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ABSTRACT '
- The pi'eSent feasibility study and conceptual design are pat of a*demonstration pro-
ject wherein the Féderal government has funded this portion of the effort with the
understanding that the University will attémpt to fund and construct the project -
through its normal procedures, provided the present study demonsirates to the satis-

. faction of the University that it is in.the best interests of the University to proceed -

The information presented herein is believed fo so demonsirate.

" The technical feasibility and the economic benefits of an Integrated Utility Syst_'em

(1US) at the University of Florida are addressed, as are the environmental and in-
stitutional factors. The recommended IUS alternates inclyde select energy systems
_.wherein one fourth to three fourths of the required electrical power is generated
on-site with full utilization of the waste heat from the process for heating and
cooling purposes. Full integration of the systems is achieved through incineration,

. of solid waste for its heat content, and partial reuse of the effluent from the exist-

. - ing sewage_treatment plant for equipment make-up water and for irrigation.

A premise hss been made, based on the trend of increasing interruptions in gas ser:
- vice, that the University would haveto take some action fo provide an alternative

fuel for heating and cooling in the reasonably near future. This study demonsirate .

that there is significant economic advantage in supplying the energy necessary for
+heating and cooling as a by-product of power generation. '

Finally, it is not in any given utility system, but rather in the integration of the
subsystems where the University is able to gain conservational and economic ad-

#vbntage. Since the required system modifications will take four years fo design

and install, the time for planning is now, v _ ,
r
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AN

This _n.epon;t",pne,ée.nté the a.naﬁyé:as;* findings, and hecommendations éﬁ
an evaluation of the Integrated ULlity Sysiems concept at the Uni- -.

versity o4 Florida. .
The nepont is the nesult of a cooperative effort by the Univensity /
wtility managers, the HEW Project Offfce and the HEw'Comu&M;gmc— ‘
* ton, Regnofds, Smith and HiREs, Anchitects, Engineerns and Planners, Inc.,
Jacksonville, Florida. The invofvemesit of the HEW Office o4 -Facilities
' Engineering and Property Management is a consequence 0f L8 mission of
providing anchifectunal and, engineering consultant services Lo the medi-
cal and-highen education community, and, the Unj_vg/wi;ty,"é agreement to
* collaborate with the HEW team in performing the feasibility study on the
‘Gainesville campus. - - _ - . ,

-

. s .
The sponsorn o4 the HEW efforl was the Expliuimental Technology Incentives
Program (ETIP) Office of the Department of Commence, ‘National Bureau of /
Standards.; The ETIP involvement 45 particulorly innovative. This pio- C.
- gram seeks, through very modest fiscal assisdance o examine and experi- °

 ment with governmental policies and practices in onden to: .. -
. o . Idesitify and remove doveriment -n ted bawriens %o technotogical

- '+ . " change 4n the private secton; dnd '/ . k .
ot : o T ) ’ AR . ~.=\ .- ’ V-
0 ¢ Comnect Lnherent markel impenfections that impede’ the hnovatio .

P 'p’LOQQéA-‘ . ,’ * P , . . . . - . 32 - , . . .-

o . - - ) - ![ - - | IS / -‘ N ‘- .
The objective of the project is Zo demonstrate thif tie Integhated ,
Utility Systems (IUS) concept can conserve engrgy’and poiable waiu,' )
effect cost of energy savings,, end improve pollution control. o f

o ¢ 4 PR ,-6- C vy ) e : ’) '
) Lo \\:‘d . ; . ' :
BN B T I
Lo 7 .
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The architectural-engineering “hypothesis that fLead to the 5-ozcmu£a,£éori
0f this objfective is based on these considernations: ' _ : .

0 Histonically, utility services required by a community R
. 0f buildings developed as separate entities overn +ime _ '
beginning with Roman.ddqueducts and evofving 2o electrnic
powen, gase aitd othern utility services in the Late nine-

teenth centuny. -~ . ot
. o . :

bt}

0. Changes coufd e made in perception, “castom and Law which

T, would neduce constraints on the view that combining those
.. dervdices can produce benefits in an era of Ancreasing costs -
. 04 capithl, fuel, and potable water, and decreasing avail-

ability of these respunces. Public Law 94-385 of August 14,

1976, &8 a welcote step in that directidu. Among othen things

Lt rnequirnes the Federal ‘Enengy Administration -(FEA) zo develop
. proposals gorn natemaking policies which discourage inefficient

wse 04 guel.~ -

o There are clean technofogical opportunities to save cosits,
dave energy, and conserve potable water as well. as improve
s084id and Liquid waste handling, A4 the non-technical con-
staints can be Logically accommodated.

The technofogical approaches within the IUS concept are not new;

-

pieces and pants of the concept have been 4in use gorn many decades. Why e
did the concept: not prosper? Pruimanily, because the shortage of petroleun

and natunal gas ‘fueld was not expressed in very high fuel costs until .

necently.

The Federnal effornt at the Univernsity of Flonida, and at Central Michigan.
University in Mount PLeasant, Michigan, seeks to dramatize and demonstrate
that: With a very modest “effont,,in -collaboration with enlightened in-
stilutional executives and managehs, sthaight forwand problem s0lving
methods and sound architectunal -engineering practice can point the way to
signigicant cost and environmental. benefits. =

What contriBution and impact can a successgul 1US in i@ou’da and Michigan
produce? 1t is to be expected that many health and &ducation institutions
will be intenested 4in 1¢ necommendations made o the Un,éve/ui,ty 04 Flonida
and Central Méchigan Unkversity. v . - \,\' R d

. . a _

The.ﬁepc&utm@mt 0f Housing and Urnban Development is working on a similar N .

project fon nesidential communities; the "Enengy R‘éaeazzch and Development

Administnatybn 45 proceeding with an "Integnated Gommunity Enengy’System

MICES), Gnid Connected.” These Latten efionts have difgernent strategies,

but the entife effont has to<do with the dntegration of systems fon enengy

conservation. ’ P . .
) _ <
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- INTROBUCTION SR -

A. THE INTEGRATED UTILITY SYSTEM
The  objective of an Integrated Utility System (IUS) is to provide required utility
services with maximum efficiency and.minimal overall costs...and in a manner
which is consistent with environmental requirements and institutional constraints.

To this end, the 1US concept can become arviable option for medical and educa-

_ tional institutions to offset ever spiralling energy costs. By and large, current
utility systems (electrical power generation, heating and cooling, water supply,
sewage freatment and solid waste disposal) are typically treated as separate operat—"
ing entities. The HJS concept combines as many of these utility services as are

. economically justified in order to achieve maximum utilization of heretofore wasted
energy from individual subsystems. Optimization is site-specific, and, this docu-
ment addresses the multiglicity of subsystems available to maximize the benefits
from the IUS concept at the University of Florida. N

) -
The essence of an operationally and financially successful 1US is on-site electrical
power genmeration vtilizing low quality or waste heat to provide space héating and
coolind.requirements. Traditionally, large commercial electric genération stations
operate at approximately 35 percent thermal efficiency; whereas, -an 1US plant can
attain and even exceed thermal efficiencies of 70 percent. - Due to this fact, the

-economic benefits often provide for investment payout times of as littleas 3 to 5

years. . .with continving annual energy savings of 10 fo 25 percent.

.

e . . ], . oqe . . RN
The incfeasing cost and decreasing availability of fuels is serving as a catalyst to
“Boost further interest in the IUS concept. Contributing factors are:. :

(1) continuing escalation of electric utility rates,
2) shortage Pﬂd imminent curtailment of fuel supplies (natural gas)
; “. in many \sectors, ' o ' ' _
J o L . i
) fluctuation in fuel oil prices,due to the vagaries of international
- - oil policies, and _ \\ : - '

.

(4) , increasing environmental/energy conservation awareness.

T_He IUS conceht takes an jinnovative approach to integrating established and sound
engineering practices and proven equipment to provide more efficiently the required

utilipy services. o
. v
1 ‘

\;‘\y
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. The appeal of the IUS concept is further enhanced when one considers how it .
meshes with future plonning activities. For example, major equipment items, such
as boilers, have to be replaced periodically. When the cash flaw picture against
which 1US is being compared reflects these replacement items, the economic bene-
fits from an IUS are often dramatic.' The justification of an 1US (even partial) lies
in the fact that integration of systems affords the user substantial fuel savings, and

"often a rapid return on investment.

. B. RATIONALE FOR ON-SITE POWER GENERATION

. ~Although the IUS concept encompasses all utility services, it should be noted that
the majerity of the return is going to be achieved from the on-site electric power
generatjon integrated with space heating and cooling requirements, and that this _

- level of systemr a1egration alone will often justify an 1US. ) P

Industry long ago recognized that on-site power generation utilizing recovered low

. level heat could play a major role in reducing operating costs. Consequently, many
industries incorporated essentially the same concept under the name of Total Energy.
Numerous shopping genters, amusement parks, and‘other commercial establishments
soon followed suit. This took place prior fo the Arab oil embargo when fuel costs
were low. The savings are now even more dramatic and others are examining the .
potential benefits of Total Energy.- In particular, the military is examining the &

" concept fdr application at many of their facilities.

In.order to explain the principle of improved efficiency through combining space
heating and cooling with an-site power generation, it may be helpful to review the
concept of availability and.reversibility in thermodynamic systems. All thermodyna-~
mie systems, "e.g. high temperature combustion gases, at a given state defined by
such properfies as temperature, pressure, velocity and elevation, have the potential
for performing o maximum quan: ty of work in reaching equilibrium with the enwviron-
ment. The maximum quantity of work is achieved by going from the initial state

point to a final state point through reversible processes of heat transfer and work .

For example, in a university or medical complex, thermal erergy in the-temperature
“ range of 100° F to 400° F s required to provide space heating and cooling. The
—combustion of fuels in a boiler generates hot combustion gases at approximately
3,500 F to satisfy these thermal requirements. If reversible engines could be
placed between the heat source (combustion- gas) temperature and each of the low
temperature heat sinks, the system operation could then approach that of drever-

- *sible system and energy requirements could be obtained in the most efficient manner.
‘Although reversible engines exist only in theory, there are available heat engines
such as steam turbines that conventionally operate with throttle temperatures_of
800°'F fo 1,000° F and combustion turbines which operate at.inlet temperatures
in the 2,000° F. range. By incorporating one or more of these heat engines into the

v L -2




system, the irreversibility can be reduced and the utilization of thermal energy
improved over that of a conventional heating plant which generates steam require—
ments for the thermal loads with no power generation and maximum irreversibility.

The system which will, in general, look most atiractive in terms of highest fuel effi-
ciency is one in which power generation.is incorporated and in which the power
generation system is selected on the basis of being the optimum size to provide the
thermal requirements. Any smaller power generation results in having to use a con-
ventional boiler to produce the additional hot water or low quality steam required -
for heating or cooling, and any larger unit results in a portion of the on-site elec-
fric generation system competing with.the high thermal efficiency characteristic of
the large power generating units operated by electric utility systems. Put different-
ly, the plant will generally be designed so that the heating and cooling requirements
are met by the waste heat from power generation processes. This in turn will usually
mean that a significant portion, but not. all of the power, will be generated on-site.
This relationship is sometimes called a Select Energy Sysfem. ’
L

c. APPROACH AND CONTENT

‘ - . .
The elements to be considered and analyzed to evaluate the potential benefits of anﬁ
1US are: : .

(-1) 7 energy reiquiremenfs, | ’ ' ' /1
(2) ‘ present and proiecfea electrical rates and consumption, .
‘ @) 'rehabn lity and adequacy of publ:c power slj;ply, '
(4) | proiacfed availqbﬂnfy of _fuels in that region,
(5)  capability of bql:ning different fuels, i
‘ - . l &
(6) _ existing utility plant fac.iQies, | - ]
~(-7) spaae availability, \ o | ‘
-(8) .economic benefits,
(9) funding capability, o 2
(1 0). insﬁtu!ional and organiz_a"fIOnal factors,
an . er;vironmeni.'al‘ desirability, and " ’ -
(Ié) ihmpacf on the sbrroundi-nlgscommanity. s




" These elements have béén.éoﬁs'idered'fog‘the Un‘iyérsify :6f Florida 1us$ application '
and are presented in this report as follows: . Lot N - :

-

« 2 . 3
- ‘:" ) - 7 AR . — -
- .

- -

(1) . A description of the University of Fierida utility systems is given

o . in the Existing Utility System section. The pertinent uti lity data- .

| provided by the Universi‘!yAW-_ex_aFningd- to djvelop a'baseline” ., .
.* conventional desigp, =~ ﬂg;; B \ LT

k) - -

.
-

(2) ~ The Energ'j}q,Avqilabili,ty. and ‘Césii‘sew_ijion assesses fh,e.Rr-es.en't.énd o
: future fuel ‘and electrical supply sitiation, *. i | a7

M) . The Integrated Utility System Conceptual: Design-sectiori presents
. the rationale for selection, sizing and integrating the utility sub-_
~ systems.” And, -an analysis of the technical feasibility and benefits,
=+' to be realized by the. proposed designs is made, A

The ﬂ’nqncial benefits of implementing ap IUS at the University -
" are established in the Economic’Analysis section. A life cycle
s _cost analysis of alternate 1US concepfs is applied to determine
= the relative economic return to. be expected for an IUS system

'as compared to conventional utility system counterparts, and

- (8 . The Environmental and Institutional Factors section assesses
the potential environmental impacts as well as-institutional fac—
tors, other than environmental, which can influence the appli~
cation of 1US technology at the University of Florida. - E

)

- P -
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A. . "INTRODUCTION . .’

- fimum system performance. = /- K

. " reducifg the volume t6 be gccommodated in the'landfill. The ash

1. EXECUTIVE SUMMARY

- - -

.
/ S e s

mutual support of five utility subsystems needed by acampus compiex of buildings.
The subsystems are: (1) Eleciric Power Service; (2) Heating-Ventilating-Air Con~

. ditioning and Hot Water Service; (3) Solid stte'Ho;idling; _('4) Liquid Waste
 Handling; and (5) Potable Water Service. By and ldrge, current institutional .

utility subsystems are treated as separate entities. “Integration” of the subsysteing

*".is a design approach that seeks to establish those aspects of each subsystem that can
assist the oyerall sysfem performance. Aaid cn_oﬂ_\erjwcy, the IUS, concept seeks op—

. - ! . - -

The essence of an energy savingsand financially feasible IUS is on-site generation
of all or part of the needed electric power s rvice and utilization on-site of the

cast~off heat normally lost’at a large remofe power station and also the energy nor-
mally lost in transmissioh to the institution. In addition, 1US considers utilization

of the heat values derived from solid waste incinerated on-site.
T ) . 9 - . .

- ) )

\}Mithip the context of a s:.peciﬁc site, liquid waste handling can include exiraction
- and digestion of the solid portion of the waste and treatment to standards that would

=

. permit the final effluent to be discharged'into the stream system: In addition, the

final efffGent can be used for such purposes as plant process water and irrigation in

resulting from the liquid waste handling operation, such as fertilizér. The sterile

* ash gemaining from the solid waste incineration operation can be placed in a fand-

fill. . . . . -- * ’ ) r . '

-

j ) . “ . . g 1‘ ' - L . - . - '-'-_
It is conceptually feasible for an 1US to provide-self sufficiency for utility services

The coﬁcepf’of the lnfeg%&ted Utility,System (IUS) is to consider the interaction and
! Pl ¢ ) litygoy s to cogs

N

“order to reduce the demand for potable water. There ate potential, uses for the solids.

BN

within the state-of-the-art of proven technotogy. Furthermore, thg)system can be .

designed ‘to .tsccommodate the addition of heat and power from other services, such

e

as solar energy when technological advances so warraot.

. ’ A : ' . 2 ~ e, . -
In this application of the IUS concept the environmental considerations include:

~, © Reduction of solid waste by incineratidn to 5 percent of its original .
Toee volume,” and removal of. the sterile ash to a landfill, obviously - . -
* will not contribute to ground water pollution.. Costs of installing .

and operating this subsystem were included before ‘estimating. the,

r® net:savings or credits. , S . L
[ . - . - -
. v N . e .
- - _ ‘ ) -
) -, e )
' 5 -1 pes (-
« “w - ’ =3y .
’ » o,
) £ « A
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N

.o Reduction of the potable water dté,md#d;thrgd

3 _ mand ¢t .'b_:futil'izat_ion of some i f
- of fhe treated liquid waste effluent for plant @rocess water and irri~ - ,
®. gation. Costs for this aspect of the integrdfion are small and were LT

*  notiincluded. . -~ - e TRV N - -
o . Pollution control devices to meet local ;and: national standards, and © -
- the costs of these devices and their og‘e’i*aﬁ&i énd ’mqinf_e-par"{?:e were
R included before- making estimates of net s'av?rf'g'ﬁ';;\._.q_:"-\:'-“f-‘__n'.-"f'"'
° - : : wT _— _'.- : ;‘} : AL L
"It is to be ‘emphasized that 1US concept applications aré""\"s»i'#é-j“sééé;ific-"”o_r custom
dé&signed to a specific institutionalsituation. - % RO T f‘ R

-
‘

i . N . ‘ . _ .“ A T '; ~ ‘. .j-.r.-.:’\ ‘: . _' . .
. Finally, the IUS installation recommended.provides ,fo\_f\he i_qd.i}'iiq\ual ‘campus buildings
utility services responsive to present demands: This medns-t ‘t;';{é_i_ﬁiiffonal energy
conserving ‘actigns that may be implemented within the buildings‘will pravide addi~

tional cost of energy savings associated with the proposed 1US S \ "i&‘z}:‘ “
S e S [PURTAREIR I e N
B. RECOMMENDATION - -7~ .. A S S S
. ~ . e . . .’1&7 L. \\

N . e r . : < L T s :
'As a result of the findings and analysis contained in the report, "Integrated Utility
Systems (IUS) ~Fegsibility Study and Conceptual Design at the l{nwers]zt)’r of Flarida,
- the following recqmmendation is made to install an IUS on the Gain Ké\v__i“gé;éambus.
o . R R A ?‘: . “ _ L.
" Proceed nowto budget, design, ‘and install a 12.5 megc:wi':lﬂ:i‘her:ﬂ_w:/_f2 electric'gen-
. erating plant plus a 25 tons per day, of @75 tons per day, solid wasteificineration’
. plant. In support of ‘that effott act promptly to modify the air conditiaghing expan=-

" sion program so that 5, 900 ton$ of air conditioning is provided by ch_drpf‘fon chf]’]ers “

‘rather than- eléctric motor driven chillers as how planned. - R
) S, . . . . . . . L’i:»:é'. . o
The thermal electric plant would consist of two multi-fuel boilers (coal, oil, oFgas) . -
and two steam driven 6.25 megawaitt matiable exiraction furbine generators. Part-of e
- the existing steam distribution system would be converted to a "Low Temperature Hot - -

Water" heat distribution sySWring heating plant should l?\e retained for.
back-up reserve. - < < - T i o ' .

o °. ." - ' > R ) ‘ - . "' ’ ",

- . . . ,,_.‘-. ) o h‘_. e S
The new power plant and solid w§4e incinerators would be located nearby and assos. -
ciated with the existing heating plant. e ' T L

. The new equipment and existing plant modifications will provide 85 percent of ‘the - )
- eleciric power fequirements for the University, and 100 percent of the space heafing, .’
' ait’conditioning and ‘hot watér service requirements. The balance of the electric’

power needed by the University would be suppligd-from’its present sources on the

utility electric power grid. Improved pollution control will result for the 'Uni\felzity

and the surrounding community. ‘ < - -
T, - =2 o7 - '
- . . ’ - ° ’ "
S 15 - :
. . IR - -
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. The annual energy cost §‘°cn{fngs beginning in 1981 wh_én~the“ploqt would start up is
‘estimated at 41 - 44 percent of ‘the eXpected annual cost of erergy in 1981 if the
University were to continue in its present méde of operation. (See also Figure 11-1.) ;.-

~ The investment costs and related benefits are state below:

.6 .The cdpital investment cost for tl"ze:::ecémm.ended‘ Jus modification is
$18.2 = 19.4 million. = : w ' :

o A’nnual val'u'e of energy savings over the 25 year plant life is41 - 44

-

- percent per year, this would E{e-'$;‘1~,2;5"4.4 mill[on in 1981 when the

+ plant is started up. LB | . -
. 3 . ’ 3 ? . f\‘% .
o Economic Indicators: o,

.= Payback period as an indicafion of the risk is 4.8 years. .,(
) C - o {

- The savings to investment rdtio is less than 4 (this number is
derived from dividing (1) the estimated total future net. )
savings from 1981 to 2006 discounl?ed to 1981 using tke
State of Florida bond interest rate of 6.5 percent as a dis-
count rate by, (5) the total investment cost in 1981 dollars.) -

- = Interest rate of return on the investment is 23 percent. <
. ' 0T . . - . . }
'The recommended option costs and benefit details are presented on Table II-1. .
Table 11-2 ‘and 11-3 present, for budget purposes,” the investment disbursement gosts
inflated to the pertinent fiscal year for the 12.5 megawatt plant, plusia 25 tons pert
day or g 75 tons per day solid waste plant. : -

’ P

C.  INCREMENTAL ALTERNATIVE RECOMMENDATION -

As an alternative to the foregoing recommendation, an incre‘rr!éntal"insfdilcﬁon
program is presented on Tablée 11-4. This breaks the recommended IUS info two

phases: Phase I, which is approximately_one half of the recommended IUS, would -
-be fully operational and would yield roughly half of the benefits if Phase [l were
never built. In this case, the payback period would be 5 yedrs and the intergst

. rate of return 22 percen.i‘.' P ;- | I T I

IR T . v . : s : _-,; N . .

. .The purpose of the incrementation as displayed on Table 11-5 is to show what the

- fiscal yeaf expenditures would be if the project were phased. Alhough Phase 1l
is only splipped one year, it would be possible to slip it ary redsonable period of
time. The penalty, of course, would be in the escalation of consfru;fion costs and .
more significantly in the lofs of about $2,000,000 per year in operational sawings.

A
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D.°  OPTIONS FOR $OLID WASTE INCHNERATION

r - e & . .

The following solid waste incineration options are feasible when made part of the

"> proposed 1US. ‘Waste incinerators are now -available that meet. air pollution stan-
dards and déliver steam useful for reducing other fuel demands. The incinerators -
can be enclosed to'preserve an’ attractive external appearance; the operation is on
.an 8~hour, 5 day a week schedule, and’does not require highly skilled opérators. ™

: - - - . ¢ - .

The smaller option is based on the University generated solid waste at a rate of 25

" tons per day. The larger option includes the -University and the City of Gainesville
commercial dry wasté at a rate of 75 tons per day. Truck traffic would range from
5 truck loads per day to about 15 truck loads per day. The residue of the solid waste
is a sterile ash of about 5 percent of the volumé of the 'waste input, and the ash
‘would be trucked to a landfill. -Main eni:opomi?: features are (from Table 11-1):

e T o i  City &
N I - _ , | University University
o = Volume (Tons/Day) B  ‘ ' - S 25 5
o’ Yotal Exée‘nded‘Doildrs at 1981 s_fgn_{,p’" ,5’13;1%7,000 ’ -$19, 547,000
= Anﬁuﬁl Opércfning-\Credifgv - """‘_ g U S . - = . ” N 3 ,
" or Savings'h - R -~ . $ 4,223,000 $ 4,373,000
o ‘Ec}bcck Time.of Total .Sysfém'bl"-bl | JL | L ,’ 47 - z - 4.8 -
o »-ching’év/lr.;\'/es'fm%hf. Ecﬁ.g of.To'rql System Q ;E‘s . .~’ . ° ‘3..4:
Qh . lnterest:l?bte \df‘Return on .in\)és_fméor;‘f. a L 2314 . .‘ | 229 : }

-' N . . ‘ . ) . i ) . ‘. . - . . ’> "
The larger volume option would-require discussions with the City of Gainesville in
." order to assure’a supply of solid waste and a mutually beneficial agreement. ~ '

-

E. CONSIDERATIONS FOR MAKING THE- IUS DECISION -
in the majn body of the report detdi!qd“dné’lysgs _o'f'-.'.fhe &urrent. energy posture of the

~

University and the future possibilities are provided. A summary of the basis for
making the recommendafion is presented. - % <

. The University utility managers and the IUS feasibility study team™= the HEW Pio~’
ject Office, the ETIP Advisor, -and the Consultant contractor. - have together en— -
deavored. to present a professional technological appraisal of the Universify situation.
The University executives and the State of Florida officials will want to review _ -

‘ C | 11-5 e
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. the recommendation and challenge the basis for the recommendation in order to
make their decision. -
“The folléwing assumptions have been incorporated into the study report:. . .

