars except where present
worth is indicated. After examining the tabulated data, it

is apparent that the steam absorption chiller proposals are
less costly through 1983 than the corresponding proposals in-
volving centrifugal machines, despite their greater first
cost. The twc-stage absorption machine is also less costly
over time than a single stage unit of equal capacity.

The economic analysis of the power generation proposals
will be directed toward the determination of generated elec-
tricity expense versus purchased electricity expense. This
evaluation will recognize the investment costs of the turbine-
generators but not the cost of steam generation facilities
because the turbines will, in essence, use only that steam
which would already exist to perform other functions. The
cost of energy used by the turbines will be considered, as

will the estimated maintenance and supply expenses. The
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turbine-generators of Proposals CAA and CAB shall have an
overall efficiency of 80%, regardless of the steam flow rate
[17]. The turbine expansion curves, as plotted on a Mollier
diagram, are assumed to be straight lines. It is also as-
sumed that both of the proposed turbines will have an opera-
tional life of 30 years and that their respective maintenance
and supply expenses are $8,000 and $10,000.

It is assumed that the non-condensing turbine of Pro-
posal CAA will be operated on a continuous, fully loaded
basis. The existing non-condensing turbiﬁes will be operated
when low pressure steam requirements significantly exceed
38,000 1b/hr. With 100% throttle flow, the turbine-generator
can produce, at a heat rate of 4266 Btu/kwhr, 1700 kw during
the summer months and 1790 kw when the plant is in the heat-
ing mode of operation. The reduced electricity production
of the turbine-generator during the summer is due to the dif-
ference in the power provided by the prime mover to the gen-
erator, which is the result of changing the turbine ex-
haust pressure from 5 psig to 7 psig. For the expected an-
nual generation of 15,250,560 kwhr, the investment cost is
$249.87/kw. Using the heat rate above and the 'useful Btu"
cost for 1975, the energy cost charged to the turbine would
be $32,483.90 for the 1975-76 academic year. The total an-
nual cost of the turbine-generator would be the sum of the
fixed costs and the operating expenses, $45,094.90. Assuming

this entire amount of electricity could be purchased from



the Kansas Power and Light Company at the lowest energy cost

of $.006/kwhr, the energy charge would be $114,531.70 after

compensating the energy billing rate for the greater fuel
costs of 1975. It follows that Proposal AAC represents a
potential savings of $69,436.80, and a return on investment
of 15.96%.

The automatic extraction turbiﬁe—generator of Proposal
CAB essentially has two heat rates: one for the steam that
is extracted for distribution in the low pressure header,
and another for that steam which flows completely thfough
the turbine and into the condenser. Those two heat rates
are 4266 Btu/kwhr and 14,071 Btu/kwhr respectively. There-
fore, the extracted flow should be maximized and the 'back-
end" flow should be minimized. Accordingly, the analysis
will be developed assuming that the throttle flow will be
such that the low pressure steam requirements are fulfilled
by the extraction steam and that the "back-end" flow will be
maintained at the lowest allowable level of 5000 1b/hr.
Using the annual air conditioning load characteristics dis-
cussed previously (assﬁming steam absorption chillers are
in use), the annual héating load characteristics (a heuris-
tic determination: 100% of the peak load, 5% of the heat-
ing season; 63% of the peak load, 70% of the heating season,
52% of the peak load, 25% of the heating season), the pro-
jected heating and cooling loads of the 1975-76 academic

year, and the operating philosophy explained above, the
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extraction turbine-generator will produce 28,082,022 kwhr.

(EF x hi) + (CF x h3)
KWHR =

3413 Btu/kwhr

where EF = Extraction flow, 1b

CF = Condenser flow, 1lb
Summer: hy = 152.56 Btu/1b hz = 254.82 Btu/1lb
Winter: hy = 160.65 Btu/1b h2 = 254.82 Btu/lb

This electricity will be produced Witﬁ a weighted average
heat rate of 5625.6 Btu/kwhr. With this heat rate and the
1975 cost of a "useful Btu'', the energy cost for'opefating
the turbine is $78,878.48. The total annual cost of the tur-
bine-generator is $98,121.68 for the academic year 1975-76.
If the 28,082,022 kwhr of power were purchased, the minimum
possible energy charge under the LP-64 contract schedule
would be $210,895.98. The resultant savings of Proposal CAB
would be $112,774.38, yvielding a return on the investment of
12.93%., It must be recognized that this financial data pre-
sents the proposal in its least favorable light because, as
the low pressure steam demand grows each year and the genera-
tion of electricity consequently increases, the weighted
average heat rate will decline and the return on investment

factor will increase substantially.