P . . . L L

- " ~ “lktern .' i : ' » e _ Assumption |
.0-  Natural gas available in 1981 - . ‘ o .
at an atiractive relative cost. SR - Not probable

. ' o Fuel availability 1981, burned in ;

- . the present plant if 1US is nof , Fuel Oil
adopted 4 e L - ' C :
" o - General inflation - Co ) - .4%per year
~o Additional construction cost ) _
escalation . . : 5 . - 1.0% per year
L ‘_ 4 R ) . . .
o - ;' Additional fuel oil price | o . .
. escalation C. - 2.2% per year
‘o A tional coal price escalation ' I <=0.7% per year .
‘0. Additional electric power price é - )
) escalation ’ _ - S "2.3% per year
o ‘1Us pl’éu;\f life = - ! ‘ AT | o . 25 years

-

" Unless otherwljse stated, all costs and savings cré in dollars brought forward to 1981 .
using the above assumptions or brought back to 1981 using the State of Florida bond -
interest rate-of 6.5 percent as a discount rate: : =

s

h -~

The decision making risk for proceeding now in‘an US investment program is clearly’
-associated with error in. judgement of what will happen in the future. The team used
" two prime*economic indicatdrs to evaluate the alternatives considered: interest rate

of return on fhe‘jhvestmenf',- and payback time. .

TR B L - e ;

- The quéstion isposed: How sensitive are the conclusions and the recommendation to

~ variations in thé"Tnput data? The changes in payback period and interest rate of -
‘return on the investrnent were tested in-a series of sensitivity analyses. The follow—
ing observgtions;‘ccn be made with réspect to the recommendatiog: -

—— 0 . - -
I 4 - - ]

(1) The! results are relatively insensitive to an error of 20 percent plus
' B H-6 (RO




2)

@A)

(4)

(5)

(6)

7)

(8)

+

The penalty for inaction is dramahzed in Flgure H-1.
sity are estimated to be $9 million per year by 1981.
then those costs are estimated to drop 44 percent per year.

or minus in the capital cost estimate. : e

-3 /

A change in the dlscount rate from 6.5 percent fo 5.5 percent or

7.5 percent had little“effect because of the rapid payback penod._
and_ the low dlscount rate used

- Since the additional operation and maintenance costs are a small

fraction of total annual -costs, errors of plus or minus 20 pa;cent
have little effect on the economic benefits.

Variations in the economic life of the planf of plus or minus 5 years
have negligible effect.

“An lncrecse of plus one half or a decrease of one half of the assumed
rate of inflation of 4 percent per year will add or deduct only 2 per-

-

centages points to the indicated interest rate’ of return on the invest- [

ment.

R -

A 20 percent vcnctlon in the price of either coal or oil would increase
or decrease the interest rate of return by-slightly more than.a tenfh.
As oil prices increase the coal fired plant would look more attractive.

Within the range of, coal price fluctuations tested the economic indica—- '
tors are excellent. '

-

A genera{ reduchon in the escalation of energy costs including pur-

chased electricity to the projected general rate of inflation of 4 per-
cent would méke the indicators less attractive. However, ‘the interest"

- -rate of return would still exceed 18 percent and the poyback penod

would not exceed 6.8 years. & .

v . : . . ~

o . ~

" The “"base case” against which the_comparisons are made assumes the

existing plclnt would be burning oil in 1981. If, in fact, gas is avail-
..able and is burned either orie third or two thirds of the time, the in-
" dices are unfavorably effected. However, the interest rate of return

_still exceeds 20: percent. and the paybcck period does not exceed 6years .

9

- .
= - . - . -

LS

If the IUS goes on stream
(If the general inflation

and fuel escalation is higher than assumed, then'cost savings will be higher than

predlcfed and the penalty for inaction will be-higher.) Thereafter the existing sys-

tem cost performance follows i‘he top curve and the 1US system performance would
follow the boﬂom curve: , . - . _ o :

-7

Energy costs for the Univer- ,

.'r
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F. 'SCHEDULE FOR CONSTRUCTION ot

AN

- . - - 1] J .
. . e

The schedule for construction and major equipment pbrchoses for the™ recommended
option— 12.5 megowoft electric plant and & 25 or 75 tons’pér day solid.waste in-
cineration plént ~ is’ preseqted in Figure 11-2. Nofe that the overall schedule is
estimated at 42 monfhs. g Y. ~ N

-

In. order to relate the budgehng and fiscal mofencl in Tables 11-1 rhroug]‘n I1-4 to

the construction schedule in Figure 11-2, the reader is reminded that the recommenda-
tion is to proceed now to budget, design and install an IUS for start up in 1981.
Prgsuming that the University and the State accept the recommendation, the bqlance
of calendar year 1976 and the first quarter of 1977 should be devoted-to-Univefsity
and State review, seeking approval of the coplf overloy program and Anitiating the
design and consfruchon controctmg process.
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v 1 125 MW Therol Eacic Generotion Sstem with Eitherof T Lavls ofSlid Wate ncinarlin,
) y .8 Toms of Solid Woste Per Dy (Univensity Only),lu 75 Tong Per Doy (Unimi'y ond Commercial Community) \
R T ' Y Conbiedwith - Univasly ond Conbined with
1 " " Do Cose 12,501 Univensity MW Universty Solid Commerciol MSW ~ University ond
| obaisfer  + Absorption Chillers ~ Incinerotion 5TRD  Wete Incineration ~~ Incineration 75 TPD  Commeicial Soli
émim -+ @ Q) Incremento! . -3 (o) " Incrementol Waste 75 TPD
' ¥ l 1 s A}
Copital Cost Required to Plont ' : , o s
Statp (196 dolln) . W | % S Y
Copital Cost lnfloed to Project - . ) - o ] /
Date of Disbursement o ‘ ‘ : S )
‘ FY19m: C ' . | 2,% - 298
v FY ]m ‘ | * ) 45898 - 4,893
- . FY 1980 o 71m5 N - 7!“
. : Y1981 174} 7 S A 4,86
1B ne e 20 . 30
PO 4R, @S ) . B
PR 1998 1,000 1,020) 3120 3100
Comulative Totol of Expended . °
Funds of Plont Siertp o M .78 R/ 2,066 19,57
.* . Copitol Cost Reguired to Plont : : . S '
= -Stortup (1981 dolleny) ' SN 19,789 5 , &% 2,08 , 2,98
7 Amwol Operoting ot ‘ ' , , .
S (Bldln) 0@ s I ¥ 5,64
- Aanvol Cpercting Cost Savings ' A . | 9 :
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Present Worth ot Net Sovings ' . L . , ,
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Interest RteofReirs (%) (] - 23 Y - ' a9
Peybock Time lnchuding Interest C o | '
(yeon) - : 47 - . S4B
g .S | .
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4. Reploce existing boiler, - - ' S
3. Inplont rolling shock replocemen, . u . ‘ ,
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F l{lC me required torecorer the inftil investment. Expandad dollas divided by net onmeal vings in 1981 conshont dollors,
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TABLE l|-2

| l2 5 MW THERMAI. FLECTRIC GENERATION
WITH INCINERATION OF UNIVERSITY SOLD WASTE
{25 Tong/Day)

Cost Disbursements by fiscal Yeor |
Besed on Plast Strt-Up in 1981~

- Etimated R -
Cost Breakdown Commitment Disbursements (00) by Fiseal Year
by Cotegory Dare | FYIo FYI99 FYIR0 FY g1
Enginéering ond Fees Sept 1977 818 273 ]09,;. ]64
Tubine Generator | 'Marc,h 978 208 o 1 976 4_5’1' |
Steam Generation inching . % -
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ol Conctin v 9B 8B 206 35 @‘1 &
T -
Solid Weste Energy | T
"~ Recovery - Ot 1980 . 0 0 60
\ oM. - 208 4E N5
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| TABLEII-3 KR
(12.5 MW THERMAL ELECTRIC GENERATION SYSTEM "
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St 197 v,_‘818v '273~-'» wo.om

. Steom Generation including
.-~ -Pollution Control

Dot
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Estimoted  <_
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TABLENS e :
1S TWO PHASE INCRENENTATION WITH COSTS DISBURSEMENTS .,

"; BY FISCAL YEAR BASED ON PHASE 1 PLANT START-UP IN1981 - | .
Ta o PHASE1-6.25M. W THERMQLELECTFNC GENERATION SYSYEM a T ‘-
WITH UNIVERS,ITY SOLID WASTE INCINER!\TION925TONS/DAY) S
‘. o o \X )
' : - ' Btimated) * .
*- Cost Breakdown _ Commigni* ' _ Disbursements (000)byF|scal Year o '
by Category " Date TR TR ~ FY 1980 NFY IR R, Toml
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" The University of Florida is currently the largest of the nine universities in the

A HISTORICAL L

L. SITE DESCRIPFION I

The Unwersnfy of Flonda is a combmed state umversnty and land-granf college lo--
cated in the northern center of the State. Whlle its beginning goes back to the days

_ previous to Florlda bemg admitted to the Union in 1845, its first college, the College

of Arts and Sciences, did not open until 1853, A 'féw years later the passage of the
‘Morrill Act provided lands for state institutions of higher learning which would pro=
mote. agnculfure, mechanical arts and mlllfary cnepc)e, resulhng in the. begmmngs
of the College of Agrlculfure, the College ofﬁgmaé“"ng, and the® AQI"ICU“'UI"OI v
Experl ment Station. P . . .“" ,
By 1905' ,there were a half—dozen sfcn‘e suppo:ted institutions of hlgher learnmg in.
Florida, located in various paris of the State and siruggling for existence. At that
time the Florida legislature took a step unpre&enfed in the history of education

in any state by passing the!Buckman Act, which abolished the six State Colleges

and provided for the establishment of two new institutions of which'th University

of Florida was one. It was established for men, located i in Go:nesviﬂz and placed
under the direction of the Board of Control, g body created by the Buckman Act. _
In 1947 the Umversﬂy was made coeducational. The nine .member Board of Regents

replaced the Board.of Control in 1965. ; LT ot .7
B. ~ PRESENT _ e e ' '4.

- SN e
P

Elorida State UniveRity System. The seventeen major colleges located on one cam-
pus include the University College,QZ:'lege of Agriculture, the College of Archi-

- tecture, and Fine Arts, the College of Arts and Scnences, the College of Bisiness
Admmrs‘rahon, the College of Den.nstry, ‘the College of Education, the College of

" Engineering, the” Sehool: of Forest Resources .and"Coenservation, | l’he Lollege of ‘Health’ |

" Related Professions, the Co“ege of Journalism ard Communications, the” Coll‘ege of
Law, the College’of Médicine, the College of Nursing, the CoIJege of Pharmacy,
the College of Physical Educahon, ﬂealth and Recreahon, and the College of

Vel'ermary Medlcme.. * ) - e

C.  CAMPUS POPULATION PROJECTIONS o g@ .

Planning at i’he University of Flor:da is not bcsed upon fhe xdea of’ perpetucl growth
in numbers. In fact, it is evident that enrollmenf will level off bosed ‘upon the

followmg observahonS‘ Coe LS s
e '(a)'- Af present there are nine sfafe umversmes and twenty=eight
s ... " public community colleges—-an enormous increase of such -
| -1
\
o o e T o

- il



| focil'ities dnring recent years.

“(b). Recent surveys indicate a decrecse in the percentage of high
) °,school graduates who plan to enter college.
. fe) - | Smce 1957, there has been .a steady declme in both the relative
. ond\obsolute 'birth rates. The country is below the zero. population -
o v - growth level with the relahve birth rate belng only two—-thlrds the
e l957 flgure. SR
. . . . . \'.. ’ .
@ . From 1976 to 1990, the prolectlons are thot there wull be fewer
T students entering the higher education pool. This is. relotwely

: certolh because those future students are olrecdy born. .

-
: s l R

'Thus, it would appear thot the penod of accelerated g'owth in numb‘ers for the uni=

versity enrollment is over. One advantage is that now it should be: possnble to have
 buildings and utilities catch up with the needs. 'Now the Unéversity can concen-

trate on providing contmwng growth, in quollty of both the occdemlc progroms and

the physncal plant. * : o
A contmued student populohon arowth is ont:cnpoted olthough not at the acceleroted
rate experienced during the. 1960's. - Present full time equivalent student enrallment

is 24,000 with a faculty of 2,500 and a staff of 7,500. Population projections which
have been furnished by the WUniversity of Florida indicate a full time equivalent stu-
* dent enrollment of opproxnmqtely 27,800 in the 1979-1980 school year and a t‘otal
‘ ca{npus populctlon, consudenng students, faculty cncl staff, of 44, 000.

-
. \.- -~

SETTING . ;f' 3
: The Umverslty of Flondc is Jocoted in Gcnnesvulle, a c;ty of opproxlmately 75, 000, _
7. exchuding the Umvetsnty of Florida students. ; Situated in north central Flor:da, mid=.

~ . way between 'the Atlantic” Oceanand the Gulf of Mexlco, the city'is known asan’ -
. agricultural and small mdustnal center. :

E.V | CAMPUS LAYOUT

A map of the campus |s" shown in Flgure I ll— - The contiguous campus encompasses
1,900 acres with a bmldlng floor space of 7, 800 000 square feet. - The orngmql
'campus was located in the northeast corner of the present compus with exponsnon
and west. : . 7 o :

-2
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F. EXISTING unu Ya&

The Umversl}y has sfeam -';.u__-,f'" 'llhes to provide he/mg and coollng. A

~3mall backpressure steam turbine
power requirements. The University Has: sewage treatment.facilities and operates a
solid waste collection and disposal system. - The location of these facilities has been
identified on the campus map shown in Flgure I1=1. Additional utility require-
ments such.as electri¢ity and potable water are purchased from outside sources.
A detailed descrlphon of the existing utility systems is given in the next sechon.
Expcms;on plans on utilities and facnlmes conhnue tg be drawn up while others are
executed. A ten year study and expansion program ) was developed in 1964.
The campus facilities have since increased almost two—fold. A second ten year

- _projection and expclnSIon program s Ywas mrtlcfed in 1973,

G. FUTURE GROWTH OF PHYSICAL FACILIT!ES

The University of Florida Dwnslon of qunnlng and A?cﬂysns has prepared an Antici-
pated 10-Year Renovation & Replacement Program (2) which describes present

- planning for the: construction .of new buildings and the renovation of existing facili- |
ties. Since a mc|or portion of this program is for renovation and replacement, future -

gross building space is not anticipated to increase significantly. However, the re-
novation program is anticipated to add to the central utility load as local heating
-and coolmg_ units are rehred and the building loads are connecfed to the central

'p[anf e R

H. _BASIS FOR PROJECTING NEEDS T »
. e < T

Forecasts of future requ:remenfs for uhhhes, presented in this report, ‘have be,en o~

.bas upon (1) populatiod prolechons, (2) planning forecasts: for future building " -
‘const tion and renovah“ d (3) h:sforlccl growth frends in demands for utili-.
. . ¢ ties. Fach provides data wh:ch necesscrrl)z mfluence thé ather two. Therefore, T
) _-fhese data must be carefu'lly.’-lalyzed in ord'er to acl'--m.f" c high degree of

. accurgcy.

/ Many programs do not follow the hns.onccl per. student it lity needs. The College -

- of Medicine began-its operation in 1956 and now accepts 70 students annually in
its four year program.leading to an M.D. degree. The Medical Center, including
Shands Teaching Hospital and related facilities, produced a much higher than: |,
normal per student demand on _the utiljiies system / The large increase in research
progecfs carried on at the Unlversd'y ;yécucew defaddsFor. utilities unrelated to
“student enrollmenf. Wh:le forecasting uiiliiy nfeds/based solely upon enrollment
projection has proven unsatisfactory, subsequadt e perience has demonstrated that

- utility projections can be made with sc:hsfacfo qccuracy by properly accounting
'for ‘the nature of the lntended use. (1= ' :

IS

generator generates a minor poftion of the electric -

L5 - *

’



Iv. EXISTING UTILITY SYSTEM

A. ELECTRICITY
A — . 2 >
1. . Source of Ele‘é'tricify-' | '
) P -~ . .
A 1,000 kW bockpressure turblne/generotor at Heotmg Plant No. 2 generates ogproxn-
motely 5 percent of the total electricity consumed by the University. The remdining
- electricity is purchased from Florida Power Corporotuon which sup'plles the power
through two 69/23 kV A transformers at its substation on campus.  Thé substation is
. located near Heating Plant No. 2 in the southwest section of the campus. Power dis~
‘tribution from the substation fo campus distribution vaults is at 23 kV .. This voltage. |
T s transformed to 4 kV at the vaults and then fed into the campus grid system.

In 1975 the University consumed 124,338, 000 kllowott hours, of whlch 118,338, OOO
kilowatt hours were purchased from Florida Power Corporation with the remainder

' being generated ot Heating Plant No. 2.  The existing contract bgtween the University .
and Florida Power Corporation provides for on=site power generafion in porollel with
purchased power. The contract clause is shown as Exh:blt l
The Unuversnty has minimum on-sne emergency operohng copoblll‘ly When the med-

. ical _center was constructed in.1956, an emergency power supply was installed. Since
that time the facility has tripled in size with o increase in generating capacity . *The.
sy3tem was designed to provide power for operating.rooms, hall lights and two elevators.
There is no emergency power for air condmomng, éven in the operating’ rooms The -

‘\,

. University has no other substontlol emergency ggnerotmg*c\_ggcuty T

) ;2‘.:_ Elecfncol Loods S IR S /é

-

| .-'The hlstorlcol ond prolec.ted electrlcoi Ioods for the Umversnty are pi'esented in

- Figure IV-1. As is shown,. there: has been a significant historical annual increase in
'demand ond consumption. The observed decrease in growth of both the peak and the
average loads is atrributed to energy conservation measures. The peak purchased ,.

‘electrical demand for 1975 was 24,300 kW. Further reductions- in load by conserva-

tion measures are not anticipated without implementation of a retrofit program or a

load: ‘management system The projected demands on consumphon have beea made ‘on-the -
- bosus -of previous utility expons:on studies, - plonned buming programs and consuhohon o/

with plont personnel.. o 4 / K
The hourly load cqrvés in Flgure V-2 indicate thot the kilowatt demand durung eoch _ |
‘season peaks belv e hours-of 1:00 p.m. and.3:00.p.m. Figure IV-3 gives the
daily electrical ¢ ion profile at'the Unwersul'y for T975." The proftle is rela-
tively umform dunng,eoch season. As mdtcoted in F‘gure IV-2, there is a significantly
. N T ’ .. . . - ) -
> g N v-1. SR S
- \ - . : o , - o .
/ <




-
-

"\ ELECTRICAL LOAD, 1000 kW . +/-

LW

- —
o
- a
—
.':‘

HISTORICAL AND ROJCTED

- ELECTRICAL LOAD

UNIVERSITY CF, FLORIDA

N

< PEAK LOAD

\ o
..

& 5% GROWTH RATE

..,a-".-‘ '\_
PROJECTED LOAD ;.

5% GROWTH RATE |

L .'_A‘ )

o pm—eeO—e HISTORICAL
. "‘,"‘"f"'f' PRO.!ECTED ,

1970 1971 1972 1973 1974 1975 'I

FIGURE IV-]

1977 1978 1979 1980 1981 1982 1

" A

S ”.
v.-—!’!:- :

»
»

e

".'. .



ELECTRICAL DEMAND -10° kw

GROSS KILOWATTS = PEAK DAY

\ . . . ‘. ‘
e/ N
109 CSRING . S - .

g - : ~— ~
7 \\\‘ = — ' -’/.? .,—-".'.'——.—-’__ '/‘—-\- . R
- - ./ Wb .\

L Fl_G,URE'lv‘-z___

25

-

| i / . :
i * W|NTER ’ : 'w am—— .
7 N— MINIMUM FORTHE YEAR — - - =

, 04— v . : — — . : . -
2 .2 4 6 8 . 10 12_,A2j_ 4 6 g8 . 10 12-
M | . . s NT . - M
L 'HOURS OF THE DAY -
~ HOURLY LOAR, CURVES DURING THE PEAK ELECTRIC ™ )
* LOAB DAY OF WINTER, SPRING, SUMMER AND FALL QF 1975 ) .
LEGEND: | o | ' o
o SUMMER, MAXIMUM ELECTRICAL LOAD DAY, SEPTEMBER
— FALL, MAXIMUM "ELECTRICAL LOAD DAY, OCTOBER = >
—_ —~  WINTER, MAXIMUM ELECTRICAL LOAD DAY, MARGH :
——————— SPRING, MAXIMUM ELECTRICAL LOAD DAY, JUNE
p— MINIMUM FOR THE YEAR, DECEMBER .
» }!C} )



8 s

F 3

-
~
~_f

ELECTRICAL CONSUMPTION -10% kwh/DaY
s

o

. ~ .
.‘: \.— . ~
) Y \
. ' -
= ' f
. L]
\d . -‘ .
o '
' ’
2 .
101 o !
o
rl
T T —
Ry y
by "
.2
/ N R g.\‘ -

"y

™~

35 .
30
>,
( .
‘sz.s
‘09;‘ 2.0
2z .
o] . ) R
L)
Z 1,04 v ) &
0, ’ t
)
3
o ¥ . . '_ S . | ‘ _.
ST & AR AR MAY. U NE Y. AG v s od NGV DEC
o . DAILYPEAXLOAD DURING 195 . ' ;
i .- UNIVERSITY OF FLORIDA GAINESVILLE, FLORIDA .
~ | FIGURE V-3 o .
! - _‘. A\ _ i N
: _ ‘ . ’ ) « '.‘ o '/ .



lower average electrical load during the winter. As is discussed under_the chilled

. water section, fhis lower load is probsbly due to the lower air conditioning re~ -
quirements during the winter. The ! duration chart shown in Figure IV-4 indi-
cates that the electric demand is above 10,000 kW for 7,200 hours of the year,
and above 16,000 kW for less thcn'!,600 hours of the year. = - . . -

-

3.. Cost of EIectricil'y |

ER : . .

o

. The existing contract between Florida Power Corporatibn‘,and the University of' -

Florida (Exhibit 1) outlines the electrical demand chorge, average electrical cost
and the fuel adjustment charges. Electrical power costs, including fuel adjustments
-and- demand charges to the.University, now average $0:0263-per kilowatt hour.

Operation and maintenance costs for the electrical distribution system were $162,000

during the 1975/76 seaion. - R )
5. stEAM L IR

1. *  Steam Generation -

.- Stearn generation was- originally at-Heating Plant No. 1, Tocated behind Weil Hall.
The plant was first installed as'a coal-firéd operation but was. later converted to an
oil/gas—fired system when these fuels became readily available. Becduse of equip~"
ment age and economic consideration, the steam generation facilities at Heatihg

_““Plant No. 1 have been retired. Steam is now produced at Heating Plant No..2and  *'_
distributed through a system of -undergrotnd mains and branches to the campus build- .~
_ings. .Some buildings that are remote from the central campus have local heating

- ‘unifs. ' ' B : T : '

¥ 'Q\.' O -

Qe "..'Heaﬁn&‘P_lcmt No. -l \ o e " o

d . -+ -

This plant now operates as a pressure redicing -and steam distribution center with .
_ Heagting Plent N'ge 2 supplying the steam., Various inter-building steam supply .
. systems are’fed from Heating Plant-No. 1. The plant also serves as a collection”
center for condensate from the older section of the campus. . . '

b. Heaﬁr'ﬁ'l’l’ant-No. 2
. "He'aijing' Plant No. 2 was placed in operation in 1957 dnd_in;iﬁalrl‘y ;ewed3ad isolated -
steam-distribution system.. Low pressure interconnections werg later 'made allowing

Tﬁﬁited,interc_hange between Heating Plant No. 2 gnd He’ah'rfg Pléx__nt _NQ: 1. "
A 12 inch,'.-Z.‘;O psig steam Eedée_r was instcillé,:d to interconnect the two plants in - . :

-1967. The plant, whose steam genesating equipment is listed in Table IV-1, now -
' generates-all the steam used on campus.. - . o o ' L
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" e 2 Sl'eam Dlsl'nbuhon

- Present gross installed generating capacity is. 290,000 pounds per hour. This.copa~ . =

-cnl'y will increase to 410,000 pounds per hour when the’ 120,000 gwnds per hour T
-~ boi ler, preﬁently,,under conslruchon, goes into operahon in 1977. | :

LS
N \

i Steam from Heahng Planf No. 2is supplled o Heahng Plant No: 1 at 250, psig

pressure. . At Heating Plant No. 1, the pressure is reduced to 60 psig and then dls-'--' o
tributed to the campus.. The.1,000 kW steam turbine af Heating Plont Now. 2.éx~"- -,
hausts into the distribution systern at 60 psig. The distribution system mcluas L

| approxlmately 20 miles of underg'aund steam and.condensate lines. At the buuldmgs,

. the pressure is reduced to 15 psig and passed through heat ‘exchangers fo produce Tow

temperature hoWatet: for mtra-lw:ldmg space heahng. The central. heating plant is

estimated to service 7,6 million'square feet of space. Some interconnection’ and -
, loopmg of the 60 psng dtslnbuhon system has been msfalled o

The. condensate "ﬁ'om most of the northern part and some of the northeastem part of
" the campus drams’ fo ol lechng fanks inside ljeahng Planr No. 1. This condensate

s pumped to a starage tank’ and then Flows by gravnfy to Heating Plant No. 2. i

Al

3. Steam Cansumphon and Demand 4 L \ . ,_

Steam demand has been i mcreasmg steadl ly as ewdenced by the rise in cansumphon

- from 305+ million pounds. in 1958 to 984 milkion pounds in'1975. "Péak steam demand .
Cin l974{75 was 152,000 pounds per-hour. F:gure 'IV-3 shows the daily steam con'- s
-.* sumption during 1975 w:th the peak. day consumphan for each seiason. |denl;lﬁed
- The-relatively flat prof'le suggests that the steam demand ‘and’ consumption are- uni~ .
(*." form throughout the year:. The' hourly steem lh\ad curves in Figure IV-5 also mdlcdfe

TR that steam demand for a glven day for each season is. relahvely constant ?0 -

li,The sfeam load dura’non curve gsven in Flgure v4 shows that for less than 10 per- -
~ cent of the time, the steam load is g'ealer than 125, 000 pounds per hour. The curve

- also shows that for more than 90 percent of the hme the steam load 's greai'er than
| 90000poundsperhour. e

. _F:gure lV-6 shcws the hlsfoncal and pr0|ected steam requnrements of fhe Umversnly
" "of Florida combined Heating Plants No. 1 and:No. 2. A general upward trerid in

consumption - has been expgnenced wijh some reduchons due tmenergy conservation -
measures which were instituted. - Stedm consumption is expected to i increase w;th the ;

o planned renovation and replacementlof Umversnty fac:lmes. e

.:Kc

- Hnstorlcal peck steam demands are avallable for. only the lasf foior years. -Recor ds,.- ‘ o

for the years 1970 and‘earlier are not available., - However, pedks:for the years .

= ] 958 throughl'l964 were avallable in"q previous uhlsty report. Peaks for fhe yecrs | ) ot 3
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1965 fhrough 1970 have been estimated from generahon totals usmg load factors,

~ the average dnnual ratio of generation rate fo the peak generation rate; starting in-
- 1965 with 51 percent and increasing'2. perceni' per year. Pﬁr lntereshng cha’acfens-
 tic-of the. hrsforlpal steam load characteristics is the increase in load factars from
25 percenf in 1958 to the presenf 65 percenf.

4 CosfofSi'eam | o R

The cosi' of fuel far steam generohon in 1975/76 was $970 000 whrle mamfenance
costs for the steam dlstrlbuﬂon system in 1975/76 were $100,000. In addition,
there i is an on~going maintefiance and replacement program for steam and condensafe
piping. The 1973 Umversnfy of Florida uhllfy study recommends replacement of

« 10,000 feet of piping.in two increments. "A design service life of 30 years for
field erected boilers suggests that replacemenf of boilers Nos. 1 and 2 will be re-
quired ip 1987. A design service life of 25 years for package boilers suggests
that bo’ll.ers Nos. 3 and 4 will require replacement in 1992 and 1998 respechvely.
Cosfs for fhese replacements are. mcluded in the Economlc Analysis section.

c f‘ CHILLED WATER - )

Py

l Coolt _g System

The pallcy since. 1956 has been t mcorporate air condlhomng into | new clasrooms
and office buildings. ‘Conversion of older facilities began in 1958 and is continuing.

As shown in Table IV~2; central chilled water production is provided by one 2,400

_ ton steam driven centnfugal chlller, fwo 1,750 ton steam driven centrifugal chillers

-and two 400 ton electric driven centnfugals. These chillers are located at the’

" Walker Hall Chiller Plant ord Heating Plant No. 2. Two 1, 200 ton electric driven

chillers are presently being installed at Heating Plant No. 2 to replace fhree 700
 ton steam jet refngeraﬂon umts whnch have been rehred. .

As a resulf of a recent cenh'al cur condffgonmg feaslbrlnry study, the Uruversny l'ns |
begun dten year program to increase the present combined central chilled water

~ generation cdpacity of 16,000 tons.: This capacity will supply new bunldmg loads .
that are planned for that period. - The future plans include the addition of d third

‘central chiller plant located at the site of Heating Plant No. 1'in 1977. While the

refrigeration.machines presently being installed or scheduled for installation are
electric driven centrifugals, future rnsfallahon could be absoqphan challers |f they

wére prpven to be advanfageous. R T .

‘ 2 Chllled Wai'er Drsinbuhon

. ustmg cenfral dlstnbuhon :ﬂ}ms ong:nate from two locahans, Heahng Plant - 6/ é'.,
=) and the Walker Hall Chull lant. | They are all underg'aund two plpe e e
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TABLE IV-2

EXISTI‘JG CHILLER EQUIPMENT
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. sy _and they were originally designed to afford sufficient pressure in the distri-
bﬁ?%@pdmping ss;i’tem. to prc»(ige chilled water flow inside connected buildings
‘without bujlding pumps. However, at lecst w8 buildings connected to these exist-

- ing sysfen\;#vé building pumps installed as a result of problems experienced within
~ the distribufion loop. ! Adﬂitiohu{ﬂ?ﬂed water lines are to be installed_as the cen-
ak

. tralization-of the chiller. plant takes place and the refrigeration machines are in= 2

stalled. .
3. . Coolingloads . = s
Present air conditioned space is estimated to cover 6.1 rhilv'libn square feet. Most of
this oad is not connected to the central chilled water systems but is.serviced by - B

unitary building systems. Metering has only recently been installed to record the
chilled water- production at Heating Plant No. 2. "Cooling 'loads supplied by + .
Heating Plant No. 2, & shown in Table V-3, have been estimated on the basis of
assumed equipment utilization factors and available electrical meter readings at the

* Walker Hall Chiller Plant. . .- o e o

‘4. . -Cost of Chilled Water .
A\;ailable plant records do not distinguish between steam used to generate chilled -

‘water and that used for heating purpeses. Both heating and cooling occur through=

-out the year. The cost of fuel for steam generation is given in the discussion on

- steam which appears earlier in this report. o - o -

* The operation and maintenance expenses for ‘the steam disfribution system in 1975/76

were $88,000. An increase in the cost of operating and maintaining the systemcan .

" be expected as new buildings are connected to the system. - oy o
Y 2 e '

D.  THERMAL/ELECTRIC LOADS -

The monthly electrical and sfe;:m' loc;ds are givéﬁ in Tdb‘le_ IV-3. The electrical |
loads include both the purchased power and dan average production of 700 kW by the
_'gxisfing'],OQO kW pressure furbine;\,_'-_ : ' e

7 Metering devices have only recently been installed to distinguish the use of steam
for distribution for heating and chilled water production by the steam turbine driven

- -centrifugal chillers.  An estimate of the heating. and cooling provided by Heating

- Plant No. 2 is included-in Table IV-3. T estimate the split in steami use, monthly
- electrical readings for the Walker Hall Chiller Plant were used to estimate. the month~

- ly cooling load profile. The computed steam turbine driven chiller energy require-- -
| m?nfs and the energy requirements foi. the 1,000 kW backpressure steam turbine were’
E l{lC?éfed from the steam energy to’estimate the steam energy distributed to the cam~ -
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A schemahc dlag'cm of the exlshng fhermal dlstnbuhon system is shown in anure IV-7

E. souo WASTE MANAGEMENT

. Presenﬂy the solld waste generai'ed at J'he Umversnfy is i'ransporfed to a samtary .
landfill which is Under the jurisdiction of Alachua County. Figure IV-8 illustrates
the existing solid waste management system. The dependence on this approach fo
- waste management by the University has been largely influenced by- operational

costs and land availability. However, with operational costs-on the increase and ’
~ land: avculabuln‘y no longer a sure commodlfy, clfernufe mefhods for solld wasi'e

.management are being exammed

1. Collechon and stgosal

The: Umvers:fy owns and operafes its.own.collection system. ‘Pickup is on a dculy
basis by three one-man froqf end loader frucks with, two having 31 cubic yards ca~
pacity and one having 25 cubic yard capacity. - Present figures indicate that approx=
“imately 7,000 tons.were collected for the year 1974/75. The waste is compacted -
during the pickup process. No waste segregation is prachced Resource recovery.
. at present is limited to aluminum cans, which are picked up by an aluminum firm
- for. recycling. ' Sanitary landfill accounts for all solid waste disposed by the Uni<
versity with exceptions being dried sludge ; animal waste ' leaves and bushes, and ‘
aluminum cans which are disposed of separately. There is limited incineration at the
Medical. Cenfer and the Animal Husbandry Department. - The Medical Center incin- :
- erator’is &sed to dispose of toxic and pathogenic materials and the Animal Husbandry
Depcrtmenf incinerator is used to dispose of animal carcasses.  The rest of the solid
waste at these locations is collected and compacted for landf:llmg. Dried sludge,

N cmlmal wastes and leaves are used as soil conditioners.
. | . ¥

-—

. | ‘2. 'COSf : - ‘- ' ' |

Sohd waste dlsposcl costs hctve been. i mcreasmg in parf because of fhe increase in:
land value dnd also because of the increase in volume of the waste handled: During
fiscal year 1974/75, the dump fees to dispose of 7,000 tons of solid waste amounted
fo $20 000 Opera’non and maintenance cost durmg fhe same pernod was $47 000

F POTAB%\W\TER e

_ ‘-.The Cxty of Gamesvulle presently prov:des all potable water to fhe Unlversn'y The
" University distributes the water to all on=campus buildings*and maintains ifs own. .
- distribution’ system The distribution system consists of several thousand feet of 6 to .
12 inch mains with average’ pressure in the system ranging from-50 to 80.psi, depend-
on elevation. With water rates scheduled by the city to.rise to 67¢ or more per
EKC
=600 gallons, there is the POSSIblIIfY of the University genergfmg its own potable .

P o o 3
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- water, and studles( 4 )hove been performed that show such an ophon is. feosnble for the
Umverssty - - e e

o Eefdile'vriafer c'bnsumptidn'-,_in 1974/75 was.849wjHion gallons's Current average .t
-daily flow is 8.2 million gallons per day witha pedk demand of 2.9 million gdllons |
- * per day.- The'geck load has been-increasing gradually. It is expected to reach -
\ 5,600 gallons gersminute in 1978 os compor_ed to 4,700 gallons per minute in 1973
} * Between 1978 and 1983 a 4 percent increase is eshmafed with a prqected peck de-
mand in 1983 of 5@00 gallons per mmute .o :

.2  Cost S L I T a0
- .The present rate chcrged by rhe Clty of Gameswlle to ;he Unlverslfy is 31 5¢ per \ o
~ 1,000 gallons. Projected operation and maintenange of the distribution system in
1975/76 wos $7,000,~The cost has not varied significantly inthe past. Anin- . -
creas&in the cost of- oPe\grmg and maintaining the system-can be expected in rela— -

hon to the number of new buildings belng connected to the system. e / e
: _Anew ordmance (2019-0-75-19). adopfed on Februu'y 17 1975 by the Clry of - - .
. Gainesville provided for a new rate structure. This ordinance also establishes .. . ~¢

* additional monthly charges for fire hydronts, front foofage charges and. ldenhhch&
| mfernal connection chm'ges. The effecfef the ardinance will be to increase by

approxn imately 300 percent the water charges the University pays to the Clty of o

.. Gainesville. This prompfed the University into making a study to determine the R

RO feasublhiy of the University of Florida constructing and operating ifs own water: .
... freatment.facility- instead(of purchasing water from the City of Gainesville. . The
study (:3) concludedthat it would be econo'mucally sound for ?he Umvers:ty of.

Florrdo to consh'uﬁn operafe d water treatment fac:hfy

v . .'\,_‘H Vo

G “SECONDARY'WATER: - ~ o b

%on of the Un(versnty of Flonda oceurs: throughout the ye‘ Secondary wafer
pu

‘ from wells, ponds and treated gffluent from the sewage plant is usedfor irri-’
- gation. Pond and well woter are used for cooling tower mokeup. ~

1. , | Demcmd

Alfhough lrngahon is intermittent, there is an ever presenr need forit at the Um- a
- versity. There are no records’ kept on the amount of irrigation water used. The use
~ of well w"d/l'er for irrigation does have a drawback i in that it hes a h%h “sulfur"content, -
EMC The hydrogen sulfide odor (e.g. roﬂen eggs) emmed in areas irrigated with: well o
== water is qunte nohceable. S, 3 , L

‘-
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| The | atuon and mamteno&w cost far :mgatlon in 1975/76 was 348 000 An

.. addi jonal cost of $27 300 f

atenng flowers, trees ‘and other plants was mcurred

> ) “as ) . . . Y .

'.

Sewage Treatment Facrl'rtles e T a

The Umversrty has ifs’ own sewage treatment plant whxch is located in the central

utility area.  lts facilities consist of a contact stab:llzatlon plant which was ex-

3. Waste Water Usage - , '__'\_-:. o

4. Dnscharge Regulatlons

- panded in’ 1467/68 and q trickling filter pljant which was placed in full operation: in -
1948, The.plont has undergone: considerable upg'adlng in size and quality since be- +- -

coming operatlonal 1 has also been used for experiments arid research by the Um- L
versuty of Flonda Envuronmental Englneermg Department e Ry
The present average da:ly flow to lhe 'l"QCtlll'y is.2. 3f-rm|ll19n gallons per day with .
fnaximum: intermittent. flows of 196 percent of average.. The present design c6pac:ty

of 3. l mllhon gallons per doy |s nof expected to be reached until the mid, 1980 s.

,

B 2 Sludge Collectlon -; B q'__ _' T . _' v

;:Sludge from the dlgestmg tanks is dlscharged into 13,275 square feet of sludge sand

drying beds. ‘When.dry, the sludge is loaded on trucks-and transferred toa storage ‘.

" sife to be used as.a soil conditioner for landscaprng pusposes. on Umversrty grounds.’

Drighi sludge removal from the drying beds is on' a weekly basiss® An annual. volume
of 420 cublc yards of l’l'llS materlal is. removed from the drymg .beds BN

C .

£ 0

i “.Most of the waste. walﬁ (treated effluent) leavmg the treatment fGCllll’y eventually

dischanges into Lake Aliae. About 5° to é percent (37. million gallons per year) of " “ o

treated effluent is used for wr:gatlion purposes as is shown in F:gure V=9. e

>

) %a ‘_. .,

. The treatment faci lﬂ'y currently meets all federa| and state discharge regulahons

Construction improvements are presently bemg made to ensure high performance ,{_ -
levels through the next decade.. ~ _ . - . ,, |
A reglonal \llgste water freatment facullty, l.ake Kanapaha Sewage Treatment Plant,
EKCN under construction. And, the Florida Department of -Pollution Confrol has -~ -

) .led the Umverslty that provrslbns should be made to connect to the regional " _5 4
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T waste water system when this facﬂlty becomes avalloble. Alternates to consj'ructlng |

fhe costly mterconnechon are under sl’udy. T IR

’ : « 4 .

The Envuronmenfal Protechon Agency lssvﬁs- Nahonol PoHuhon Discharge Ellmmahon
- System (INPDES) permits to facilities ig conformance with applicable and approved
.Section 201 and 208 (of the Federal Water Pollytion Control Ac&(FWPCA)) area- -
wide plans. The. Alachua County 208 plan is presently being developed and the role
_of the University sewage treatment facility in this plan has not been determined.
~ Treated waste water discharge to Lake Alice coulld possible be limited or demed to .

' allcw Loke Alice to rp\eef water quahfy star;dards as a recelvmg water body

5, gerahonal Costs “'- S -

Fl

?

The cost of processing raw sewoge Jo .the point where if is dnscharged intor Lake Alice
is about $0.24 per thousand gallons. In. 1974/75, the cosfof freatmg all the dns—'
: charged sewage was $l32 660, éxcludmg dlSPOSOI costs..
Dned sludge is collected using ﬂ'le samie. equnpment and. personnel used- for col Iechon .
and' disposal of solid waste and none of the cost of sludge disposal is includéd in the, |
~ total solid waste cost. Operation and maintenance: expenses for plant and lift sta=

tions amounted to $53,000. Nc significart i increases are expected in the opera‘h on.

and mqmi'enance of/eflant. ' S o / B -
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v. ENERGY AVAILA.BILITY AND PRICE e
Thls country isina perlod whlch is unique in its hlstory wuth reg&td to ovculabul- ,
.ity and price of energy. - .The Arab oil embargo came at a'time wheh domeéstic
‘ reserves were._ dummshmg. The quodl:uplmg of oul prlces that resulted has placed

greater demonds on gas and coal. I /’\'\ _

>

Only through federal regulation hos the prlce of mterstate gas remamed relatively
low. However, the increased demand for gas- brought about by theprice escalations
and the shortages of oil, has resvitéd in significant curtailments in gas delivery _ -

over a mo|or portion of thls country. It seems likely that future federal legislation

~ will result in deregulation of the prlce of -natugal gat, allowing the Btu-equnvolent '

prlce of gos to reach Ievels equal to greoter thanh thot of oul
~ /

Naturol gas also plays an- lmportont role asa chemncal feedstock In fact, ‘there .

is a strong possibility that the use of natural ‘gas for oonvehtlonol boiter combus—-
tion will be greotly restrleted bécause of-its mportonce in other apphcatlons t'or )
whnch there is no proct:col substntute. = '
Unlike. gos or oil, there are no prlcmg regulotlons on coal: lis price has ﬂ'uctli"-
ated with the sugply and. defncnd -of the market place, with the result that coal
pnces ‘have increased dramotlcally in recent yearsa Even 50, the th-equ:valence

prlce 3 ooal is expected to remom less thon that of fuel o:l s ] __._,-'-; .-.;- s

-4,‘\ -¢-

The rehob:laty of purchased electrlc powe; must also be token :nto conslderat*on m
plonmng for futore utitity needs.  ‘Industry and gover,nmerlt studies such as fthat '

L reported by Technical. Advisory. Co?nmlttegfor the National Rel iability’ Counml@
< . in 1975 are showing that many areas of the: country can éxpect mgmfrcont black-."
© - "ouf and brownouts' durmg the 1980's, due primarily to- curtailment in.the construc~",

tion of new generatmg “facilities that took place subsequent to the. Arab Oil embargo.

- (%3

In summary, there is tremehdous specu,-latlon as far as the’ prlce ‘and ovallabllltyof any
. one fuel. The following discussion is an ottempt to ploce in' perspective a number of

" factors that are expected to affect the future fuel ‘Bicture. : One natural conclusion’

“is that if a facility is equipped to burn any of the three fuels, oil, natural gas, or
coal, then there will exist the highest probability of fuel availability and at th& fowest

g relqtn?e cost. Thls Iater conslderotlon played a major role in the ossessment of design

o alternuhves -_

| A ELECTR!CITY

-3

MY . . - . - . ) . . ) ) ) .

—Florida from two feeder lines. At present,. Florida Power Corpo aQon is.experiencing

; a negative 8.9 percent reserve capacity. The Florida power. distribution network

-.covers th:s det"cnt. Although thls could potentmlly pose.a problem w-th regard

R - - V-l . . - j
- ! . . . - LB L] . - B B P /
‘ . ) . LT . ) . - i . -
) v -
o

: Purchosed electrlcnty is supplied by Flonda Power Corporatlon to the Umversxty of

&
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to reliability of electric service, Florida Power Corporation is'scheduled to bring

on line the 825 megawatt Crystal River Nuclear Plant in the spring of 1977, and
this should resolve their reserve problems for the foreseeable future. '

B.° NATURAL GAS

A review of the history of natural gas supply shows that the popularity and thus = o
the demand for natural gas has steadily increased because of its low cost,. clean -
burning properties, and until recently, availability. .As shown by the production -
rate on Figure V-1, gas consumption grew at a 6.5 percent average annual rate
. in the 1950's and 1960's. - Natural gas production peaked in 1973 at 22.5 Tcf-
- (trillion cubic feet) and declined (approximately 6 percent) to 21.2 Tef in 1974 -
. for the first'time in history. Reserve additions have failed to equal or exceed pro-
duction for the seventh straight year: - The only significant mdjor reserve addition
v inrecent years has been the Alaskan reserves of 26 Tcf, which was added in' 1970.
Lo T R TR e TR resss o1 20 Tehy which wes added In 1T @
'With_the pattern of natural gas demand exceeding supply expected to continue on
~the national scale, many’gas compariies have found it necessary to deny gas ser-
vice fo some existing customers.. Interrupted natural gas service has become a
reality at the University of Florida, .while the suppliers projected 40 full'days of =
~7  curtailment during the 1975/76 heating season, the actual curtdilment was 89 full’
 ~ days. Thesituation is hot.éxPe'c:tec_'l'fo,imp;ove - Curtailments projected.for next
.. .. year have more than doubled over the projecticns for the past year.. Af a national
.. - level, the Federal Power Commission (FPC) has. promulgated a uniform, nine-tier - -
- - curtailment priority schedyle (FPC Order 467B) based on'the end use of the gas and
~ 'size of the customer. This Schedule is,included as Exhibit 11 Worthy of note is-
that under the schedule, the University of Florida falls in the second lowest priority
category. . = N | e |

Tofurther complicate this worsening situation, the FPC, in what is considered a-
) “Iqhdmark_fﬂéciiiop, has increased the price of new gas 173 percent from its current
" '52'cenfs per mcf ceiling to $1.42 per mcf. The price hike which affects new. =~ 7
- natural gas dadicated _tb-infefsjafe commerce-on or after Janudry, 1975, was also
- accompaniediby a decision to increase the price of .gas dedicated for intersiate
- commerce between January 1, l‘97_3,‘1 and December 31, 1974, to $1.01 per mcf.:
. In addition, the FPC order (Qpinion Number 770): provided. for a one cent per "
~_quarter escalation in price, with the first quarterly increase:schedpled to begin
“on October 1, 1976. The premium natuke-of natural gas. for specialized combus-
tion requirements and as a chemical fee stock seem destined to make natural gas
. extinct for conventional boilers, either by djrectivé.or by price deregulation.