CHAPTER VI
RECOMMENDATIONS AND CONCLUSIONS

Having determined the financial aspects of the various
proposals to meet the heating, cooling and electricity re-
quirements of the campus, the results of the analysis must
be evaluated. Futhermore, those characteristics of the pro-
posals that do not readily lend themselves to quantification
or are not acknowledged by the economic analysis of Chapter
V-must also be recognized and their significance as to the
overall desirability of a particular proposal appraised.

In brief, engineering judgment must be exercised before any
given proposal can be labeled as the recommended one.

It was suggested in Chapter IV (in Proposal BAA) that
a new boiler be added to the power plant to augment the exist-
ing steam generation capacity. Steam production is a vital
operation on this campus and, as was noted previously, the
capacity and reliability of the current units become in-
creasingly suspect with the passage of time. Therefore, it
would be the recommendation of this report that Proposal BAA
be accepted.

An evaluation of the chiller proposals is a more complex
task. The economic analysis of Chapter V indicates that the
total costs of absorption machines are less than those of com-

parable centrifugal machines through 1983. ItHshould be noted
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that this total expense difference will increase for eval-
uation periods beyond 1983 because the annual expense of
absorption chillers becomes progressively smaller relative
to the annual costs of centrifugal machines. This fact
further enhances the initial desirability attributed to the
absorption chillers because they utilize the same facilities
(boilers, etc.) that are necessary to heat the campus rather
than requiring the addition of substantial amounts of elec-
trical equipment. Therefore, it is suggested that absorpt-
ion refrigeration chillers be purchased to satisfy the air
conditioning needs of future campus buildings.

Concluding that the electrically driven centrifugal
machine is the less attractive alternative for Kansas State's
applications, the problem becomes one of selecting a specific
absorption proposal. Designating Proposal AAA (the small, |
single stage absorption machines that are added frequently)
as the most desirable one on the basis of its lowest cost, as
shown on Table 4, would not be justified. Although Proposal
AAA is the least expensive alternative through 1983, Table 4
does not indicate which proposal is the least costly over
“the 30 year life of the equipment. The lesser fixed cost ex-
pense of Proposal AAB will negate the $9,892.05 adﬁantage of
Proposal AAA during the year 1992, Thereafter, Proposal AAB
will have a lower total cost (life to date) than Proposal AAA.
The largest, single stage absorption machines (Proposal AAC)

have fixed costs that are substantially less than those of



Proposal AAA. Consequently, of the $36,959.70 difference in
cost as stated in Table 4, all but $9,599.82 will have been
amortized by the conclusion of the expected operational
machine life., Because the financial characteristics of the
various absorption proposals are actually not as divergent
as they initially appear to be, the qualitative aspects of
proposal evaluation become more salient.

From an operational standpoint, it is easier to properly
control and balance the load between two or three chillers
versus six or seven. The probability of equipment failures,
and thus the associated expense and inconvenience of repairs,
increases with the number of machines operating. It is also
probable that with fewer machines to service, the quality of
maintenance on a given unit would be higher than that which
would exist if more machines were in the plant. It is veryr
possible that the installation expense for chillers was under-
estimated and that this cost, on a dollar per unit of chiller
capacity basis, would be substantially lesg for large units.
This would reduce the relative computed cost of the large unit
proposals to the small machine proposal. The administrative
expense of not only operating the lesser number of units,
but also of petitioning the Board of Regents and the State
Legislature for funding less frequently favors Proposal AAC.
And finally, aesthetic considerations support the installation
of as few chillers and cooling towers as possible, for con-

struction invariably destroys (temporarily, at least) the
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natural beauty of the campus as well as disrupting normal
collegiate activities. Therefore, it is recommended that
Proposal AAC be adopted to provide the chiller capacity to
air condition the additional central campus buildings through
1983.