- . . . L0 . - ¢« o
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-  FIGURE V-1 -
U.S. NATURAL GAS RESERVES (Excludmg Alaska)
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C. -  FUEL OlL \

Until the oil imporfS'wer.s_.- é:li‘sn)pf'e'd by the oil eﬁbargo, ‘the Uni’téd States oil con-
sumiption -increased 4 to 5 percent per year. Domesticoil production as such peaked .
in 1970. However, reserves have fallen since 1966; the discovery of the Prudhoe

~+ Bay field in the Alaskan North Slope being the only major exception to this trend.

‘With consumption outstripping domestic production,, the United States was dependent .

- on foreign sources, for 19 percent of its oil supply by 1959. By 1975, this dependence

had grown to approximately 40 percent. -

. L ' . P & ' . -
In a recent report prepared by the Library of Congress, overall energy shortages will

" -"be 9.0 to 9.2 million barrels per day in oil equivalent in 1977; 10 to 10.6 million _
.- Y barrels per day in 1980; and 9.0 to 10 million barrels per day in 1985, assuming on

energy growth rate of 2.8 - 3.1 percent yearly over the next ten years. The Library
of Congress report ‘also noted that "any additional oil imports to' the U. S. will have

- to come from the Eastern Hemisphere, with most of that from the Middle East and
North. African countries* which further increases this country's vutnerability to

future oil shorfcges.;n

Fuel .oil costs incurred by the various consuming entities are highly dependent on
the type of oil used and its source. For instance, No. 6 oil, a residué which is
left after all the light and more profitable cuts have been extracted is sold at the
lowest price.. The Energy and Qil Act of 1975 set a ceiling of $7.66 on domestic
‘erude oil prices, the ‘Act also has provisions for a 10 percent increase annually, -

| " depending upon availability and price.

. year 1974/75, and this figure rose sharply in fiscal year 1975/76 to
. This increase is directly attributable to thejrise in the number of days of interrup-

\

“some ‘10 percent in 1975. . s -

- this past year during natural gas curtailments. .

o - T . . - '- v
Currently, the Uriversity of Florida is paying $10.60 per barrel of re,/sﬁ?dual oil.

It is acknowledged-that this’is a reduction from the 1975 price of $11.30 barrel .
- ‘which just tends to'highlight the unpredictability of oil prices in general. In fact,

it should be noted that the. OPEC cartel did unilaterally increase crude oil prices

The Uﬁi?ersify accrued costs of $411,000 on oil for the hégﬁng plant during fiscal -
00,000.
able_natural gas service. By way of highlighting the impact of gas curtailments on .
the University, an additional daily cost for fuel of $3,100 per day was ‘incurred

-

-
1

The conclusion to be drawn from thesetsomewhat ominous. pred-icfigris is'that while _
oil would appear to be available ‘as a fuel for the University, the price will continue

- _-to be one of the highest of the avdilable fuels, and the supply might well be

- vulnerable to further disruptions as occurred. with the Arab oil embargo of the |

not too distant past. - - a -
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D.  COAL

L Avanlabxllly

rd

-

About 83 percent of the known economlcally recoverable energy reserves in the *
_.nation are in the form of coal, and at current coal prices, the mineable reserves

are enormous. Even though coal is not presently being produced at rates that can

fill the overall energy gap, there is a sufficient supply of both low and hagh sulfur
- coal to{meet thf needs of mstcxllat:ons fhat burn coal. , .

‘ Coal for the UmVerslfy can be supplled From the West Virginia, Alabamd Kenfucky
or Tennessee coal fields. Both Iow as well as hlgh sulfur coals are avcnlable from .

these mines.

L3

2., - Transportation. -

-

The primary transportation systems for coal are by rail, truck, and barge. An evalu=_’

ation of rail transport of coal shows that there are good rail connections to the four
coal producing states considered, and there is an existing rail line running next to -
the University which can be used, Should the railway next to-the University not - -
.be available, the coal could be shipped to Gamesv:lle area by rail and frans-"

| 'ported fo the campus by truck. - . e

' Truck transportahon is-usually restrlcted to short distances such as berween sforage

site'and power plant or where the coal demand is relcmvely small. This mode of
transportation would not be considered from any of rhe potenhal cocﬂ flelds to
‘Galneswlle, Flonda. ‘ ' T e

L

<

- Barge h'aniportat’ on wcs found to be more expensw.e Fhon rail transportahon even = -

. from- the northern Alabama coal fields. The coal first would have to.be, loadedon
ail cars, taken to the nearest barge loading facility, loaded in ‘barges, transported

_to Mobile; Alabama, loaded to ocean going vessels, transported:to Tampa, Florida, .

- unloaded from the vessels into coal rail cars, transported by rail or-from Tampa to
-Gainesville and dumped at the. University storage site. At present, thereis no
barge unloading fac:hty in Tampa for loading directly- to rail.cars. A Fac:hfy '
would have to be builf in Tampa or modifications made ‘to the ex:snng.unloadmg
facility fhat belongs to the Tampa Electric Company subs:dlary company respons:- '
ble for coal hcmdllng, lf barges%re to be uhl.lzed : 3

rd

3. Handllng o "‘: o '-":. SR
Slwhe Uruversﬂy has not utilized coal for mcny yecrs, it is approprlafe to dls-: N
cuss some of the features of coql handl:ng whlch are d:fferent from ofher fuels._ L

‘ -



‘a. | Lo&ding ‘and Unloading

A main slement in coal handling operation .is the rajl car. Loadmg and unloadnng
.can talte place while the cars are continuously moving. However, at the University
of Florida unloading would probably be performed by mechanically opening the car -
doors while the cars are stationary. Weighing will be done at the mines so there
will not be need to install additional track’ scales at Gainesville. Weighing trains
on a spot basis to establlsh qverage weights for b.|ll|ng purposesMnll probably be
‘desirable. - . ,

~— ’ 1)

ﬁb‘.’ ' Storage N S o ,

o~

Storage is divided inig twe types. The first.is live or active storage under cover,
ip which the coal is fed directly to the stoker or pulverlzer hopper.” The second
type is reserve or inactive storage, in'which the coal is stored outdoors. Active -
storage facilities would consist of an overhead bunker and/or sulo, camplete handling
equipment that would be selF—cIeanmg and designed for’ recyching coal that stands
for more than a month. Indoor storage would have a five capacity of at least 30 to
72 hours to cover weekends. An outdoor site. for locating a storage pile should be
raised above the surrounding area, well drained, clean and solid. ~ Coals must be
_compacted to reduce oxidation and deferlorahon in heahng value. Onsite storage

“ is recommended at the. Uruversvfy becouse |t is>cheaper and because room is avail-
able for such ostorage. o : \ e

Af fhe Umversuty, approxlmcfely 50, 000 tons wnll be required annually, or dan
- “'average fuel consumprron is 200 T/day. An inactive sforage havnng ®0 dcys
' reserve capacity is recommended e - R

c. : _Conveydnce* L

The conveyance. of coal from fruck railroad cdr or sfockp:le to the stoker or .
pulverlzer hopper_involves.a considerable quantity ‘and variety of-equipment.’
Coal usuglly flows by gravity from thé truck or railrcad car or is pushed by a
bquoZer from the stockpile to a hopper and falls on an apron feeder, bar feeder =
- or reciprocating feeder that moves if ta = crusher. _ It 's then dlscharged to the
boot of the coal elevator. The crushe: ray also e bypassed”and the- coal. fed
directly to the elevator boot. Th: elevcior, by -nears of buckets on an endless
chain, lifts the coal to it high-s: elevation and spiiis it into a silo. The coal,
after reaching the top of the elevator, could also be divertedd to a movable chufe
‘that by gravity would place the coal in the outdoor stockplle. From the live-
sforage section, it is chuted to a weigh larry, stoke- hopper bucket carrier, screw

_ conveyor or belt conveyor for distributing along the length of the bunker. gates

. in the bottom' of the bunker-allows coal to be fed by gravity to a weigh larry,
‘where it would be werghed and deposited ‘in the burner hopper or through closed

g chufes w:fh weaghmg devn ces'to fhe stoker or pulverzzer hoppers. .- :
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4, Price

Coal prices reflected the state the 1973-75 period.. Starting at -
‘the end of 1973, coal prices began to rise.  Spot prices reached record levels in
: November 1974, during the UMW work stoppage. Long-term contract prices were”
~"also negotiated (and renegotiated) at higher levels due to the tightness of the
" market and cost increases associated with inflation. Starting at the beginning of
1975, spot prices began to drop until they almost reached average long-term
“contract levels during the summer, where they remained for the rest of the year. .
This drop reflects the easing of the market during 1975 a0

Thcf coal prices uncreosed at the same time as oil prices during. 1974 led some\é
analysts to conclude that coal would be priced at the Btu-equivalent of oil,. wit
an adjustment for pollution control costs. However, this conclusion was inconsis~

" tent with the observafions that coal reserves are vast and the industry is’ composed
of ,enough firms. that market forces will push |ong-term prices to a level reflecting
costs plus a fair return on capital; and-that even-in ‘the short-run (when coal supply
is constrained by the time it takes to open new mmes), not enough energy consumers
have the ccpccny to burn coal to bid spot pruces up to the Bru-equwalent price
of oil. R , .
These observafions are cons:sfent wnfh ccfucl price beRavior. Long~term contract
prices were bid up to levels reflecting mining cost with a fair retuin. Averdge
. contract prices include contracts that were negotiated several years ago and are
probably lower than the average of contracts signed in-the last year. However,

‘ there are no mdlccmons that new contracts are being srgned at a Bfu—equnvalence
”wnfh oil. Spot prices were bid up to levels in excess of long-term contract prices,
" but never to the Btu-equwcxlenf of oil. -Most significantly, these spot prices fell
as the coal market loosened in 1975, an ‘event totally mcons:stent with the argu- ..
.ment that coal. wull be. priced equivalent to o:l . .

- + P . v . . .

the price of low sulfur, coal de]wered fo fhe Umversury of Florida from West X
Vlrglnlc was estimated at-$30 to $40. per ton based on dlscussmns w:th rail -
trcnsportchon personnel and coal brokers. o - :

T
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SR . R CONVENTIONAL SYSTEM CONCEPTUAL DESlGNS  . e

To establish the overall potentlal for lmplemenhng an, lUS at the Umversnty of

Flonda, comparisons are made between the operahons -of the existing utility systems,
which are termed baseline, and the Us approach to supplying the utility services.

The configuration and load’ ‘demands of the’ typical conventional system are established

- from-areview of existing operations. The.comparable 1US is sized to provnde the i
same services as are provnded by the' exlshng systems. o T
 .The Umverslty of Florlda uhllfy system is fyplcal Of many convenhonal uhhry in-

~ stallations. Like other commumty utility systems, the University of Florida may be .

" forced to use coal as the primary fuel in the future. The possible economic Tmpact D
of converhng to coal is examined in the Iughf df proposed leglslahon. ’

A, BASELINE (EXISTING) SYSTEM S

P PrO|ected Equnpme . | o o : : ) .
- The bOSehrie system agamst whlch desngn alternates are compared is the exlsiimg
system with pro;ected’ replacements and expansions. Continuation of the present .
-~ modes of operation is assumed and the all new hardware is .assumed to be snmllar in
' type and performance to the exnshng system. s I I SN I

; The initial phases of a 10 year uhhfy upgradmg program are presently bemg affected.
The anhcnpated Thajor capxtal expendlfures can be summanzed as follows: e -
' (‘-'i")_'.“‘-‘ Bouler replacemenfs of ]20 000 pounds per. hour steam genercmon - {
"~ ‘capacity-by 1986 and an additional }207000 ‘pounds per hoi;r steam e
generah?\ capacity by 'I99'| : Tl

. s
L

2 . Steam detnbuhon line replacement.

(3) Chilled water generahon capac:fy expansnon.
‘ o .

) Central chilled wafer dlstnbuhon system.

.(B) Sewoge conne_chop to _regnonal treatment system.
” ?6)  Replacement and renovation &f buildings.
VI




LA

"It should be noted that in the. cost cdmbar’_i_éon; between the baseline and IUS alter- .
.natives only the cost for replacemént of the ‘boilers is shown. The items in (2) through:
(6) would occur in any case as part of the on-going maintenance program*at the Uni-

-

- versity. ' - -

e

- 2. Equipment Loading Schedules

The equipment loading schedule can.subs,taﬁc}:lly_effect the electrical and steam
_requirements and, hence, the performance of .a utility system. In'the analysis. of the.
existing system and each of the alternates, an equipment loading schedule was chosen
which \'fv?f:onsidered_ to provide the best performance for the mix of equipmerit avail-
able for the given alternatives. The analysis of the performance of a system involves
an hour by hour evaluatian of the interactions of the various system components. ‘No )
- aftempt was made to optimize the hourly loading schedules. = - - ' o IR

In the analysis of thee)cf_sfigskysterﬁ;, existing and anticipated electric -motor driven
- chillers were base loaded, W#h the’ existing steam turbine driven centrifugal chillers
- .providing peaking. This. appears to provide the best economical operation of the’.
.. gxisting conventional system and is consistent with the anticipated University prac-
. . tice. o L - : ‘ oo
_ . In_the 1US alternates,  the proposed absorption chillers.and existing steam turbine
driven chilfers were base loaded, with the existing electric motor driven centrifu-
gal chillers’providing peaking. o _ ,

. 2

3. Performance o I

<~ The performance of the existing utility system and ‘pr.oi_ecfed requirements have been
given in the previous section. For comparison of alternate design options, the system
. requirements for the first year of operation (1981) of the proposed IUS have been made
- for all systems.” These projected requirements have been surrharized in Table VII-1 = -

~of the next section. - - - T

'B.  .COAL FIRED CONVENTIONAL SYSTEM
Y. . Ratianale - . R e . .

.~ A conventional-alternative to the existing operations is the replacement of the pre—
~sent gas/oil fired boilers with coal/oil/gas fired bsilers. Coal supply sources are
*available to the University of Florida at-an energy cost which is highly favorable

when compared to oil.. Furthermore, there is legislation under consideration which, -
if enacted, would require that new and, to the extent practicable, existing -major , a
boilers which utilize fossil fuels be capable of uti #ing coal as their primary energy
fuel. - ' "y B

[




Smce,ﬂ':e existing gas/anl fnred boilegsd cannot be prachcally converted to burn caal
* iFis assumed that coal fired boilers will be installed as replacements. The boi lers
will have a steam generating’ capacnfy of 240, 000 pounds per hour at the present -
operating conditions of 265 psia and 500° F final temperature. Existing boilers
would be mamtamed for standby operahon and future peakmg requnrements. |
: For ease of comparison to the proposed 1US a1ternat|ves, it’is assumed that the new
coal. fired boilers would” be operahonal in 1981.7 The bonlers being replaced will be
rehred’early. v o

3

Performance

3
.

The new borlers would mclude economlzers and air preheatefs ‘os heat recovery equip~-

ment and, hence, are grificipated to have an average: thermal efficiency of 84 per-
cent. This.compares tb the 80- percent’ !fﬂcuency whlch has been assumed for.the

~ existing boilers withodt heat recovery devices.: The ma|ar difference between the .
ba&lme system and the codl fired conventional system yill be the increased opera=
_ tion and maintenance costs and the decreased fuel costse” The econaqlc analysis for

this. case is provided in Section VIll. ’
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Vi, INTEGRATED ur/ LiTY SYSTE'M? CONCEPTUAL DESIGNS

AL POTENTIAL AB(’ANTAGES OF AN IUS APPLICATION

- ) ib' . -. N

9. i Reduced Costs of Operahon' ) 73 . _
. . ) ) o <« oL "

. The. mversll'y of Flonda, by v:rtue of its size, consumes a s:gmf:ccnf quanhty of
en@y—cnd other resources: through \its utilitysystem each year. Hence, an mcrecse
in the efficiency of utility operations can resylt in a considerable dollar savings.
The reduced energy and operation costs resulting from the utlhzahon of utility sub- L
_sysfems make: the |mpfementat|on of an IUS attractive for the Umvers:ty of Flondcl '

2. " Reduced Energy Requ:remen'rs A

The . |mp|ementat|on of an 1US would reduce efectrlcal pawer purchases and overall —
. eénergy requirements. Existing steam loads at-the University are cdgqucte to perm:t :
- _significant by~product eleétric power generation throughout the year. The flexibility
of a select energy system would: permit conhnued parallel opeha-t\:on w:fh Florida
) Pcwer. Corporcmon. » _' _ Ty

-3-" o Mulh-Fue'! Flred Boﬂers . ..'.__' R T

plant which/is limited to firing oil and gas. e avallabl'llfy of oil eand gas is un- _ '
“certain the unjt cost of each has been increasing drcmahcally in the past few
“years. Avanlcb:l:ty and .economics=suggest that coal is the preferred fuel choice.
: A rail line ex:sfs next. fo fhe Umversn'y and the coal. supply sources aré cvcnlable

- ~

An IUS ::?con be des:gned to fnre cocl ll and gcs, unllke the existing heehng

4. Energy Recovery from Sohd Waoste

H

. u.é _
lncmerohon of the Umversnl'y SOIld waste in incinerators equ:pped thh heat recovery
units would reduce primary fuel consumphon and the volume of refuse transferred to

Iandf:ll for burial. - = | } o

*

‘5. : Reduced Waste‘ Wafer Disch"/éges . ' | ,

Increased use of treated waste water to supplement coohng tower mokeup wat® and
the irrigation requirements to the campus. would provide surface and well water con-
servation and reduce the dnscharge of the sewcge planf effluent to Lake Allce.

. v

é.- = Des:gﬁBosns for Refroflj[and Modnf:cahon o L T

The fundclmental principles on- which the 1US concept is based ﬁe dlrechon to ;
'gstem specnf:cahons which can result in a more efficient overall uhhty operahon. _

Yil-1. ..' .ox
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K . ‘,_‘.‘v-_:: - _ — : . .
. Objectives .- L

:-Conccptua! désigns have been developed with the dbtectives‘ _ ;
 and-projected loads, " (2) ufilizing as much of .the exi;sting/systems as possible, (3)

2. .. Basis .for Comparison = =

. i:hé 1US concepfuol-»desi:gn's--é'hv-is;ibned’ for the Uni(/ersify of Florida will allow in—

cremental additions.to the utility system to realize these increased benefits. While
-the University of Florida already has existing vtility systems that provide the re-., - ',

quired services, there is a continual replacement and modification of utility hard-
ware as the equipmentages-and the system load deriands change, fuel price and
availability- change, and more. stringent environmenta] regulations are premulqated.

~ ) o
' ~ -

B. °  CONCEPTUAL DESIGNS

-

- L 3 v,
- .
‘ - BN

-

W ' ~-
- .-

of (1). meeting exiﬁtihgq T

allowing phased installation with anticipated replacement programs, (4) having.
sufficient flexibility to realize economic and environmental benefits to the fullest

~.

extent. N, .-
. . . . *‘k‘? ‘ ‘. ',
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In this stud , the’ erforrﬁd?i‘c'e‘_- of .-altefnote IUS conceptual d_gfig:ﬁs ‘are compéared
_ Y, he p 1ance- of -alternt P i gns ompared

-against that ghsthe existing utility system for meeting the utility service "r"équfii"erqent;,,\_.”, .

projected fé#f .1981. The heating dénd cooling loads are the same, for all-cases; _how=

“ever, the electrical loads differ because of the alternate met

heating and cooling toads. The life style and operation of the University*were nat -

changed, only the methods of providing utility service.

3. - Pertdgrmance~

ey

- . »

hods used-to satisfy the

e . *v‘ %
< . R
- <

e

z

The -pei'fgﬂ'moh;:e of the COQC‘eSfUO] desién options has been consideréc}hp@hree

subsyst

~

em groups: (1) Thermal Electric: Generating-System, (2) Solid Waste Manage- |

ment-and (3) Water Management-- The conceptual designs anid-systern technical _
perférmance are presented for the various options in the present section. The Eco-
nomic Analysis and Environmental and institutional Factors have beer considered in

later sections. e

The e\)cl_uc-tid;)s qf performance were based on 1US _dbnﬁ.gurgjt

ions in _w'Bich no effort

was made to optimize the utility system through building conservation measures in
large pattern and lifestyle, .although some variations were studies. The study'was - "
~-not intended fo r‘eppres_sent, the most energy efficient application of gn IUS¢ but rather:
% represents an attempt'to achieve’ anieconomical and cost effe

the I,US concept to a :xisting site.” The technologies.used a
commercially ‘availgbfe comporients as of mid<]976.
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egration of utility.systems can embody all’ aspects‘of thegenera;}opz treatment, " . . -

(- distribution, coltection, usage, dnd control function of providing utility sefvices.” = "
~ This stibdy has focused on the integration of the utility genergtion-and.treatmeng. . .. ..
functions for more efficiently providing presentand projected utility services. Mod="" - .
~ifications of the Gtitity distfibution and .control system, which would: increase. the - o
elffe;g:ti'\iéness of an IUS, have been-observed ‘and re commendations for independent

study have been made.. .. .. - . B A

b < Geography T . L e

'Although the extent of geographic concern includedsthe total campus grea, the study = -
“is effectively limited to:those-buildings connected to the central distribution systems. -
Buildings if remote areas have unitary heating and cocling systems ard have not been
- connected .due to the extent of underground distribution piping required.’ The-feasi- . =
bility of extending;the central Sfstribution systems to include these remofe thermal’ 7
" loads for increased '-w'i's.'te' heat Utitization-should be considered in an independent study:

.:5." < ° ' Conservation and Retrofit Integration ~ . | e _ .-

The#€trofit of buildings to affect éonservation measures and the scheduling of occupari
activity patterns can be investigated as possibilities. for altering utility demands to - * - "
" provide.d more optimal integration of subsystems. While there has been no attempt .
- fo include these integrction'-pos'sibﬂit;é)s'v._in"fhis' study, conservation projects that - '
provide reductions in energy consumption fit into the :[US concept and.should be§
- pursued. Afy~reductjon in utility service requirements reduce the eguipment SizL- o
- and .hehé_é’@tdl-?utldyéf an IUS. I R ' A )

C. . ‘.THERMA[/ELECTRIC.GENERATION' SYSTEM =~ ~.

1% Overview LN e e o ﬁ o e L oL
. R = . . “:Ht_‘"f . - . - .- - . . .

_ The-Thermal/Electric Generation System provides the heating\and cooling requirements . . -
“Zand generates.electrigity as a’by~product of meeting these thermal needs. “Alternate =
~ designs have been prgented dnd evajuated for the Thermal/ E!gétric Generation” . ...
System at the University. of Florida.’ ‘Rather than optimize,one system, modifications + -
of the utility system have been explored. L 7 ST

. e -

Q.- - Selection of Systems and Génergrihg,cbrid}ﬁong._ . ' . e R
The conceptual-design examines the.possible modes of combined thgsmal and power - .-
generation. A prime mover is selected on the basis of its flexibility and the = . =~

- _potential. for: infegration:with. the existing system .;;gpgrqr’rin_g“condiﬁ'pns.,fpr_'-the s

_ design dnd pérformance evaluation of the equipment 'éomponents_-%. presented: ® .
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- b, _"'Design‘:Altérnafes o R G S . )

- The qppro’ﬁgh; h&s_‘_been. to examine a basic design which could be e.dsi?ly" interfaceds

‘with and would require a minimum of mod ification of the existing Otility system.
‘Expansion of the basic desigh and modifications of rhe_,exisfing.<sy§fem were then "
examined as. alternates which coéld be programmed for immediate installafion or be'

installed in phdses.® = . ... * o . SRS L
- . - . D . ~ - o o . < e T . ) s
-~ .. T o. P . - - o - - - . ) N ) L o

- c - _. - "esr?ice"p'fudl Désign for Exisfingz'Load Characteristics’ .

- o
-

- £

~ One alternate considers-the possibility of a system which wil > fully 1daded at all -
times but generates only d portion of the present thermal needs. A second alterndate
- is-sized to generate all the fear term thermal "needs of the cdmpus; the éx_éess-stéam_
. .generating capgtity during non-peak thermal loads is used to-generate additional

. electricity. - L i ., L
T Ta . . . . - T . o L

I ade

-
O

d. ° _Concnep'i'ualuDe.s_ign for Modified Lédd thﬁ&ctefisfi—'ﬁ:s" o : _

'The advantages of a dual purpose power plant fo the University of Florida can be
incrased by improving the match of the electrical to process he\'at consumption and .
gensedlion ratios. Since the present University ‘of |Florida*®lectrical to process

‘heat consumption ratio is greater than twice the power to process heat ratio of steam
turbine cycles with the -existing thermal distribution conditions and loads, alternate .
system designs which would modify the electrical to prodess heat consumption ratio
and/or reduce the pressure at which the steam is extracted from the steam turbine- |

have been proposed . - , . e 1
R S S ST |
The power to heat consumptidn ratio can be favorably modified for a total/select .

energy system by the proper selections of ‘chilled water generation equipment in the - .
.anticipated expansion of the cefitral air conditioning system e®nsian. - An alternate

]

~ design is presented l_fo'"f;oi'n'pdra”l'%\perfbwriq;:'cé of absorption ch'}llersiqgaihsf the
" existing plans for electric mgfor driven céntrifugdal chillers.. .. . .- SR

“ ~ ..

.~And, as an alternate to reducing.-the steam distribution supply pressure to affect a.

'__B.e}_f‘é_r; electrical to hect.’*ge\lgg'rqﬂfpn ratio, the conversion of the existing steam
thermal ‘J 88Ut ion system to a low temperature hot water distribution system’is
= consi-d_ere . o -- s u o S 7" : ; S a . .
.‘ ? .S n. ) -
ve . ,Q.- . N - ’ - - A} - - -
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: : - e - .t - ; oA L e T T o
There are*two concepts possible for supplying electrical power to'an 1US facility =~
-total energy and select energy. The h o concepts, as described below, are similar. . .
in that each system meets the necessary thermal requirements of the consumer while
providing ‘a-portion or-all of fhef’ele,cffi_c;l-'dgmands, S T -

. -t e : A o .

e TomlEmergy. . L Ao e
. .The Total . E»n:erg‘y system .allew;)l-;beés'effo operate in’dé;ﬁe_'nd'enﬂy of i"_f';e‘"yloéckx'l. ) )
utility. The Total Energy systém generally h:ds‘s'fahdby'_géne-rdﬁn’g"Aquipmen_f:'avqi'l'_—'
able to provide all necessary power in the event of scheduled or unscheduled shut- -

. " .

. -~ downs of the main generators. S

| b. - ~ ‘Select Energy

-

The Select Energy system provides as much electricity as can be generated under "
given steam demands. Power in excess of thesturbine. generator capacity is pur— .
" chased from the local utility. The Select Energy system does not require full on-
. site Backup. capability, since the local utility would provide necessary paweér-in
" the event-of the system being off-line. Optimization of the turbine generafor - =" -
" performanée can be accomplished by sizing the system such. that for the majority -~
~ of the time ‘the system operates at full design capacity.: = F

" “A Select Energy system is recommended for thie University of Florida because (1) . *
" “sthe Select Energy system can be"designed to provide the most-economical balance
 of ’rtjhe_rmdl'.-gnd- electrical -generation,- (2) a high service. reliability '¢an be provided
__ through pardllel operation with-the present commercial power supplier; the existing
" contract with Florida Powér Corporation allows: paratlel operafion,. (3) the present
.. 'demand charge schedule is such that a significant porfion of the powerfrequirements
* can bé generated on-site without subjecting the University fo excessivedemand -
=~ chapges due to system failure, (4) the Select Energy system provides a_flexible
.destgn whi ch can be i ncrementally modified to megt future operation-requirements
.and économic’conditions (indeed, the Select ‘Energy systerh can be later enlarged
“to a Total Energy system), and (5) the ‘incremental’ installation will allow a’capital
,__';ou,ﬁsdy- flow which can be phased with cvcilé\:?!g’?gﬁﬁﬂ;{in@{&d ‘University needs.”

I

3. ~ Selection of Prifhe Mover T

N A’ number of prime 'r_nbx)ers are available in'__fhé size range required for application - .-
"at the University of Florida. These _ikc!p_de.combusﬁon turbines,. internal combus= -
." . tion recriprocating engines and steam turbines. '
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.at - Combustion Turbines ; L U
U . C - _ SRR e e . -
.| The combustion turbine fx:s". relatively quick’start” capability. - And, when coupled . |
o o, a heat, récovery boilér, @ combustion turbine can easily produce large quantities
" .- of steam. The main drawback of combustion turbines is that they produce large =
' -quantifies of waste heat relative to the amount of electrical generation. ' With the -
- existing electrical /thermal requirements at the University of Florida, a laige por-
- -tion of 'this waste heat would be .ir excess of that required fo satisfy the thermal = - .
" loads and would" have to be exhausted to the atmosphere. _ The fueljrequired by
- combustion turbines is of prérhj_urﬁ‘ quality and relatively expensivel For these

. -reosqins,:gombqsfion turbines were not cons idered as prime movers -for the University -

.. b... Diesel Engines _ B LI R LT
. ) - . . L . e R ' . . el Ry i

Diesel 'enginesh_are_";rgé're efficient in"terms of heat rE:lfé: (Fu'él.ccs_rstméd?pe_r'.Qni.'f of -

. electrical generation) than the: combustion turbine. These machines are easy fo -

" start and .can assume load quickly. Diesel generators are readily available in the -
-~ size range required- for application to.the University of Florida. .-~ * ...

 Employment of ‘heat recovery equipment to. a diesel generator set can raise the
* overall thermal efficiency to 75 percent. 'The. maj ority of the heat is available S
. at.relatively low steam pressures of 15 psig or less\and/or. low ‘water femperatyres-:: .
“of 240°F or less. .Heat may’be recovered af higher te 'pérdfbges1dnd-,t‘_'>'re"s's_ures"- s
- but the decreased quantities available under these corditions-does, nof:mdke this. . -
. mode of operation attractive. o T

- Di_éseffu:e_l ;bz"_ls -‘¢_dﬁ be_'c->l';"_va variety-of grcdeﬁ but fhe_a'vaildbif-f?} and pricés' are " E
-_,subiécf_;to_g nuriber. of. non-~technical conditions. * . B

Y - . . e

_The present. heating system is designed for steam distribution at 75 psia, which-
" effectively rulés out the use of a diesel as the prime mover with the present
heating system. A diesel engine -could be considered as a prime mover. if the
thermal(distribution systenr were’ converted to low temperature hot water.
oo ) o ] e ] ] .

~c©. . Steam Turbines ° s L .

(8

- Steam turbines ‘ate the most versatile of the three prime_mo_v'efs"_ under gbnsid_erafigl:i
fora number..cjaaf(‘reasons. The boilers have the capability of firing a multiplicity ~ -
.- of fuels.which increases the flexibility of the University in seeking the cheapest,
mos dily available fuel. BN R ' " Co
general forms --the backpressuré fypean‘d fhe

Steam turbines are avdilable in two
pressure reducing valve” and

condensing type. The backpressure turbine acts as |
.. ST L V-6 : -
- ) . - _~ o 3 " s ) ” ":”\__ |
. . - . - -. i ) : oo | ,




generafes elecfrrc:ty as.a by-producr of- pressure reduction: ' The backprecsure o~
"turblne geperdtor is d:recrly related to the. thermal demands. A «condensing . B

“turbine’ can Senerate elecfrrc:fy without a rhermal load because: the excess

" steam needed for power generation is passed on-to the condenser and not to. -

_ the steam distribution system. . Extraction ports are genera!ly provnded for the .

regenerative. boiler feedwater. heafmg system. ' These extractions may ako be - et
“sed to provide steam r distribution to meet the: thermal loads. The s;:ecrfred

torbine will be an automatic variable extraction type equipped with'internal

conrrols*fhat allow- the extraction of as: much steam, W|fh|n rhe limits of *ne

Umr, as ,s required to meet the fhermal demands. | ; ' S

"t

. -
LN ""
X

4 Automanc Varrable Exrrachon Steam Turbme Power Plant

-

e el

The propos.ed power plant sysi'em. mcludes a coal fired boiler with coal and ash
hardling facrhhes, automatic variable extrachon non-—condensmg steam furbme
. generator. unit with high, medium,- and low pressure extraction points for the :
| 'sfrpulate steam demands, steam condenser, circulating water system and forced .
" draft cooling tower. Feedwater heating and deaeration are accompllshed by feed- .
wafer heafers Iocafed at fhe steam exrrachon pomfs. ' '

-~ o A
S .

- Normal Operahon will accomplrsh produchon of elecfrrc power srmulfaneousiy

~ with.the extraction of steam required for burldmg heating, hot water supply,
_burldmg cooling.and ‘process requirements.”\On-site electncal power will be - |
‘. gerierated at’13, 400 volts-and transformed’ 23,000 volis. for campus distribution. |
:__':Addmonal power, as. requrred will be P rcha?ed from Flbnda Power Corporahon |
N gnder an existing contract which allows the parallel generation. of power. he

y ,ex:shng boilers in: Heahng Plant No. 2 will be mamtarned and Eerated to provrde
backup and supplemenfal sfeam generation. ’ - ‘

.o '
- .

-' A schemahc d:agram of fhe prOposed 1US fhermal drsfrrbuhon system is shown in.
“Figure VI1-1. The system will require piping from the new facility to'the existing
planf where connections ro the present distribution wrll be made. 1 9 |

P ad .

« ' ) o
« . . . . .

Q.. Energy Balance for Turbi-n_e. Cycles C _‘ | T | A

3

" The rafronale for selection of fhe concepi’ual design equ:prn t and operating con-
ditions are given below, The computations .of the dual purpose plant heat '

%alances were performed on a digital computer and the results: of rhese compufa-—.'

- tions for spec:flc conditions are. glven in Exhrbrf Ifl. | |

A number of assumpflons concerning the expecfed operahon of the steam rurbrne |
i and associated equipment have been made so that the turbine heat balance could
- KC:_lculafed These ossumpllons can béa refined durmg the e neermg design-
' - pAse when the defarled c'haracferrshcs of rhe power plant equipment are beffer 73 )

b
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Fuel chorgeable to power ,generoflon in & dual purpose power- plonf c::n ‘Be as Iow
as 4,500 Btu/kWh when all the heat in steam exhausted cnd/ or exi‘rocfed from-a -
- steam turbine is used for hecmng ond coolmg\Thts power generqh on IS ofi'en o

referred to as by—producf power. el . S
The Umversni'y of Florida' requnres ‘more power fhon can be generofed as a by-proélucf L
" of providing heaflng Jcooling.. Even so, this by-product power can be. supple-- '

o ~ented'with condensing power and/or purchased power ohd\shll use-appreciably
less fuel than:the 11,275 Bfu/kWh of Fiorida Power: Corporchon (FPC) for. genercfmg o

: -rrcmsmrthng power to t’he Umversnty of Flonda., e A o

5 -

. Ry w . _|
.‘\

H:gher ; hof sfeam cond:hons cnd lower process sfeam pressures have the favorable
effect of i mcreasmg ~ste furbme by-product power generah on per pound of process
steam used _ V DR RS .

f.. T
B . — -
Lo .,

: ]) Turblne Jnlef Condmons

e -

T'hereaare fwo olternqhve methods oF selechng f‘he mlef steom condlhons, one. to

; give the: ‘maximum electrical- ourpof and fhe ofher to obfcnn a glven exhousf tem--

percture in the steam. e e e e . s
* The mlef sfeam condlhons can be choseri‘ to give sllghf-ly superheai‘ed sfeom ot fhe o
-pass-out, but this will only occur with one parhculor flow through the high pressure
" portion of the turbine. If fhe’ flow alters, either. due to a change in pass—out demand

- or to a change in condenser:flow, the temperature of . the steam in the pass—out will
vary. It is, therefore, better to desuperheat the-pass-out steom, if necessary, and
set- the inlet steam condliilons from ofher consuderohons. = -
To obfcin fh aximum oui’puf T—Ecm .a given sfeom"quon'ﬁiy, *high inlet pressure and

. temperatures aré xgquired. - |t théd Becomes necessary to cons:der fhe prachcol
llmlfchons on press re ond femperoi’ure. ,' '

~

Hngh tempercfures requnre the use of olloy sfbeks For the bo:ler, high pressure prpe—‘
- work and the high mperature portion of the turbjne. Theé usual limit for carbori
“ste€ls is about 750PF for most parts except those which are highly stressed, such as
the turbine rotor where the temperature at which the maferlt:ls must bre ‘chdnged is
much lower. For temperatures up’ to, obouf 850°F,“carbon, steel contdining 0:5 per-
,cent* molybdenum would be.used for the pnpework turbme ey linder dnd other highly
sfressed ‘parts with a 3 percént chrome/moly. ‘s}eel for the rotor. At higher fempera-"

3p to about $50°F, a1 percent chrome/m Iy steel would be svitable for the
plpework, steel for fhe turbine ccsmgWrcenf chrome/moly/vonadtum

-

Ju
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h "s}éél;;fbr;i'he steam Belf:s' of chrome/) moly/vqhd’diugz-_sféél_ "ti)'hprév'eqf'hi'g?u tempera~- .. Y
T ture sféqnfqom?r@ into contact with the turbine -c'ylipdg'r_'v(hicb_t;qn"fhen be made

P

o _'Qf-dﬁhecpe; material. . S R R ] U ._l'_'

= of feedwater ffeatment fequired. _At pressures. above 600/650 psig,- it becomes

of the ra

. R Al T \ - : Do - -
: . - - o R ’ . - A

C .

THé-l‘_‘mdxir'nOm__ pressure and temperature of the syé_fem will also determine _fhé_fypé' ‘

"+ .necessary to.change from a simple jon exchange system to complete demineraliza-. | ;
. tiop of the feed water. _This increases the runrifngrcests of the feed: water treatz” .|

‘ment plant by about three times,” 'well as the capital. cost: - The advantages to -

. be gained by increasing the pressureZabove this limit depend on'several factors,” .. ..
-the most important being the amount.of makeup required and thé .initial condition ° AT

& “raw makeup water. ._-_'!F»;’c:bi"t!plet,e,vdemjne‘rqlizaﬁon is used, there will be' @ -

T ;'_sm_q.ll‘.'ch"'in_gs:;ﬁ"cjﬁ';:céon‘f_ihri(t:ot)s_\blowd_an’ ‘'of the boiler 'will ,hqr-‘l_a“é._fréqﬁii}éd:'._\‘ R

-3 7 . a2

E are, at the turbine sfop valve: 400 psig, 7500F, 600 psig,; 800°F, 900p519 » ‘9000F;

@ and 1,500 Bsig, ‘950°F. All of thesethave at least 3009F superheat.’ It is’ ngt nec=" |
- essary to follow these steam conditions exactly. . ot T

» .

. Also, %¥he boiler manufatturers have a eries of preferred stéam conditions., These -

e v .o

For this conceptual design, the turbine stop valve:steam éénaifi"‘drjs -\’Nei'g"chcf_s'_én.to, .
be 850 psia and 900°F to obtain_the maximum loutput and:the best hoiler operafing ™~ -
conditions consistentswith the commercial availability of hardware in fhé' size range .-

¥

of the University of Florida IUS. _ : N AP
; . _v' . ) . “ ‘ . . . . - . . - PR - .é, '-.. . :
2.) Extraction Pressure ; L
The electrical power produced per unit of heat extracted from a steam turbine cycle - .

is highly dependent on theapressure at which the steam' is extracted. Figure VII-2 - ) .
shows the power production pressure dependence for the steam power cycle shown in -
Figure VII-7. As lower extraction pressures are chosen, the electrical power pro— " -
" duction increases substantially. This is particularly true in the lower pressure - .
- ranges.” . - : L o
As noted, the-extraction steam pressure and, hence, the supply pressure for distriby=""
tion should be as loW as possible. The immediate implication is that the present 265
psia line to Heating Plant No. 1'must be converted to a lower pressure. . The present
" design includes the installation of an additional steam line in the existing steam -
- tunnel connecting Heating Plant No. 1 and No. 2. P IR
- For the present feasibility study, the steam distribution supply pressure has.been as= " °, °
" sumed to be 75 psia as it now exists. Improved behej!ifs. would aZcrue with a lower~:
ing of the steam distribution pressure. And, the recomméndation is made that tests
~ be performed to determine the minimum acceptable operating supply pressure before

an engineering design is developed. . L :
| T N V4 1 £ Fo T
’ ' - . .\' N -
) 75 .o ]’ T/
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1401]  FIGURE VII-2  POWER TO HEAT GENERATION VERSUS ExTRAﬂQ, .
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o ©3.) ' Feedwater Heating
For steam.turbine plants generating power only, additional stages of feedwater . )
. heating have the favordable effect of decreasing the fuel chargeable-to~power. This
' gain is reaslized because additional by-product power can be generated with steam
'/ﬁr_b’ct_e;i Fr-orﬁ the steam_turbine for the extra feedwater hegting. . And, since all
~ the energy for feedwater heating remains-in the ¢ycle, there are no -energy losses:

" . Boiler stack femperature (losses) can 'be"_l&ept)'l'owfbyjeffec_ﬁve use_ of air heaters wi’th_-'[ -
o Aittle or ﬁodepe_rjrderi_é:“e_.pn low temperature . feedwater to the economizers. - o

" "For dual 'j:iUrpOsé"'pQWeﬁ’_"p”l_cht;"wn'fh_,_.__sfégrﬁ_fbrbi}iés to generate power and.supply pro-
- -cess steam, " the fuel savings due. to feedwater, heating are gteater-than in a utility. .
.. 7.plant generating.power 6nly .. ;-This'i’s}s’é{be&dyp‘éthé-?pdu'ns_:l';&'of boiler feedwater to L
be "hecfgd’:i_-s__dften}\vo or three times the beiler feedwater flow,for a plant generating -
=" power only. In the steant blfmj'f'\)yifh"“crr_ibierif_ qir_fired boi lers, the boflers are equip- "

o’

- ped with air’ heaters so low. témperature water to an ecoffomiZer is nof required to 7 -
. achieve the low sch_kj_t_e_mp_era_fures,'négcié'df_fot;e'_ffi-tc'i'ent'lbbﬂe'i" operation. TR S

- . The number of feedwater ‘Heaféii’_s_fdgés-fcho.s'en‘ for _a_"g_ifye_ﬁ desugn dep@ﬁds;on an'eco-. ‘-
_ nomic balance. ' Large central station cycles may have 6 to 8 stages of feedwater _ -«
heaters; ‘small dual purgose power facilities seldom- have more than 2 or 3-stages of B
 feedwater hedters: = . T ' R RN
"~ Three stages of feedwater heating were chosen ‘for the present system.- Three, extrac-"
tion pressures are already required. to satisfy. the process loads and these same extrac-
tion paints can‘be used to provide steam.fo the feedwater heaters: "' :

a -

4.). Turbine By-paéé o e .7 o L

A pressure reducing valve and desupé_rheatef}prdvide‘d in"parcHél.wi'f_H the steam. .
turbines to provide -process steam when the steam:turbines are.not:in operation. . - -

.C. .. " Automatic Variable Extraction Steam Turbirie - N % S

" - An automatic variable extraction steam turbine is oneg in which steam:is W?fFidr'aw'r,'; -
~ at.one "ﬁg!e'exfrccfion) of_fvv*o,(cfoz_.ubl_e' extracfion) points between the inlet and T
.. exhatist openings at control Igdpressures.” Bleed steam may also beawifhdrcrwp, from )
- - intermediate points withoyt£bntrol of Pr'{_as_su;_e_'_:_ VN e T

PN

[}

- T i e - . ™ - K
.

- .

. As sl;own'm Figure Vll-3‘:',& single é*ég%:'ffoiﬁ torbine can be considered as two tur=, .-
."bines coupled. to @ Common shaft. The first tutbine is the high pressure section, .. -
““while the second turbine is the low. pressure section. The high pressure section ex-—

pands steam from .inlet conditions down-to the extraction.pressure. The fow pressure

section expands s_técﬁ‘rom the extraction pressure down to the exhaust ¢ondition. The . -

s T vz <&
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2o exrrachon valves act ¢ as mlef valves For the fow pressure section and regulafe ﬂo y o
-of-steam through that section, buf not- out of the extraction opening. When the
) exrrachon confrol is<n use,' |I' mamta:ns g constant extraction- pressure and thus
‘ supphes con rcénf mler pressure For fhe low pressure. section.” - SN :
- Extrachon furblnes differ in fwo ma[or reSpecfs From strdight condens:ng or non-
'condensing turbines: (1) Certain areas in the steam pafh are des:gneﬂ’wrfh enlarged
-sections so that large quantifies of steam can be’ extracted for process requirements.
- @2y Adduhona[ ‘control devices and- linkages have been added to mamfam exfraction -
pressure, load “and flow conh'ol auromahcally. - SRR - c
= ST ."v # ‘ . ._" ‘ ', \ -
Flemb:hfy fo. meet varymg 0peraf|ng conduhons is mherenf in an exfrachon fur—
‘bine,. but because of the e multiplicity of apphcahons a thocough knowledge of .
.the present and future requnremenfs of stéam and load is. necessary in order to

derermme fhe besr des:gn For rhe apphcahon; o S .

.-t T

) :d. | Sfeam Generaj-mg Equ:pmenf | ‘- /., e T we

There_ﬁas been llrﬂe sfandard:zahon of complefe umf deslgns fodgual purpose
power plant. appllcahons prnmanfy because* of the distinctive nature of each
_user's conditians. “~The variables dre notsqg much steam capacury, pressure.and
§ temperarure»as ‘the - fypes -of "Fuels fhaf are fired and the vser's plans for utilizing
_?_e_‘- the steam generarmg unit Wlfhln hiy system.: Varlaho f this type require changes . |
L in defOI]- ond overall arrangemenr ‘of components.” ThE§, togethei with ever—chang=’ - .-
" ing cosfs-of - money, Fue! materlals and labor, has mgdte full unit standardlzahon -

|mprachcable o "~

4 T ,
. H -
I\' H

The pnmary Fuel For }ﬁmversn-y of Florlda IUS will'be. céali Varidtions in
relahve Fu,el costs bec of fluctuations,in price and freight rares, seasonal

-~

. variations in a\raulablhfy of‘nafural gas and temporary shortages of coal. and oil -7 .
make it -advantage: not rely on a siggle. fuel. Hence;, the: installed steam - 5 .« -
.’ generation system-4 |ll be: des:gned to: be c&pable ‘of” burning ggs or o;J as :alfevﬁafe- T
~\md»;. it B
= -,\ ; -c_,; e : ‘.,-a__,._ ,-‘,__\:_. P . :

The selechon- of: bouler des:gn depends od rhe ‘type of coal and the steam load 'char-"l e

‘.acteristics. Puhﬁeruzed coal fired ‘and stoker Fured boilers Eanbe’ des:gned to burr-- *

pracflcally any bitumjnows eoal or lignite: mmed in the: Unlfed States .~ A pulv/nzed

' coal system must have ccal prepdration :pmenr mcllzd.mg that requi‘ed-for the _:

_removal of moisfure: A sfoker firéd bgiler can’be designed\for a sized coal’ and-:hus~ " g

' require a mlmmum ‘of coal preparatién equnpmenL ~Pulveri: ed. coal‘furmg sysfe-ms -
_have higher efﬁc:-encues than: stoker firihg sysfems be,cause of lower éxcess air for” ;. -

, ,

- 4 IR - ’ -

combustlon and [é6w car%-lasses. L e P s C D e : w';,-
S—g/ T TS e T T }__.__y_l.__‘-,*'. o '\.1 TR A

- C . .l‘- - s ‘ U

e : .