- The economic analysis of the veterinary complex pro;
posals does provide the basis for a &ecision. Proposal AAE,
the two-stage absorption cold generator, should be accepted,
for it is distinctly less costly to operate. It follows that
the two-stage machine would also be the most desirable equip-
ment for central campus cooling if the operation of turbine-
generators was no longer possible.

It is the recommendation of this study that Proposal CAB,
the automatic extraction turbine-generator, be adopted. The
analysis of Chapter V indicates conclusively that campus power
generation is less costly than purchasing electricity, even
if it could all be bought at the lowest energy rate, which is
unlikely. The decision to recommend Proposal CAB in preference
to the non-condensing turbine was multifaceted. If additional
generation capacity is to be incorporated in the power plant,
tﬁe magnitude of such an addition should be great enough to
carry a large part of the campus load. The economy of scale
factor certainly favors the automatic extraction unit for its
investment cost is $157 per kw (at maximum production) while
the non-condensing turbine requires nearly §250 per kw. As

was mentioned in Chapter V, the larger turbine-generator will
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have a greater annual return on investment as time pro-
gresses (23.5% in 1983) while Proposal CAA will exhibit a con-
stant rate of return. Another significant benefit from the
operation of the condensing, éutomatic extraction turbine
would be the virtual elimination of venting steam to the at-
mosphere. This reduction of heat and water waste would realize
substantial savings for the'power plaﬁt. Finally, Proposal
CAA assumes that the two existing non-condensing turbines will
continue to cperate into the 1980's. In view of their age,
this assumption is questionable.

| The economic feasibility of an on-site power generation
facility has been demonstrated. The potential educational
value to students of a complete, small-scale power plant is
noteworthy in the age of the energy crisis. The University's
ability to function without total dependence on a commerical
utility is laudable, as the local power outage of Decémber 4
and 5, 1973, demonstrated. Although additional study is re-
quired to precisely determine the most desirable type of
equipment, the possibility of expanding the power generation
capabilities of Kansas State University should be actively

pursued.



APPENDIX A

The billing procedures associated with a Kansas Power
and Light Company Contract - Schedule LP-64 are as described

below:

Capacity Charge:
$1.40 per KVA for the first 175 KVA of the bill-
ing capacity.
$1.10 per KVA for the next 425 KVA of the billing
capacity.
$0.90 per KVA for all additional KVA of the bill-
ing capacity.
Energy Charge:
1.25¢ per KWHR for the first 50 KWHR per KVA of
billing capacity.
0.90¢ per KWHR for the next 100 KWHR per KVA of
billing capacity.
0.70¢ per KWHR for the next 250 KWHR per KVA of
billing capacity.
0.60¢ per KWHR for all additional KWHR.
Fuel Adjustment:
For each 0.1¢ by which the weighted average cost
of fuel, and associated costs, burned by the Com-
pany's generating stations during the second cal-
endar month preceding the billing month exceeds
or is less than 22¢/1,000,000 Btu, the energy
charge shall be increased or decreased by the pro-
duct of .000001 and the weighted average efficiency

of the stations in said calendar month expressed

in Btu input/KWHR of net generation.

s
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Billing Capacity:
It is the customer's average KVA load during the
30 minute period of maximum use‘during the month

provided that the capacity shall be in no case

less than 175 KVA.

Maximum capacity (KW)

Billing Capacity (KVA) =
Power factor



Appendix B

For the purpose of allocating energy consumption and
.subsequent costs among the various functions performed by
the'powef ﬁlant, the systems can be visualized as shown in
Figﬁfe 22. The power plant is represented as a closed
system with heat values attributed to each of the externally
beneficial operations of the plant - i.e., operations that
occur to support the power plant itself are assigned a value
of zero. The heat that is consumed in these externally

“beneficial operations shall be labeled "useful Btu's'",
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4 FIGURE 22.

A Thermedynamic System Representation of the Power Plant
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The dotted line represents the syStem boundaries and the
arrows indicate the various externally beneficial operations,
as well as the addition of fuel to the system. Energy con-
sumption of the various operations is calculated by multi-
plying the steam flow rate of that operation bf the change in
specific enthalpy of the steam across that operation. The
total steam enthalpy change is the product of total steam
production and the specific enthalpy difference of steam
entering and leaving the boilers. The sum of the heat values
of the operations shown on Figure 2Z will be less than the total
enthalpy increase of working fluid in the boiler because energy
consumption of internal power plant operations (auxiliary
steam to operate the boiler feedpumps) is not recognized. The
heat content of fuel added to the system exceeds the enthalpy
added to the system by the boilers because the boilers are
only 75-80% thermally efficient, at best [13].

Prior to the development of cost figures, the enthalpy
change incurred during the variocus functions must be deter-
mined. The developménts that follow are based upen 24 hour op-
erational data found on Tatle 1 of Chapter I.

A. Turbine-Generator:
(3413 Btu/kwhr) x KWHR produced

~ Steam flow (Lbp) x Turbine efficiency

ah (Btu/lby)

Assume generator efficiency 1is 100%.
Turbine efficiencies [2]:
Unit #1 68%

Unit #2 75%
Unit #3 70%



The following Ah (Btu/lby) values can be determined:

1/8/73 1/22/73 7/2/73

A hy e L 223.48
Ahy 163.09 181.92 162.59
Ahsy e 176,57 183.60

Auxiliary Steam (Boiler Feedpump)

7/23/73
215.64

215.64
160.47

Where: ; = 0.0168 £3/1by @ 222°F, Ap= 285 psi

Pump work =7, AP

= 0.8862 Btu/lbp

Pump efficiency [11] =  50%
Turbine efficiency [2] = 32%
Overall efficiency = 16%

In an effort to minimize the apparently random
variations in steam flow to the boiler feedpump
driving turbines, the flow data for 1/22/73,

7/2/73 and 7/23/73 was combined.

The data for

1/8/73 was deleted beczuse o0il was burned that
day and thus the auxiliary steam requirements

were affected.

1t follows that:

0.8862 Btu/lbp x Steam Production (1bp/24 hr)

Ah

]

144.35 Btu/lbm

The Trane Pump

0.16 x Auxiliary Steam Flow (1bp/24 hr)

Where: 17 = 0.01602 £3/1bp @ 50°F, Ap= 10 psi
I

Pump work = U Ap

0.02566 Btu/lbp

928,780.4 Btu/24 hr

(Assuming a constant 2620 gpm is circulated in

the chilied water dirtirbution loop)
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Pump efficiency [11] = 83%
Turbine efficiency [2] = 23%
Overall efficiency = 19%

Substituting the sum of the two summer days' data into:

2(928,780.4 Btu/24 hr)

e Pump turbine steam flow (1b /24 hr) x overall efficiency
= 23.78 Btu/lb,
D. The 225/5 psig reducing valve is assumed to be a perfect
throttling device.
E. The 90/5 psig reducing valve is assumed to be a perfect

throttling device.

The enthalpy of the steam in the low pressure header can be
calculated by using a single mass—énergy balance. The enthalpy
of the steam is known as it leaves the boilers, and the enthalpy
changes of the steam through the various paths to the low
pressure header have been identified above. Therefore, the
enthalpies of the various flows into the low pressure header are
known. The result of such an energy balance, the low pressure

header steam enthalpy, is:

January 08, 1973 h = 1201 Btu/1lby
January 22, 1973 . h = 1141 Btu/lbp
July 02, 1973 h = 1125 Btu/lby
July 23, 1973 h = 1132 Btu/lby
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The specific enthalpy change for steam in process use and in
heating or air conditioning systems can be determined if the

enthalpy of the condensate returning to the plant is known.