Elfher pulveruzed coal or sroker fl red bmlers can be 115ed fo generate¥ rhe sfeam A
L T Vll ]4 -
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requnred Yby fhe Umversnfy of Flondcz IUS A stoker fired steam genercmng $ysfem
. ‘'was chosen’ as the basis of the present feasibility study< The trade-off of greater
 “capital costs for pulvenz&coal preparation equipment cgcunsf the lower-eff'c:ency
of a stoker must, however, be evcluafed as pcrf of fhe engmeermg des ign. .
’-The ex:shng bollers i Hecfmg Plant No. 2 will be mmntamed and operafed fo
provice Etckup and supplemenfcl steam generation. ‘In the backup role, the exist-
~ ing boilers will be capable of provndmg the necessary steam to supply the steam
~distribution and turbine chillers but not for electn cal power generation. Gas and -
- oil'will. continue to be the fuels for fhe ex:shng boilers since these bo;lers cannot. '
Be prach cally converted to. Flre coal. A =

‘\“4 < e - -

e p Polluhon Confrol Equrpmenf T TR

PREEXN B " o ‘ (_‘: .". . | ‘:- . - . .-“ - :_ .,-. ~<- Y
]-_) “ Sulfur , S REEECERS » \ -

- v Ry . . . »\
4 > ~—

Sulfur emission 1i
. gpffurvemoval pAits have significanf initial and operahng cosfs. ‘And,’ fhere is
littfle experiedce with such untts. in the boiler size rande being considered at the -
University of Florida. . The boiler design configuration will, however, bée speci- -4_.'
fied to provnde the ccpcb:hfy ‘to add flue gas sulfur removal e%uapmenf cf a lofer

date should such'units become fechmcally and economncclly ctfrachve

.
.

.

< . - . L. .

. 2.) B Particulate

. .

nt- polluhon control requnrements umposea by -
fity has a chouce of two options for confrollmg
rostakic prec:p:fcfors and- baghouse F‘Ifers. :

- P

. . &6 :
In order to meet the rather strin
the Stafe of Florida, the Unive
stack gos.pc.rﬁcle emissions; e_le

L4

A - - e

A number of factors. elnmmcfe fhe’ elecfrosfehc pI'ECIp-!fOfOI' From appl:cahon at .-~
" theé Universi ity. oF Florldc. The electrostatic, precipitator has reduced efficiencies.
“whent low.sulfur -coal is ‘the fuel ~Resistivity of thecodl fly ‘ash is too htgh for.
~ effective: prec:pltator operahorgf High té’mpﬂrafure elecfrostahc prec:pn;ctors
Ioccred prior to the2 nomizer and air preheater sections have been found useful-
Cin applications. us:,ag low sulfur cqal but this.is a. re%;wely new cppibcch and hcs
h:gh Operchon ond mcmtenonce costs dssoqnefed Wifl\it.,., T . .

-’
Y

F i . -

A crghouse frlter hcs been selecfed Jfo provide pcrhcle emxssuon coni'rol for the
Umversnfy of Florida TUs concepfucl desagn.vBcghouse filfers. have husforlcclly
" had lower initial costs-but ‘higher operation  and maintenance costs thah e!lecfrd-
_static filters. The bags are the weakest link in the system.~. However, recent :
"nsfcllahons have mcorporafed desigh changes such as.p vlsed flow- for bag qleqn—“ '
'ing and revised flow patterns which_have greatly exten ?d’ﬁ'Te bag-life and urit -

eFanem: "B.cghouse ﬁltrafron hcs 1y
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its will'be met :mhally by fhe use of low sulfur Fuels. The gas .: .

3 -~ " -_-_'-_.- LA
e o R

{

d, exfenswg mdus rnal apphcahon ard-is - LR



= F

e X R P . Do
- . . . . < . -

AT VI . L . L B _

now fmdmg Fovor m the power mdustry for Ose on sma!l systems. ST

5. Alfemqte A (5 MW) Select Energy e~ , L
el . Rahonole o \ S o R S - X

.'r

The grectesf economnc odvonfoge from the msfollotuon of a- duc! purpose'po’wer -
. plont will occur with full system utilizdtion. While larger systems may show
o lower returns on investment, the rnstollohon of a partial load system may. wel! _
" 'be a good investment and af the same hme provide increased-availabi lity and - = "
’Fle.XIbl‘lfy of - operaflon and expansion ., This design alternate” is sized fo ov:de :
- @ system, whleh operotes at'full capdcity throughout the year.” Alternate B con-:' :
. siders the! expansion of the Alternote A sysi'em to prov:def‘grea;er rehablhfy ond

fiextblhfy of operatlon.‘ o .
E Power Cyc.les .,".'-: - . IR L - S

. As shown in Flgure V!l-4 the power cyo le for a.minimum conanuraflon includes -
‘a backpressure automatic vcmoble single extraction turbine. The extraction at

. 265 psia supplies the exlshng steam furbine. driven centrifugal chillers and pro—

" vides bileed steam 'to the high pressure feedwater heater. The 75 psia exhousf
is fed to the existing steam distribution- system. Heat balances for energy- ex- .
trochons from this cycle are glven in Table X-'l cnd Exh:blf HI L e

. 'c_. . \
2 ) -~ - . . i S B - . N -
LA . - - -

cl - Sysfem Slzmg L . : o _
3.‘,’_..‘ ) <, ) . \-;’-__“ : .':...

] ~ From progechons mode for ]981 utility requnremenfs, fhe minimum ‘electrical >
™ demand of 6,500 kW ‘occurs in December. The steam demond that occurs w:th
~— thls m:mmum electrlcgl Iood condlhons is 90,500 pounds per hour. , -

The\prolected minimum 75 psna sfecm demqnd of 80 500 pounds per hour occurs
- * _in March. The power generation at this minimum steam lood by the- proposed
power plon? oycle would be 5 500 kw. _' _ o ) :
. "\
- “he htgh pressure }hroﬂle steam flovg rat\'to the steam: tur,bme wth a 5, 000 kW
e load would be 90 OOO«Ib/hr and 75 psia steai produchon would be 72,000-1b/hr
- Hence, « duol purpose power plant consisting of one 100,000 pounds per hour
< coal Flred boiler using oil and~ggs as alternate fuels and one 5,000 kW automatic
' '_'vor:oble exfroch)on bockpressure s eam furbme/generofor was selected

- d . PerFormcnce ot
. J . T ) ‘ Ty
' The mvers:ry heohng and coollngvloods are of such mcgmfude thot the>proposed
- 'sysfem woulé operote at Full copacrry 2As presenred in Toble VII-T 27 percent’ -
-, ' : :- Q L. = -‘. h V,IJ—,—] 6 : .- : ‘. . . N . L ) s :
<o LT T e e e T
. - * B - - - . L w/_»“ *
N e N

>
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L 4 The steam turb:.ne dI'IV ch:llers are loaded to the exfenf steam is

=

*

; connecfed to the cenfral system

ORI
. st—'ean{ ft;r_.

5. T Elecfrlcnfy is generared by condensing sfeam to fhe extent sfeam

1 ‘-. = The e.xlshng system energy requnremenfs have be% _projected to ]98]
and an add lflonal 5?00 tons of alr)condmomng have been assumed to have been

-

. . . ;

2 _ An addmonal 5900 tons of elecfnc mofor drlven cenfrlfugal ch:llers |
'_7 3. ' Ieci'rrc mator driven Eﬁllers are basejoaded and fhe ex:shng B

L e -

en éhlllers provnde peakmg.._. L

-) ..

avallable from the furbme generafor affer sahsfylng the heahng load.

“is available’ after meeting the heaflng and. chilled wai'er Ioad?;. ‘Sufﬂc:enf sfeam .

s condensed at all hmes to provude blade coébing.
; .'.'.)_(.‘U t . R - g

6. - Absorphon chlllers have been installed instead of elecfrlc mofor ,

-drlven chl||‘ers“ 7 , L o

iR

-

»\ | The absorphon chlllers and sfeam turbine. drlven chillers are loaded

. according to the extent steam is ava|lable affer sahsfylng the he”éhng load.

) Exustmg elecfrlc mofor drwen chlllhs pro*vrde peakmg

8. - | Thm‘y percent of the heatmg Ioad is exfracfed ﬁpsra to provnde low
pressure skeam dusfrnbuhon or generai'e Iow femperafure hot water. |

- ? .
-

-

9. T The furbme rahngs shown a are for stward aufomahc varlable extrachon .

“turbines which can generate upwards to 150 peMent. of the basic frome power rafings

| 7"‘m the size ranges con51dered m}fh:s sfudy if the t;onnecfed generator is.so rated

) . 80 percenf. " The new,\_g\al-ﬂred boilers w;ll have air p&eheafers and economlzers
~ and have an eFfu:tencyo-E 84 percenf. SR L

..‘ . iy

: .']0 | TFhermal efﬂcnency of the exlshng gas/o:l-flred bonlers is assumed fo be |

v
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~ of the elecfncal power and 85 percenf of the' 75 psrq steom requ1remenfs of the .

Umvers:ty would be satisfied by fhls sysfem . TN
6. . AH‘erncd-e B (10 MW) Selec} Energy R -" 7’% L
a. Rafio‘na%u L B

—Altemote B is fhe 1og:co| exfensron of Alternate A o+ mclude greater generating
copac:ry, fore rehci‘b‘]e service and ‘increased flexibi hfy -The condensing steam '«
- ‘turbine, by virtue of ‘the condenser, has the ability to producé electric power-

v u%?'echve of i-he heafmg demand and would be used to reduce demcmd charges
From the Florida Power Corporation durmg those periods of low steam demand and
l’ugh electrical demand. Two fuibines are mcorporoted into the design fo provide -:_ .

" added rel:oblhfy and the system will have ‘capability for 5 MW oufhut when one .
unit is off line. During these perlods Alfernai'e B would perform s:mllor to Alter-

‘nate A, _ | . _ ;
~b. - Power Cyole R Lo P - ' &" - o )

: The power cycle for Alfemcfe B rncludes an additional 5 MW superimposed on the
“cycle for Alternate A. The additional 5 MW capacuty will be provided by a var-'
iable extraction condensmg steam turbine.’ The operation of the backpressure
furbme will be the same as described in the previous sectjpn. Figure VII-7 shows .

" a schematic of the condensing turbine- power cycle.  TheMktraction pressures will
be the same as for the néncondensing system, 2635 psia, 75 psia and 30 psia. Ex- |
" haust to the condenser will be.at 1.5 psia. . Steam extfacted at 265 psia will be -
5upphed to the turbine’ driven centrifugal chlllers and a portIOn will'be to the " . .
hlgh pressure feedwafer heater. The 75 psia extraction steam will supply the
-present 75 psia steam distribution system and prov:de bleed steam to the inter=

mediate feedwater heater. .The 30 psia extraction port. supplies bleed sfecm to -
 the Iows pressure contact deoercfmg Feedwofer heofer. ' - : - o
o - - . ‘ .- ...

The heat balances for spec:flc heat. ‘extractions From thfcondens: ng vonoble ex—
.traction cycie are g:ven in Table E lll-2 of Exh:b:f III <o T '

c. | S)Efem S:zmg L : —_— _ N

,
-~

'From fhe pr0|ecfed load durchoh the ‘electrical demand will be greater than
-'10,000°kW for 8,000 hours per year @and a 10, 000 kW ‘generation capacity will

“ have 98 percent uhllzahon. To prowde increased system ovmlobrhf? and flexi-
bility of operation, two turbine generators of 5,000 kW rated capacity each were
selected Sfeam generation will be by two IOO 000 p0unds per hour. bo: ters.

. PerFonncmce 7 - , _. o - I - o "
'.; As shown in chle VI! l fhé.sysfem 'wil‘l';\rovide all }he_"heoﬁng'; and cooling =
. . g. .- B A T t. X e L ' - -

VH f2} L e , N o '




FIGURE Vl |-5 5, 000 KW NON-CO ENSING AUTOMATIC -\J-.' ? '
VARIABLE EXTRACTION TURB INE GENE TOR PERFORTANCE CURVE
. : . "MAXIMUM THROTILE FLOW - i

” ’ x -
X
=
S . OPERATING CURVE WHERE
= MAXIMUM THROTTLE STEAM
= \IS LIMITED BY BOILER CAPACITY
S £ T
Po
I
H‘ -
e ) '
CONDITIONS - .
) ' 265 PSIA EXTRACTION .
_ - 75 PSIA EXHAUST
k=3
- LOAD, 1000 KW' -"«
‘ / "Vl"l—22" L :
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steam requuren’:en}s and wull gﬁnera@Sé percenf of fhe elegfrﬁ:al requuremenfs 3

- i

v : -
~

The besf energy eff:cuency of fhe system is reallzed when suffu:lenr sfe'am is pro= |

duced and extracted to supply the thermal loads and minimal stéem fo provude

A blade coolung is exhausted to. the condensér. ‘FuHesf utilization of the sysfem

:"IS realized when the maximum aliowable steam’is sent to the condenser dfter
alk fhermol loads. are. frsfled If minimal steam is, exhcusted to-the condenser,

. the heat rate for fhe system-is less than 5,000 Btu per kWh. For fullesf utibrza-
“tigngof thg systém, the heat rate of the sysi em is 7&(;)0 Btu per kWh. Both/'of

these heat rates are consuderably Iess than’ the. 11 Bfu per kWh-: of Florida -

. Power Corpordtion for generati g fronsmutfmg the same quantity of eiecfru
' _cury to the University of Florida. . S B o
o= : P ‘_ _" 4 ‘7\:. f ~

' _Sysfem cva:labul:ry will be mcreased ‘with fhe dual lme of bo: lers and rurbme gen-

7 - p : A}éemate C (12 5 MW Selecf Energy +Absorpf|on Chllfers)

‘alternaté methods of refngerahon on the perFormonce of a selett energy system
.should be considered. Of porhculor note is the possibility of sngmflcanfly alter-.

' erators. And, control of the electrical generation is simplified with the_flexible

opgration of . fhe condensing automatic variable extraction tumbine. As heating

‘and cooling Ioods are added to the system, the portion of the power produced by

condensing steam will be reduced, thus, providing for system expansion ond effi-
ciency_ fhrough mcreased uhhzahon of . exfrocflon steem. . .,

. The bcckpressure furbme will have the same performdﬁce curves as that shown in -
"Figure VIl-5 for Alternate A." The full capob:hfy of fhe basic 5, 000 kW Frome
could be used when fhe condensing turbine is ouir of servuce i :

——

The performonce curves for fhe condensing automatic variable extraction turbine
are shown in Figure VI1-6. " The basic -5,000 kW.variable extraction turbine frame.
can support the additional generator capacity shown by the dashed lines of Figure
Vii=6. This additional capacity and flexibility of operaﬂon can be pUrchased for
less than 2 percent of the basic furblne/generotor prlce S

Y

. ' ?7/( - .
Chilled water produchon for’ cenfral air condmonmg Forms a wbsfcghal porhon
of. the energy requuremenfs of the University. Smce)‘he refrlgerohor% equipment
can use electricity, steam, or hot water-as the energy source,: the effect of these

ing the power to heat consump ratio of the utility system by switching from
eleciric motor driven chi Iiers t eam turbine-driven chillers or absorption chﬂlers-

This. change has the effect of re‘ducmg elecfncal demand and energy consumption
while mcrecs’ng fhe heat consumphon by exfruchng more steam for the absorption -

’chrllers. N L : : .
Y .. e - ] . T

. V=24



L-d,‘.,_._ﬂ Alternate Chrlled Water Energy Requrrements

..,'i-A camp} son of I'he energy requrrements of r'he various posslble methods of pravrd- :
- mg chi l‘led water for coohng ihe Unwersrt){ of Florida is given By Table VII-2

1) Convenhonal S stem AR ) (? _r‘..&‘:‘- ciee __
hen there is no by product powe%enerahon, abso\'phon chrHers Wi II requrre e
6 hmes more overall energy than an elecfrzc motar drlven cenfrrfugal chrllerfﬁ

- w“o. toov S
_" - . . . .. ..: . -~ b
. . ~ - e T
- . : S

2 ) Total/Select Energy System co e ) IR IR L»

Fd

4 '-__

The electnc motor dr‘iven centnfugal chillers do reqr.rﬂ'mo percent, less ovepaTI
* fuel than absorption chillers:in ’selecf energy ‘system . Bit, - thes reducffbn hi |
_.purchased electrical energy costs and demand-charges of a. select sﬁem »as%hown
in.Table"VII-2 make the use of absorphorﬂ_:hrllers with q J‘otal/‘selecf energy
system economically attractive. Further, since. the propo3ed &uel for ths system .

is cogl,~there still is a. reduction in oil consumpt:'on proporhon%r@duchons

in electricity. purchased and the fracfron of fuel orl burned by the ercial

-

powel' system

s, dependem on the price of fuel )
al. is-expected to be- less than that of elec~

ption chillers is ;expecfed to be

The relative advantage of absorphon
The rate of increase of the price of
- tricity® (]), and hence the advantag of abs
_mai nramed ' ' -

© -

) b ‘.Raﬁanale-" |
The Unwersnfy has begun a 10 year cenh'al air condmonmg expans:on program
~~during which time 8,000 tons of chilled water generation capacity®is to be added
. to the central chrlled water system. - The addmanal refrigeration equrpment .as
.- recommended in d previous feasibiliTg study (3), is fo be electric motor driven” .
- centrifugal chillerss Egch additiona¥ton of air conditioning by an electric motor- 2 ..
. driven centrifugal. chrll will cau;é'on addmonal 0.75 kilowattelectrical Ioad o
Qperahon of this equrpmem‘ could substanhaHy raise the electrical load during’
the summer months,” which is already the peak electrrcal demand perrad for fhe L
Umversrty s e s I
'ﬂze use: of absorphon ch:llers wauld n'of mcrease the 'eiecfrrcal demand Furfher- o

.-mére, the additional power generated. lect energy system while supplying”
S would Iower the peak purchased

N

a

The low pressure steam for the absor.phon chi ll
I',",.Kcmcal power demand )

* e
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cf SR o Energy - | "NéfCosts, -'5/1068*tu Cooling\-(9)=“",‘

‘ : : : .. L o y 3 .
©Sem s 0 el Beoicy Ceitol  Overdll $1.00/0 B, S50 8 $2.00105%
o c : | ogumed C?"‘”’"‘?d, Station . Energy * Foel . Feel | ) Fuel .
' o ]0 Bi’U “KWH (7) Fuel Cogsumed - o C
co e T ogsumed 10 Bty
- ) b SRR Bru(8 A

Conhhohal System~ B e

-~ Absorption (1, 2). . LE7 O e g
. Turbine Centrifugal (1 3) 1.34 SR 1.3 )
" Electric Centrifugal (4) ) - . 072 07 R )

o Abomtion (2,823 Q8 3 L 03 Y

T Coog 0,9, 1.5 Yu o am no“ 0.57

L &74

NOES I | e, ; '
g Exushng boiler ffici iciency is assumed fo be 80.percent.

2. ‘Ahthwm bromide apsorption chiller with a coefficient of performmce (COP) of 067 . R -
3. Existing steam turbige driven chillers hoving o COP of 0,93, . - e T e e
4, Electncmotordnv' centrifugal chillers with o COP of 4,6, ° U S '
5

6

7

nt
2.07 "\

. Steam extracted ot 3 psia from  select energy system,

 Steam exfra ct2 psia from @ select energy system, S e ‘ '
Power is pur o commercial supply for the conventional system, ‘while on-swe byprcduct electncal power,‘ is
S generated-for thesele ‘energysysfemasgwen in Toble VII-1, S ,
8.7+ The commercial supply central stotion heat rate for generation to the Umversrry is 11,275 Btuﬂ(Wh .
'\ Consumed elecrncnry prlces are SO 026ﬂ< and consumed fuel pnce‘s are ogiven., .o .
doo L. o "’\ o
R TS 5‘ ) : TR
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A "'Pdwer' Cycle .~ -
A condensing vorlab[e exfrachon turbme power cycle conﬂgured as shownin”
Flgure V-7 for Alternate B would opergte in’ pamﬂfl with'a non-condensmg ex-

h'ochon turbme pbwer cycle conflgured as shown in FIQUI'E VII-8 y

- ‘d'.\ SystemSnzmg

- .

Y

N . u - ST

For th:s £eas:bllury study ?t is assumed that absorphon chlliers are specnﬁed for
“the'5, 900 tons of air cond:tlonmg scheduled for installation by 1981 under ‘the -
«~central cm' conditioning system expcnsaon program. The same utilization and de= " -
mand characterushcs are, assumed for the addmonol 5;900 tons of coolmg Iood

v ‘scheduled. for connecﬂ in to the central air condmon sysfem as.Qccurs for the \ )
exlstmg chilled water dusmbuh on system ' R S

(_ ee e’

-

Tbe change of operchng condmons to provnde conrrolled extroctuons at 30 psua R
'reduces the- maxamum‘throftle steam flow rates for fhe 5 000 kW turbme., Further- _
,;; more, the absarphion anIIers pfovud’e a substonhcl lncrecse in steam'load. Hence,
~ the next largeg tutbine generator size (6,250 kW) was selected. " The cqmbmed g

steam generctkcpoc:ty of the boilers selected was 240,000 pounds per hour.
erformance curves for the 6,250 kW non-céndensing and condensing variable

&xtgchon turbmes ore glven as- -Figure VI.I -9 ond VII-IO respecflvel}r o T
'i_ e'_.” - Equupmenf Loodmg Suau L R . ._ e ‘? ,", : )

s

- The-absorption chillers and exlshng steam h‘%me driven chlllers are loaded o
._.‘pccordmg to the extent of steam available affer scnsfymg the heating: Ioods .
: V':Exzshng electnc motor drwen chillers prowde peckmg |

" Additional eleétri’ciiy 'is generated by the condensing turbine. geherator‘ to the ex—
" “tent steam is ovcniable; after-the*heating and chllled water prpduction loads are

| - satisfied and’ fhere is additional eleciTlcal demand. flc: t steam is. Sond.ensed
~at all times to provnde blade coolmg m the-low pr Sure sechon of the coﬁdensmg ?'- '
'_.'turbme generafor.;-;. A 'at S r’/ e e L . '
5 | v"\:\;.. DT - . ) > \ (
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f. - Performance L T R N

- .

Under the. operating conditions given above, this alternate will meet all the ther-\

absorption.chillérs, the overall energy requirements are ip€reased over that for -
Alternate B. «However, the overall fuel oil requirements will be, reduced propor-
tional to the pui‘éhqse_ql electricity and the fuel oil consumed by the commercial
power system to generaté that electricity . T .
e . lt\ ’ - N
The design has been sized such that the boiler and turbine throttle f
the Iimi.fih‘g'Fqctors. There is a substantial portion of the year Wﬁe’n "fgtvheafing
and cooling-loads cannot Be met by the system™and it is necessary toresort to
operating the electric motor driven centrifugal chillers to provide the additional:
chilled water production. By increasing the system size to accommodate the -
additional low pressure steam requirements of thé absorption chillers; lower annual -
utilization of the system generating capacity will be realized. The condensing

B

-
r -

L
‘&';; !uv -
%

<

w rates are”

- mal réquivements of the University and genarate 77 percent of the electrical re— )\

- variabie extraction turbine provides considerable flexibility to the system opefations _

in that the additional steam generation capacity when not requ. "= to supply steam

- for heaiing and cooling will aflow the production of additional elestrical power.