Condensate hf Heat/Cool Ah Process ah
1/08/73 97 Btu/lbp 1104 Btu/lby 1173 Btu/1lbp
1/22/73 98 Btu/lbn 1043 Btu/1lbp 1185 Btu/1lbnp
7/08/73 108 Btu/1by 1017 Btu/lbm 1162 Btu/lbp
1123773 108 Btu/1lby 1024 Btu/lbnm 1158 Btu/lbpy

There is an additional aspect of campus steam use that Las
not been recognized by the preceding comments. It will be re-
called that some of the low pressure steam distributed to canm-
pus is not employed in building environmental control. An es-
timated figure 125,000 1lby/day was used to compensate the
cooling figures for these extraneous uses and it shall be term-
ed miscellancous flow.

In Table 5 that follows, the daily energy consumption and
the daily cost of the various power plant functions are tabulated
for the two "typical' operating days. The energy consumption
term 1s calculated by taking the product of the steam flow
through a process and the specific enthalpy change of steam
across that process. Costs are determined by multiplying the
energy consumption term by the ratio of total daily fuel costs
to the sum of the heat values of the externally beneficial

power plant operations.
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APPENDIX C

The addition of new buildings to the campus vrequires
that more chiller capacity be obtained. It was found that
293 square feet are currently cooled by_one ton of chiller
capacity. This same relationship, 293 £2/ton, was applied
to the projected campus area increases to determine the

necessary additional chiller capacity.
TABLE §

A TABULATION OF NEW BUILDING AREA AND
THE REQUIRED CHILLER CAPACITY

Total Required
Capacity {(tons)

Total Additional Area
After 1974 (£f2)

Central Vet Central- Vet
Year Campus - Complex Campus Complex
1875 65,600 0 223.9 9
1976 65,600 0 223.9 0
1977 215,600 260,000 735.8 887.4
1578 455,600 260,000 1,554.9 887.4
1879 455,600 260,000 1,554.9 887.4
1980 590,600 260,000 20157 §87.4
1881 715,600 260,000 2,442.3 887.4
1982 005,600 260,000 3,193.2 887.4
1983 1,143,190 260,020 4,003.8 §87.4

&0



APPENDIX D

The costs of delivered and erected cooling towers re-
quired for the various proposals contained in Chapter IV
may be found below. The first stated price is that of the
cooling tower itself and the second cost listed is that of
the required concrete basin, All prices are in 1974 con-

stant dollars.

Proposal AAA
June 1, 1975 § 9,000 + 3,200
June 1, 1977 14,200 + 4,100
June 1, 1978 25,700 + 8,000
June- 1, 1980 15,800 + 3,900
June 1, 1981 13,900 + 3,800
June 1, 1982 22,600 + 6,800
June 1, 1983 25,700 + 8,000
Proposal AAB
June 1, 1975 § 22,600 + 6,800
June 1, 1978 25,700 + 8,000
June 1, 1930 25,700 + 8,000
June 1, 1982 48,200 + 16,100
Proposal AAC
June 1, 1975 $ 48,200 + 16,100
June 1, 19580 43,000 + 13,700
June 1, 1683 28,600 + 8,700
Proposal AAD
June 1, 1877 $§ 25,700 + 8,000
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1975
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1878
1980
1981
1982
1983

1975

1978
1980
1982

1977

Proposal ABA

$ 6,000
10,500
15,700

8,000
8,000
14,500
15,700

Proposal ABB
$ 14,500
15,700
22,900
22,900
Proposal ABC

$ 16,600

+ o+ o+ o+

+ + + +

1,800
3,600
4,700
2,700
2,700
4,300
4,700

4,300
4,700
7,100
7,100

5,100
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ABSTRACT

This thesis is concerned with an examination and anal-
ysis of the existing Kansas State University Power Plant and
the functions it performs for this campus. The campus util-
ity demand characteristics were identified as well as the
plant's working characteristics for both the cooling and
heating modes of operation.

The heating, cooling and electrical demands of the
campus  and their effects on the power plant were forecast
through the 1983-1984 academic year by means of identifying
historical trends of and correlations between the demands
themselves and between influencing parameters such as student
enrollment and campus area. Subsequent to the prediction of
the indicated campus needs, several alternatives were sug-
gested as viable methods to satisfy those demands. The va-
rious proposals were subjected to an engineering economic
analysis and, after an evaluation of those results and ad-
ditional qualitative evaluatory parameters, specific recom-
mendations for the expansion of the power plant's capacity

were presented.