 Also, by converting the present steam distribution system to a low pressure steam

L L

" distribution. system or a low temperature hot water system so that it is possible. to
_extract steam dt lower pressures, additional power can be generated for the same
heat”loads during the heating season. Thus a higher annhuad*dTilization of the

" select energy system would be realized. This possibility is examined by the next
“section. -+ : o - S ] o

8. Alternate D (12.5 MW Select Energy + Absoéﬁon Chillers + LTHW)

wvital link of the central heating and air condfﬁoning is the.thermal distribution
system. The distribution system is also @ mdjor part of the uti lity system invéstment
as there are miles of installed pipe, wire and tunnels to distribute the utilities’
And, since a thermal distribution system is likely to still be in use 30 years from
the date of its installation, it is essential that the suitability of the system for use

/

~

“s

with future energy sources be carefully examihefd. . o L,
| - a _ .A‘Ifern'c;te Heating Energ}z Reﬁbiremerits -

Table Vll;é, i-s d'-corﬁparison of the over;i\l_ene.rgy. réquiremenfs. for vari;)us mefh_oas

of providing heat to the-University of Flori}ig - - ' L / C N

) ' v_u-3i\ B

~ ‘qujrements as is shown in Table VIi-1. N R y Jg% _

A P . * - - o : y ‘- -' - S 3

 The eléectrical consumption will be reduced by 17 percent -rélaﬁVe.fg the base e
. caseand the overal energy requirements are reduced by &:percent. By using o

-
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MBLE VII -3 ENERGY AND COSTS PER MILLION BTU OF HEATING

ﬂ

| Ene’rgg L Net Costs, $/10° Bhu, Heating )
‘ " S |
SYTM REL  EECRICTY  CENMAL, OVERL - sLoo/’mu $L5/0°me  $2:00/10° B
‘ C%NSLMED CONSlMED (5  STATION. El%ERGY . Fuel ~ Fuel Pl
! 107 Bty | FU;L 6 10 B : I
' ¢ . 107 Bty ‘ . £ ‘ ) ’ _
Conventional o L0 . LT ‘1
"~ Electric (1) - 23 331 33 7.8 t 7.6 . 7.62
 Steam (2 T S R IR ¥ 2.5 .
Select Energy . . ‘ A .
'Steam?) SR, B N (X S S X" S 1/ S 2
LThW(4) , - 1.8 79 0,89 ’ Wi g 045 08 LI
NOTST SN
1. Electric resnsfance heoﬂng is assumed 100 percent efficient. S .
2. - Existing gas/oil fired boilers are aswmed tobe 80 percent efficient. - * " | y
3 Steam is extracted from a select energy system of 75 psiz, - | . 3
4, Steam is extracted from a select energy system at 30 psia fo generate. Iow temperufure hotwater. + ., .t
3. Electricity is consumed in the conventional system md is generufed asa br-produtf of I*he production of low y
pressure steam in the select energy system. | |
6. ‘ Central station power generation and transmission heof rate is 11 275 Bm/1<Wh ' |
7. Consumed electricity pnces are $0.26/kWh ond consumed fuel prices are os gwen -
P . ., . ., ' ' ) -\
‘ '/' . '.‘-., . . ' .
k) | ,.‘ . 'ﬂ " . .\ .
.' ' . ' | '\ t ! !




*1.) . Conventional vs Téfcl/Selecf Energy

" The cavanfage of producing electrical power ds a by-product of generating heat

is obvious. While the select energy system requires 27 percent more fuel be
burned on-site than the conventional system’to supply 75 psia steam heating, the
.overall energy consymption of a-select energy -system when including credits for

-fuel not consumed at the commercial central station to generate the equivalent

by -product power is 30 percent less than the conventional system.

2.)  Conventional vs Total/Select Low Pressure Extraction

s

When a low pressure (30 psia) steam distribution system or a low temperature
(240 F) hot water distfibution system is used, the advantages are even more pro-

"nounced. A low pressure steam or a low temperature hét water distribution system

would require 42 percent .less overall fuel for heating than the existing conventiona!
system using steam for thermal conveyance without by-product power generation.

[ S
’

3.) ~ High vs Low Pressure Extraction

=

.A decided advantage accrues to the use of low pressure steam on a low temperature

hot water distribution systems as apposed to the present steam distribution systems.
Thirty percent more electrical power can be generated by the select energy plant . .
if a low pressure steam distribution system or a low temperature hot water distribu-
tion system is used instead of the present 75 psia steam distribution system. Further-
more, the overall energy requirements of @ low pressure steam distribution system

or a low temperature hot water distribution system would be 17 percent less than’
the 75 psia steam distribution system when credit is given for the additional by-

product electrical generation.

4._) - " Electrical Resistance Hecting

Electrical resistanice heating requires almost three times the energy of the conven-
tional steam heating system and almost five times the overall energy of a select
energy system with a low pressure steam or a low temperature hot water distribution
system. Electrical resistance heating increases the purchased eleétrical demand,

"\"\‘“k‘

and deprives a select energy system of a heat sink for_the use of waste heat.from P

the production of power. e .

)

. | ‘ o .
b. Existing Thermal System Compatability to Low Pressure*Steam or Low -
- Temperature Hot Water . '

A select/total energy system extracfs as much electrical energy from the steam as

“possible before the steam is exhausted from the turbine and the waste heat used for
space heating and cooling. By lowering the pressure at which the_steam is extracted .

from the turbine, substantially more electricity can be produced per unit of heating. -

. Vi34

+
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S 2.) Réduced Heat Loss .

v

The pronounced imprgvement in power to heat generation ratio, particularly at

‘lower pressures, is shown in Figure VII-2.

1.) Low Pressure Steam . - oo

Essentially all of the steam distributed to the campus-is reduced+o 30 psia or less

at the building sites. This reduced pressure steam is then further throttled to'a’
lower pressure to control the temperature. As noted earlier in this section, the
present distribution system supply pressure could be reduced to increase the power

- to heat generation ratio of a select energy system. Pipe sizes and pressure drops
. determine the lowest acceptable steam supply pressure. -

2.) Low Temperature Hot Water

4 . ‘—

Presently low temperature hot water is used as the heating media for approximately

80 percent of the space heating loads connected to the central steam distribution

system. Steam is used to heat hotwater in- thermal converters (heat exchangers)

at the building site. And, it is the low temperature hot water which is circulated
throughout the building to provide space heating. The existing distribution system .
can be converted to a low temperature hot water system. '

v

c.. ft'é;r‘nbvs Hot Water Distribution Systems ' .

-

There are a number of advantages of hot water distribution systems relative to
steam distribution systems which merit consideration.

1.)w " Dual Purpose Power Generation N

Higher overall select energy system efficiencies can be realized by heating and
didtributing hot water than can be realized by simply extracting and distributing
steam. The reason is that steam must be extracted from the turbine at the supply
pressute of the steam distribution system. In contrast, water can be heated in

stages (regenerative heating) with only the final increment of heat added at the

.peak temperature. From the standpoint of by-product power generation, hot water

systems can have a decided advantage. -

-

The following contribute to heat losses in steam heating systems: open vents on |
condensate -receivers; flashout losses and leaks in steam traps; and boifer blow- -

‘down. These losses typically require an additional 15 percent in fuel costs than

if"there were no losses. A hot water system, on the other hand, is a closed circu-
lating loop, with only very minor losses from leakage at valve stems and at pump
stuffing boxes. Inasmuch as the amount of makeup water required is only a small
fraction of that required for a steam system, this greatly reduces the need for

Vii-35



3.)

'_b‘lowdown, thereby doing a

-

Independence of C

- < .

way with a source of considerable heat loss,

T
-

ontour g ( N ‘ -

Condensate collection systems usually hUW"by ';;ravity, so all lines o:e\pitched inl

the direction of the receiver. Farced circulation hot water lines are entirely
independent of the distribution system layout. However, ‘since water is much
denser than steam, more substantic] pipe suppois’in tunnels and inside buildings
will be required with water systems than with steam systems: + \

: p .

4.) . Eqbivclenf Pipe Size - . K .

The thermal energy conveyed per unit of vojume of water is approximately 40 tintes
that for steam’at the equivalent saturation temperature. Even after accounting for - «

velocity differences and fri

ction, s‘maller' supply pipes ccn-? used for hot water

distribution systems than an equivalent steam distribution sydtem. And, o hot

water return line will need

» required in a steam system.

~5.) Thermal Storage

only be on or two sizes ldrger than the condensate Ifne_

t

v

A hot water distribution syster acts as a heat_accumulator due to its capacity to

store heat. This may be likened to an energy reservoir, which ooonf}cc"ommoda‘fe 5
te

sudden heat demands ‘without loss in ;empercfure. _Steam systém}

n suffer a

te@perature drop when shock or peak loads oecur,” which cause a drop in the boiler

: ! S . N
préssure - But because of the heat storage, hot water genermators need not be sized

for m -ximum peak loads. Steam boilets require such sizing. to-preverit pressure

losses and accorhpanying temperature losses. R
6) Isolation of Systems _— | ' ’ ' ( .
. £ - * -

‘The steam to water heat exchangers.allow isolation of the power generatian cycleé_\

from the fh‘ermdi distribution. Any failure of the distribution system will not appre-
ciably affect the backpressures seen by the turbine, And, since the systems are _
isolated, the water purity of the boiler and turbine ‘can be maintained at.a high

level while the thermal gisfribufidn_syﬁem can be somewhat lower"

.". ~ X T l

Condensate lines are usuall
bined w{th atmosphéric bxy

vented reCeivers and the consequehtly negligible inf

7)) Reduced Maintenance .o AN . 3 -

S

- -

y subject tg corrosion, because mirier_-al free water, com-

gen, becomes very corrc 'v‘e./\,,‘The ebsence of drips and
osi;x air ina propi‘?ly operated

’

water system tend foward lower maintenance costs. * Furthemmore, theinternal f
corrosion that commonly occurs in steam systems carPbe controlled in hotywater
systems by the addition of chemicdl inhibitors not available ‘to steam systems. ]
- - “e o ~\ s ) »-
" VI1I-36 — ‘ :
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- 8.) _' Soféi_'x .

‘Evaluations of the operational so\l'y of hot water systems and steam systems have -
indicated that, in the event of line breakage, the water_systems are less hazardous

than steam sysrems at equivalent saturgtion temperatures. . L e
- s s .

%

9) Solor Compbfoblllfy _. : - -' .
x : ‘

-
‘A low temperature het Aater distribution sysfem wou ld be compcmble with a solar
r _booster system while a sfeam distribution system is né"

B

v !

d. . Rationale ¥ a

"

-

There is an on-going program for the replacement of aging steam supply and con-
densate return lines throughout the steam distribution system> And, as an alternate
to simply replocmg an existing steam distribution system cons:de[ohon is given to

- developing @ master plan to install a low temperature hot water distribution system
for supplying space heat to the campus. The installation of this system could be in
parallel with the presently-planned construction of the central air condmomng
chilled water distribution system and could be phased with prolecred replacement
of segments of the presenf steam d:srnbuh.on system .’

¢ . ~

e. Conversion $chedule o : .
o . ) ’ ;

’ i .
To be most cost effective, the conversion of a steam heating system should be
phased with the need to replace and retrofit existing units. A detailed analysis
. of the building mechanical systems for the entire university was considered beyond
" % the scope of the present effort. Howevér, fo show the feasibility of converting
' to a low temperature hot water distribution system, a proposed first increment has
been arialyzed. This increment considers the connection of the medical center
odlccenr to the proposed select energy s:fe to a low temperature hot water system.

~ E
The propased addition steam line befwee heanng Plant No. 1and No. 2 ¢ould
be designed for hot water and extend thé distribution of water to the main,

"campus. And, the seg ents of the existing steam distribution system such. as the
8 inch steam line (naw/valved off) running north from the med:cdl center could

be converted to distribute hot water. A review of the utility~system study (2) and -
.cenfral air conditioning feasibility study (4) along wit proposed plans for modifi-
cation angd retrofit of building systems will be nedessdty to properly progrc.-m the .
~ extensior of and conversion to a hot water dlsfrfbuhdﬁ system. . _, ’
’ .Y : ' ?’ e ~ '
f. System Specifi'cotion; -, = ‘
. . .
“The parﬁculor desngn pressure and fempemfu* . -:sen for the thermal distribution
.- system can limift the amount of wasté heat the * c=~ be used by the bu:ldmgs The
B ) V11-37 L
. . ’ ' -
£, ) >
- . 104




i

. #He choice of design conditions requites a detailed ana Iys> of the building mechan~

- . . . - 4
maximum power to heat generation ratio-occurs for the minimum thefmal;distribytion *
supply temperature. The low supply temperature can be attained by reducing the
system temperdture drop and the return temperature. The smaller the temperature
drop, the gr'_e‘%r the flow rate and pumping requirements. - The lower the return:
temperature, The larger the heat tran§fer suface required for 3pace heating. Thus,

fE:(Q! systems and the distribution system .

Low temperature hot water systems are normally designed to operate with supply
temperatures in the range of 100 F to 240 F. The lowest practical. sup’ply tempera-
ture should be chosen. However, for the present feasibility analysis, a maximum r
supply temperature of 240 F with steam being extracted at 30 psia from the steam

turbine to generate the hot water was selected. A supply temperature of 160 F

or less is possible and would be compatible with a solar heat collection system.

Such a low temperature hot water could not be used to.drive a lithium bromide

absorption chiller, but it could be used with an ammonia absorption chiller.-

t . .
g. Increment Logd Size

Appro:‘-cimately 40 percent of the distributed steam from Heating Plant No'. 2
Medical Center which is located adjacent to the Heating Plant. It is estimated-
that of this steam load, approximately 5 percent of the steam is used in sterilizers
and 20 percent is used for multizone heat-reheat systems. The remainder of the y

steam is fed to hot water generctors);g/rpvide heating and domestic hotwatdr. .
For the present analysis, only the exts¥ing hot water diftribution sysfem at the

-

'medical system: is to bz considered for connection the proposed |US low temperatyre’

hot water systent distribution system. Thus, the load selected for evailuation is a-
30 peicent of the overall heating load of ;-Ié_ating Plant No. 2. -
Reductions in energy losses by conversjori of steam distribotion systems to low’ ]
temperature hot water distribution systems have been réported in the range of 5 . (
to 20 percent of the system heating load". * An assumed 10 percent reduction in S

I d

load has been used in the present evaluation. R .

-

There are four hot water generator statigns to which the-hot water distribution sys-—
tem would infe'rface.' The send out temperature on the spdace heating water is varied

-from 100.F %o 150 F: Domestic hot water is sent out at 120 F and the i-émpe; ture

is boosted tas180 F in th%}fchens.

-
4 : »

The power cycle including turbine/generator and boiler size are the same as those

"given for W prei/io\gs absorption chitler alternate.

\' ~ ) ' /’- " 3 -
h. Performance , - _ L
. B ‘ " N e . B . .

" As shown ia.}cble VII-1, there is'an 11 percent increase in electrical power generated

e T V138

- - A
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with no increase i‘r_m'purchoSed fuel or steam generation. Also, the overall energy
use is 11 percent less than the base case and 5 percent less than Alternate C which
did not inclutle low temperature hot water handling.

There is greater production of electrical power per unit of heating load and since
the power cycle is boiler and trubine throttle flow limited, the decrease in. thermal
load allows for greater power production by adjusting chiller loadings and ex-
hausting more steam to the condensers | '

9. Increment of Alternate D (6.25 MW Select Energy + Absorption Chillers
+ LTHW) . .

D ————————

This increment is offered as a means of phasing the construction of the 12.5 MW
Select Energy plant to facilitate the budgeting procedure. However, the profit-
ability indices presented in the following chap¥er are such that this increment
stands alone as a good investment should funding for the full recommended system
not become available. This proposed increment allows the University to gain
opproximately half of the benefits projected for Alternate D. - |

a. Power Cycle

The incremental approach would consist of a 6.25 MW non-condensing steam tur-
bine generator configured as shown in Figure VII-8. The performance curve for
such a unit would be as depicted in Figure VII-9. o

. ' Lo e e L '
Portions of the campus steam distribution system whuld be converted to low temp-
“~  eraturg hot water in accordance with the Gonversigh Schedule of Alternate D.

b. Performance
. C : \ e N Lt . ) N
This system will also operate in ar efficient and economical manner, yielding
approximately half thé benefits of power generation and reduced fuel consumption
- of the Alternate D sys}em. The system be\nefiﬁ_ are summarized in Table VII-2.

i

D. ., SOLID WASTE MANAGEMENT\\ .

4

1.~ Resource Recovery . -

Resource recovery is the technique by which solid waste management is infegrated

+with the other utility fervices. Two modes of resource recovery, materials recovery
and energy recovery, can be practiced and potential for application of each of

,Q_El{l‘c»se at the University of Florida is considered below. A flow diagram of the 1US

==g7id waste management system is shown in Figure VII-11, -

/A



(SOUD WASTE FROM COMMUNITY ALTERNATIVE) ’ o | PREHEATER | -

------------------ 4 'Egi‘zek

| | ,
| RECOVERED FEED
' - HEAT '
- | = | WATER
h *
COLLECTI™ 1 AND

STORAGE:

PICK Jp

INCINERATION 437 o | aNDFILL

ASH FROM COAL |
BOILERS - ,

. | . '
. , . I ) ‘
Pt |
: . |
| ‘

* I
"

(ALT!ERNATIVE)| '

x

) STORAGE

SOIL CONDITIONER

DRIED SLUDGE :
: {_ AND FERTILIZER

FIGURE VII-11 1US SOLID WASTE MANAGEMENT SYSTEM -

[KCI - ’ | TIU‘( e | .

Aruitoxt provided by Eic:



a. Materials Recovery , _ ' ) RN

- ~

Successful materials recovery requires a sepcrchon scheme, and a market.for the
recovered materials. Ferrous metals, although easily sepcrafed, are often not
marketable due to depressed local scrap iron demands and the somewhat dirty -
nature of waste recovered fertous metals. Other-constituents, such as aluminum
tops and organic coatings on steel cans, often preclude direct use of this resource
without further processing schemes. Although aluminum can be separated from
 more dense materials in heavy-media cyclones, it has not been demanstrated to
be economically feasible. Glass is easily separated but must be color sorted be-
fore glass manufacturers will purchase it. Furthermore, recoverable materials
constitute a small fraction of the total waste generated by the University and con-
sist primarily of aluminum cans and bottles.

’ ’

Hence, for technical and economic reasons, the installation of a materials recovery
system is not considered practjcal on the scale envisioned at the Umversny of

Florldc . .

-+
b. Energy Recoveg '

Regardless of the degree that materials are recovered, a subsfcnhcl ‘amount of
heating value is available in solid waste. Of the several methods by which the
energy of solid waste can be recovered, only incineration with heat recovery is
considered practical at the University of Florida. Incineration with heat recovery
can be accomplished in a humber of ways depending on the, unit size and mode of

a

firing. The most likely alternatives are considered below. - |

/] ) Controlled Air Incinerators . _ ' -
This type of incinerator consists of two or more chambers in which waste materiais
are combusted. Generally, the first or primary chamber is operated with less. than
. the stoichiometric air requirement. This effectively reduces gas velocities near
the grate, thus, reducing particulate emissions. Since” this chamber is operated
under starved air conditions, wastes are partially pyrolyzed into combustible gases.
In the secondary chamber, an auxiliary flame provides sufficient heat and oxygen

to complete combushon of the gases from the primary chcmber.

A schematic diagrcm of this rype of incinerator equipped with waste heat recovery
is shown in Figure VII-12. The system has two stacks allowing operational flexi-
bility. The system acts as a simple incinerator when the flue gases exhaust through
‘the dump stack or as an incinerator with heat recovery system when flue gases ex-
haust through the secondary stack. In the event of control fcllure, the system
lmmedlcfely directs the hot gases through the dump sfcck '

[N
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. to achievé their low-air emission rtates or water quenchlng systxe\to cool the ash
a

i s
° - . . » -

. ~ »

The small modular incinerators have proven that they can eff'c:ently process resi-
dential and commercial waste. THe efficiency ‘of thermal processing is comparable
to the largest municipal :ncmerctors with typical volume reductions of 95 per¢ent
and weight reduction of 80 pérceft. With few movmg parts, ‘maintenance pnoBTems
and-hence costs are mgplmlzed As fhey do not emply waster washers or.scrubbers

with large in-

residues, the cost and environnienfal confrol from the use of w
cnnerctors have been eliminated. | - :

2.) ~ Conventional lncinercﬁon with Heat Reeovery- R

-

; Convenhoncl mcmerchon, employlng excess air in the primary chamber to réduce

thé heat in"the gases emitted during ‘pombushon, produces a much more contaminated
gas than results frdm controlled air machines. - Al’sﬁ’o ‘the temperature relationships .

are different between the two designs: To meet air pollution conitol codes, con-

~

ventional waterwall incinerators must (or: shodld) install mechanical, or water

operated, devices to treat the emitted gasgs. .These'devices also drastically cool
the gas si’reum. ‘Any heat extraction for nergy recovery must take place before
the gas ‘eriters the polluhon control devices. ‘

The new comrolled air,incinerator, des:gns are got faced with these constramfs.
The corrosive elements and pcrhculctes are considerably reduced in the gas stream
by the high temperatures in the secondary chamber (cfter-burner) jthout the use
of mechcmccl pofluhon control devices. -

3. . Cofir'ing T : s = | k
, . : ~
The solid waste and coal could be cofired in*the same’ boiler. This wethod of in-
cineration with heat recovery was not considered practical at the University of
. FIO!‘IdO for severakreasons. ~ T . CN

Cofiring requ:res preprocessing of the solid-waste before injection into the bo:lers. 5 "‘3 '

The preprocessing equipment consisting of shredders, classifiers,” and conveyors’
generally cost more than a separate_incinerator with heat recovery equ:pment

"The variability of solid waste compositian can easily.cause fluctuations in steam

generation which' can seriously effect the turbine/generator controls. There is

a lack of experience in cofiring of solid waste in. -power generchon boilers in the
size_range contemplcfed at the ljr.nversn'y of Florida. The existing cofired opera~
tions with power generchon are an ‘order of ‘magnitude !crger than®he boilers. .
being recommended in this study. " : |

N - .t -
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S 2.‘-"_" Operation .of Controlled Air Incinerafors . | I =
S Y 5 - B
" #his type of incinérator is avgilable in fd'c‘:tgﬁcy{";élgéemblé_d units with-capacities
" normally less tha¥®5 tons per day and is instaldedin multiples of ic_l'éhﬁccl units
to achieve the desired plant capacity. Sucha rnodular approach ppovides greater

flexibility of design than exists with lcrgey_"v-bl}}m@-p.iani’s. L - .
Very few units Kave automatic ash removai. Withouyt this feature the operation
‘must be cycled with the ash residue bei g removed l)y db'_ob_ercﬂ*or after buiiding ' -

-
- . .-

SRR - up inside the chamber for a given number _c{fuhouES‘L‘-" " ¥
SR T A g | e T
. : T -~ . TE \ . -_D et X <
- 1 TR O U S L
=3. Recoverable Heat - -1 ey NI,
T — . LA R A VA
(R . [ 0 M

™

~ - R S .. B ) .\\ VQ /u.'; e ) l
The amount of heat recovered from solid waste depends _o?x'-the heat content of the
solid w?sf,e and the efficiency of the heat recovety units; LN '

a.. - “Heating Value .- - PR NS VA P,

LN

i - e d.-
-

. oL e M e, . . ) {

., The heat content of solid waste is highly dependenfeon- composition. Trash con-

E . sisting of a“mixture of paper, .cardboard, cartons, wooden boxes, and combustible
floor sweepings from commercial and industrial attivities will typically” have an} _
as received higher heating value of 8,500 Btu/Ib with a 10 percent misture con~"- .
fent and 5 percent incombustible solids. AR & DS o

. - H .
- . ~ . H
P ., ’ \ . s Ny e

- - - :
' L . . . LN

- Refuse from,apartment and residehtial occupancy commonly: conisists of.an even -
mixture of rubbish and-garbage by weight with up to 50 percént moisturesand 20, —_
“percent incombustiblesolids.” " As received highér heating values of 4,300.Btu/Ib -
. have been experienced in heat recovery applications. Lot

4 o RTINS

.~ For this study a higher value of 5,500 Btu/Ib has been cssluméd. * This is Believed -~
‘fo be- a conseryative estimate in view of the high paper content of the University =~ =
solid waste. " -~ : L ~

b. . Heat Recovery Efficiency T . P )

-~

R

PR

The amount of heat -r.gcov/éed is dependent. on the efficiency of the'feat redovery
- system. The efficiency, of -heat recovery is dependent on_both equiprri?if,ﬁ;ésign '

and moisture content of the solid waste. The waste heat recovery .boiter éfficiency

has been-assumed to be 70 percent based on fhe operating experience of. ic?‘sir‘nil‘ar
-~>  sized controlled air incinerator with heat recovery V' /, |

LI S
- h ’
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.b. Power Generation : ' : .

* hd . -~ -
- .. [ - N <
: < .

- - el R .=
- ‘_I - i L]

~4. . Utilizatien of Recovered Heaf o S ) Tk

As wrth materials recovery, there must-be a way to u§’e fhe recovered ‘heat rf this -
heat recovery is to be worthwhile. =~ - : . , -

. -
- - & S

a. Boiler Fuel Reducfion

A .
) - . - 4
N ; s . .

In a convenhonal sysfem the heat re;:overed from solld waste mcmerahon can’

- readily-be used to generafe hot water or steam and thus reduce the fuel. consumed

in the primary b0|lers K o g : S S £

5 R o » © L
_ With angntegrated utility system, the waste, ] hect from power generation.is used for
spacé heating and coohng and domeshc hot wgter heating, [f the waste heat

availgblé from power generation is equal to’ar greater than that which can be used,

5 :
- -

~ fheﬁ'ﬁpy use of heat recovered from solid waste incineration to supply the thermal.

loads of the University will reduce the gmount of. low heqt rate power \y/hlch can

be generated:

o :
~ The steam generated in.the heat recovery boiler cdn be used for%orler Feedwater
'heating. 4This likewise reduces the amount of steam bled from the turblne/gen-
erator and hence reduces the power generated from the highly favorable heat rate -
of regenerative feedyvc’fer hedting for a backpressure furb:ne/generator as in Alter-
nate A. . Therefore, boiler fuel credit can only be given to waste heat utilization
if the totcl/select energy system based on a backpressure tirbine/generator does
not supply the whole thermal load. The possnb:llry of power generation from the
recovered heat doé¥ exjst for a tofci/select energy system based on a condensing

turbi ne/generator .. ‘ , : - : i

o - *

Cofiring of solid waste wnth coal in the main boilers has been dlsmissed beccuse of
potential operational d:fflqu lties and cost of preprocessmg ’

o ) ’ ‘ > - ” . :
- An. alternate to using the recovered heat for the thermal loads is to generate power.

By injecting the recovered heat frém the heat recovery .boiler to the hlghest pressure
feedwater heater, less steam is bleéd from the turbine and-more steam can‘pass to the:
condenser. The power generator g'or the net recovered- hect feed to fhe 265 psi '

‘féedwater heater is 73'.-4 kWh/]O Btu. . s Cx

'
* s

Smce the boiler capacufy and the h:gh pressure throttle: stecm rates are ‘the limiting
factors for.the present designs, injection of steam at 265 psi ‘does not reduce the
utilization of these units. If additional turbine or generator capacity were required

". to accommodate the admission of steam at this paint in the poweg cycle, an accourit=

ing for the increased cépital costs "would need to be made. <
s . . ViI-45 o
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. 5. Uni‘versify Solid Waste Incineration - Vo o / .
1 - | s \ L |
a. Rationale . - - . \ v S
—_ . . S U

. : ~ N !
A solid waste incineration system with heat’recovery could be installed with-the
" Select.Energy system, Alternates B, C, or D.: Credit woul_d\fi)e given for the pawer
generated by steam admitted to the high pressure feedwater heater. A 25" ton, per
dayfo_cirli)‘wfdnsisﬁhg of two controlled air incinetators and zgociaf'ed changing *.
and heaf recovery units will provide sufficient capacity when' changing for 7 houts
pér day and operated 6 days per week . A y . \‘\ B
“b. . - Petformance R | _ N
[
a

;

o~

N /.

T~ .
) ~ ~ f

The "heat recovered from %, 000 tens per year pf‘soli'd waste vyilj. generated ;3!970,.900 .
kWh of electricity. At a heat rate of 11,275 Btu/kWh for the ‘commerical power

~supply, thé recovered heat is equivalent to 45 billion Btu's of _fue_l!‘\;per year.

: - s |

" Severadl variations .of the solid waste management system are w¥th noting. _,'}'Firsf,
selective collection of the University solid waste may be beneficial. Secondly, .
-solid waste from the surrounding community cou lﬁp.jnclpded‘.i - '

r N

- : - L -

=
Y -

|
"The present solid waste management system at the University does not require waste
segregation since all refuse is sent t6 a landfill for buriql. Depjend:ing on the type
of refuse fired, some segregation of wet garbage before incineration may benefit N
the heat recovery performance. Based on weekly refuse collection data, cafeterias™
generate about 200 cubic yards of garbage per week as.compared fc:\ a total Uni=-
- »Versity generatidn &f 3,800 cubic ygrds of refusg per:wéek. The wef garbage could - -
 be collected separated.and sent fcﬁ:{ landfill. Jhere is negligible recoverable heat
from wet garbage and the redluced ‘amiount of solid waste would allow the University
solid waste to be'burned in the proposed system.on a 5 day per weeke basis instead
of the, propgs'ed ‘6 days péf-_ week . g';. ) ‘ F’i | (” ’ -
. . - ; e . R . T .
Since the university. sotid waste heaf equivalent is less than 2-percent of the overall’
energy needs of the University, the possibility ‘of importing solid waste from the

surrounding community has been investigated® in the next section. - -
~ . PR T - ) . . o “ é o - ‘
6. " :Include Community Solid Waste . ,' -

- a. ®*ationale

Upon leqrning of the IUS fea‘sibilify study being conducted for the Uni\;ersify of .
Florida, the City of Gainesville requested that the possibility o,f‘!in_‘cluging the =~
community geherated solid waste in the IUS solid waste mdhagement also be inves—

- . . % . ' - . N

tigated. . . . ' . . g
’ _’_ ) - - V=46 —_—
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 The Cny of Gomeswlle generates and’ d:sposes over 40 000 tons of solid wosfe '

o londfill per year. - However, only that porfion of the community solid waste

whlch is of equnvolent quah'ry to that of the Umvers:ry was considered in this study.
"A recenf survey -on the solid waste generohon in the Gcnnesvnlle area shoy. that
- there wouldfbe available 12,000 tons per year. of solid waste_from commercial
sources, and a 75 ton per day facility would be required to incinerate the « ~a-.
bined. inputs from the University andselected collection from commercial sources.
This refuse w’ould be primarily paper mofer:ols and is cssumed to have a higher
heaf vczlue of 5 500 Bfu/lb | a

b.-- - Performonce; , . S _ L

I S ¢

¥

'The heat recovered from the comblned 19, 000 tons of solid waste per'year would
fgenex‘ofe 10,800, 000 kWh per yeor of elegtricity. .

E. . WATER MANAGEMENT .

' The central theme to water management is the use of the minimal quality available

water which satisfactorily meets the needs of the ‘intended use. Similarly, the.

treofmerrr"level need only be sufﬁmem\to»s’ohsfy the requirements of the sspecnflc
- The propdsed 1US water management Foc:llry for the Umversufy of Flondo

s shown in Figure VII-13. . 9’-‘_ o | L N

A Pofoble W_ofe'f Sysfem' .

| oo T .
 The primary mode of integration of pofablewofer systems. is by dlsplccemenf of fhe
use of-pofoble Fater for irrigation and processeyater. Smce the UniverSity has a

secondary water dlsfrlbuhon system;to serve these purposes; the present 1US project

does not dlrecfly mclude thel pot le water system R

The Unlvers:fy does own and operate its own potable water distribution system: and

presently has under consideration a recently complefed feosnb)jrty study fo:‘ msfoll- -

ing a potable water treatment plant. S ,

- -
.- L4

2. Sonitaty‘SeWoge Systerh |

. = . . ' . Lo . \..-
The Unuversuty owns and operofes its own sewoge coliection. system and treatment
.planf The treatment facility meets all Fedéral and Sfote discharge regulations..
Consfrucflon improvements are presently belng mode to ensure high performonce N

rels fhrough the next decade” R

“ -
‘
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a- Discharge and Regional Plansr e

_ v/
The Environmental Protection Agency issues National Pollution Dis¢harge Elimina-
tion System (NPDES) permits to facilities in conformance with applitable and ap-
proved Section 201.and 208 (of the Federal Water Pollution Control’Act (FWPCA))
area-wide plans. The Alachua County 208 plan is presently being déveloped and
the role. of the University sewage treatment facility in this plan has not been deter—
mined. . . .

[

The Department of Pollution Control has notified the Unjversity that provisions
should be made to connect to the regional waste water freatment system when this
facility becomes operational. The regional tréa acility is in construcfion
with project completion still several years in the future. The final decision on the
status of the University sewage treatment facility will depend on the outcome of
the 208 plan presently being formulated. The University planning is mfluenced by -
factors over which it has little control.

b. Availoble Alf'ernofes . . ;

In the absence of firm commitments from other authorities, the University has under
- consfruction two wastewater ireatment programs which may be implemented in the
coming decade. The: olernchve to be followed awaits pollhccl and financial de-

cisions of others.

1.) Discontinue Treatment of Sewage on Campus

A prerequisite to following this course of action is the authorization, .funding r‘:rél‘ :
construction of a truly regional wastewater collection and treatment system with
“statutory authority to require the University to deliver all or part of its sanitary
sewage to that regional system. The date by which this transfer of treatment re-
‘sponsibility will occur, the authority for such action, and the financial questions
arising from purchase of the existing University sewage treatment plant cnd estab—
lishing ~chorge§ for treatment of campus sewage have not been resolved.

' The implementation of- the alternate will require the installation of a 10,000 ft, 12
to 16 inch pressure line and :pumpmg station to connect with the force main on

- 34th Sfreet. - Estimated construction &osts of this alternate are over $1,000, 000.
Based on the latest ordinance, the anticipated sewage rates for the University fo-
dump its sewage to the regional treatment facility are $1.07 per fhouscnd gallons.
This compares to the present operation of the University sewage plant costs of
$0.24 per fhousond gollans. .

>
-

.
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* 2.). - “Continve Operation‘ef University Séwage Treatment Pldit

. . ' N -— . s . .‘. z
The continued operation df the University of Florida sewage treatment facility to
meet currént and possible future effluent standards wauld require the assignment -
to the University of responqubxhi’y for. trecmng Unlversn‘y wastewater under the

approved reglonal plcn, N " . _

lmplementchoa of this plcn would require construction of a.ddmoncﬂ treatment

~ -units before and after the exusfmg trickling filter and contact stabilization plants.
The upgrading of both*plants would achieve organic, suspended solids and nufrient
removal efficiencies meeting goals set by 1972 Federal.legislation. The &rqect
costs for improvements to SGnlfary sewage fgc:llhes have been é&stimated

SI,VOO 800. - )

-
-

* If the University continues the operation of the existing sewage freatment plant

-~

.under a regional plan, the:reuse of treated wastewater could prove beneficial in
that the quality of the renovated water need only be acceptable to the proposed
use. Thus, the quantity of wastewater requiring cdvcmced wastewater treatment
would be }educed . _ —

3. - Water Reuse | : : ' ~

’

The potential exusfs for an 1US to use renovated wastewater in such non-humqn
contact purposes as cooling tower makeup, flue scrubbers, irrigation, and fire
protechon. While-treated wastewater can®e reused,. the relative amount that

is required for these purposes varies with the utility-configuration. and weather
conditions. In a selective energy system using @ non~condensing turbine, there .
would be no condenser and hence.no cooling tower water makeup requirement

for power.production. Cooling tower makeup for chilled water prodiction varies
significantly with seasons gs-does irrigation water requirements.

a. « Cooling Tower Makeup

v

*

_‘( 'l‘-

‘Sewage plant eFﬂuenf has- been used by a pumber of plants over the years for gooling .
tower makeup and first~hand experiences are documented in the lltercfure. No
- magical skill is requured to adapt wastewater sfrecTs for coolung tower makeup.

3What is normally, required is an in- -depth mveshgc:?on, and the cpphcchon of

»

good wcfer treatment technology. - - -

1.) - OEerchonql Characteristics {f/-;J Xy

7
.

. » v
Corrosion’is usually less severe with sewage effluenf than with fresh.water. Al-
fhough such effluent typlcclly contains hlgh orfhophosphcfe concenfrchons, its

[
s
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fendency for calcium phosphate scqlmg is mh:b:ted by fhe stabulfzmg effect of
organic material that is also typically present in high concentrations. So, proper
control of cycles-of concentratidn and pH, along with the addition of deposit con-
trol agenfs, usually permits higher calc:um pheosphate Ioad:ngs fhan mcy be carried
/in fresh water systems. o . - . . ‘
b *
_The nature of sewage effluents presents a severe microbiological fouling problem
when such water is used as cooling tower makeup. This can be controlled, but af
increased biocide cost.. A combined program of chlorine and nonoxnd:zmg b|o<:1de

add:hon is fypuca“y used to mainkin good conrrol

w

Although there aré reports of some very severe, hard-to-confam focmlng problems,
most sysfems can be controlled with a small amount of anhfoam. N

2.) . Treai‘me'nt and Control . : -
e o . : . ' - .
A number of installations now use lime treated and clarified municipal sewage\
~plant effluent for cooling tower makeup -and even for boiler feedwater makeup
Early applications of treated sewageor cooling tower makeup showed that the.
- problems that appeared could be minimized by pretreatment with lime. More:
recently, however, specifically developed chemical treatment programs , together.
ith careful operating control has-allowed the successful use of fregted séwage
‘Tplant effluent as cooling tower makeup without lime or othég post treatment.

-

v

e

.

e - ' T v . R R y
3.) . Steps to Successful Reuse . b ¢
" The first step in evaluating a waste stream for cooling water makeuvp is a thorough
analysis of that stream. “If thel stream passés the analysis test, the next step is
usually a feasibility study that would, via various tests, determine the streams <

potential for corrosnon,;genercl fouling, scale formation, biological fouling and-
| foamrng, and what treatment would be needed to control such problems. _ *~

TN

The next step is to experiment reusing the wadter md‘he plant cooh%&g tower, starting
at'a low percentage of the makeup and building toward the fmcl desired percentage .

with constant mcamformg of c:orros:on and ‘Foulmg . (r
l N : 2
4) .Usage .- . -

Presently the ceoling towers provide cooling for.the condensing steam turbine

. driven chillers. Given the existing cooling load, approximately 253 billion Btu's
" .are exhausted to the atmosphere per year. Approximately Oe1 gallon of water is
evaporated per 1, 000 Btu's of cooling tower load. Cooling tower water makeup
requirements for evaporation are about 25 million gallons per year. [f absorption
chillers were installed, the evaporation would be increased by 25 percent. Whﬂe

Vii-51

L]



a significant quantity of water is consumed b;evaporg_t-}on,’ the reuse of &{vailable )
sewage plant effluent is less’than 5 percent. RS '

T

b, - lrrigation - N T
1.) Potential Usage . s

Currently an estimated 37 million gallons of treated effluent are used annually for
irrigation. The potential exists fof using about one fourth of the sewage treatment
facility effluent for irrigation. An aesthetic benefit will be reduction of the un-
desirable hydrogen sulf:de-odors now produced by the use of high sulfur well water.

. T

2;) Se;ondpgf ‘Water Distribution System

The ability to use renovated wastewater ¥r irrigation and other purposes presumes
that a secondary water system is available for distribution to the pdints of applica-
tion. The existing system is u series of wells and distribution networks. Although
there are.jumpers’installed between several of these distribution systems, basically
each system is operated individually. Modifications will be necessary to affect
increased use of treated wastewater and a hydraulic analysis of the University
secondary water system is recommended. . 5
Budgetary estimates of the cost of installing the necessary pumps cnd p:pmg to

- make additional irrigation possub!e are placed at 5750 000.

F. * THE IUS SITE

1. - Site Location | | ¥

Figure VII-14 shows a plan view of the recommended site for the IUS facility. The
close proximity to the Heating Plant No. 2 and the sewage treatment plant offers
ease of integration and hence lower associated costs. The site is in fhe area de-
s:gnai’ed by the University for genercl utility expansion progrdms.

2. ~ Interfacing to the Existing System - ‘ .

The primary connections to-the steam distribution system will be through a connec—-
tion to Heating Plant No. 2. The close proximity to the existing facilities will *
allow the joint use of common equipment such as cooling toweri. Furthermore,
the drainage canal from the existing sewage plant passes next td the selected site
which will minimize pumping costs for the reuse &f cooling towdr makeup.

- . - & { , -




é* .~ Fuel Delivery and Storoge | - /

A rmlway presenﬂy exists along Archer Road ond is the log:col chonce for trans= -
‘porting coal to the IUS power plant. As shown in Figure V1I-14, a spur will be -
constructed to the coal storage site. There is a 26 foot dafference in elevation
‘between the railroad and. the propesed. storage site., The ‘spur will be constructed
“between an eNsting parkmg lot4nd Wilmont Gardens onto d frestle which passes
over the proposed coal sforogf\focn lity.

A berm will be construcfed and prope y landscoped -on the exposed sites of the
storage area to, minimize the dushng nd oesthehc problems of cool storage.

- Should the ro:lroad not be qvc_iloble or if construchon of the propos_ed spur should
not be possible, alternfjfe methods of delivery and storage are available. For
example, coal could be’ delivered by rail, stored at a site on University property

to the south of the main campus, and then trucked to fhe power pldnf
| 4
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VIIl. ECONOMIC ANALYSIS | N\

The objective of the econg%r;c'anclysis section is to provide a quantitative picture
‘that shows the dollar savings.resulting from an“lUS.  As in the previous section on
Conceptual Designs, the analysis of the IUS alternates is considered ‘Under the three
subsystem groups: (1) Thermal Electric Generation System, (2) Solid Waste Manage-
ment, and (3) Water Managemenits, : : L

A.  LIFE CYCLE COST ANALYSIS

- The life cycle cost dnalysis resented involves a combination of techriques which
form an economic. model for long term monetary costs. associated with utility systems f
_at the University of Florida. E

-
]

. 1. _ Life Cycle Costs . ' s
All sources of cost attributable to the various alternatesfbyfﬁme period are considered
including initial investment, operation and maintenance; and replacements. The.
effects fof time are incorporated by including allowance for the impact of inflation
on ¢ ‘incurr_ed or revenues generated in future years and allowance for the fact
that dollars spent or received’in thevfuté_re are worth less than dollars spent or re-
ceived today because of the interest expense or lost interest income from those dollars.

\
-

2.  Incremental Analysis

’ - . R - -

In analyzing the economic potential of IUS, .the bdseline (existing) system is con-
sidered first. The alternate designs are examined relative to the baseline. The
‘analysis focuses on the incremental costs, that is, the costs actually generated or - .. -
effected by the altern :vef ' : -

-

«
- - - ) - L]

3. - .'Profii‘a-bilify Megsures L o _ .

Profit is an obvious goal of ihvestment in any enterprise. 'Although in a sefvice in-
, stitution, there are many others; profit is the only one quantifiable-and therefore
. useful for economic evaluation. Albeit a cost avoidance type investment, the same
profit motivations’exist for evaluating the alternates for. supplying.utilities. Four’
measures of profitability are used to determine the investment value of each of the
-{US alternatives considered in this réport, present worth, payback time, saviags to
investment ratio, and interest rate of return. ’ .

ES

a._‘ Present Worth = a _ . : 1' o | ,

o 2 : : - :

The present worth of an alfernate-as evaluated in'this report is the present value of

. . . < . - s .« - ” =

the cost savings of an alternate relative to a base case minus- the present value of>- .

. _ . _
| | = | vili-r - T

- < - - . :
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the net investment of the alternate over the base case. The present values are the

values of all cash flows, discounted to the. start of 6pér6ﬁ_ons (1981). As’such, the -
present worth provides-a measure of the overall savings including c:“owcr;c'es for
" capital and interest that the University will experience by installing the alternative.

% ) X .

b.  _ Payback Time o .

* Payback time is the time'required to get back the. original investment and is calcu=- _
lated by accumulating, year by year _from%‘le_ beginning of operation, the net s
savings realized from the inveéstment. Theespayback time.is equal to the number of
years required to reach that fime when the total dccumu!dfed savings equals the nef -
investment. That is, the total invested cost ‘including interest: at 6.5 percent divided

by the annual savings, both in 1981 constant dollars. The payback time.provides a
. 'measure of the time period over which the apparent ris

-

et ﬁf,_"?&vings to Investment Ratio _

, -

- To show the efficiency of savings produced for each dollar of investment, the sdvings.
* - toinitial investment ratio. has been presenfed.  As defined in the present report, the -

savings fo investment-ratio is the ratio of the present value of an incremental savings -

to the-différence_j in initial investments associated with that-savings. L

4
-

, 3 . R .
-
-~ . . o
’ -

d. . Interest Rate of Return ‘ - o v y 3

1 ‘

P - M a ) - ._~ . . i . .\
Tﬁ?‘afe of return on investment has been shown'using the interest rate of return-as
anfindicator. .The interest rate of return (offen called the discounted cash flow rate -

of return) as calculated in this report ‘is‘fhc_a'_‘-discoup__j' rate for which the payback hmef; o
with interest, is equal’to the assumed operating life of ‘the project. L
S e T L e R S
4 " Economic Factors™ T T - T ' -

- . -
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- The key assumpﬁpns_-'}vhich Férrh.'fﬁc_e-bé—%_is for "év.é’l'ubqﬁh'g the eédriofﬁic-bbféhfia] of .

" the IUS alternatives are: - | S : .
oW ' . . oo . o -, . .. h --" .
a. Energy Prices: ¢ o . L 2 ’

 Based on.the energy assessment. presented earlier in this report, the mid-1976 price

" of fuel and electricity were estimated to be:- - ‘ o

»

k'of investment occurs. \ -

<

-

Er o



_“_ . ' ) ) . C - -U/ \ Ll

" Source _ 0

‘ Elecfrici!z' L L “Unit .. $/Unif : $£~106‘Bru .

: — o X ——% = : o

--Energy . kWh - 0.0219 6.42 Lo
Demand - kW 2.09 . - < T~
Fuel | IR
Fuel Oil Gallon '+ ., 031 . 209 ° . ° ) :
Coal - Ton . ‘ . 35.00 - . 135 :

' 0.81

Natural Gas ‘ "1000 cubic feet - 0.85

s

The electrical energy price is an average of those experienced by the ‘Universify _
during the first six months of 1976 and inclydé; allowances for fuel adjustments. = v
Both the fuel oil and“coal prices are based on low sulfur values. The price of f'u'él ] T
oil is that given by the present supplier-fot laidiin fuel. The coal prices was typical

‘of thase offered by brokers and being paid by siﬁila?gstems with allowances made

for delivery. -~ . S R . -

~ The price of natural_gas:is-the average paid by the University during the past year. .
. As discussed in Section V, ‘natural gas is.not expected to be available when the G
. proposed IUS becomes operational and fuel oil has been assumed as the primary /

- fuel for the existing boilers. The impagt of gas being available is tested in the QO

_ Sensitivity Analysissection.” ¢ h\ ! LT -

. 2

7b - Ti'me.Estimotés./':'v | ) | _ e .

t is 25 years. ' This is consistent withthe .
b os boilers and turbine generatorss— "
r is gssumed for seeking and recefving

- -

- - The ‘operational “time-period for the projet
life expectancy of the.major components $
‘Project ‘c;ons'fruc‘ﬁ-on time is4dyeusand 1y
funding. . ' ‘

-~
Iy

"c.  Interest Rate '

'The interest rate on borraw}ed funds has been assumed to be 6.5 percent. This is.
‘the interest rate on recently issued bonds by the State of Florida for University

- onstruction. -The maximum allowable ipterest rate paid by the state on borrowed
funds.is. 7.5 percent according to state law. "The interést rate on capital funds has

" been used as the discount rate in the present study.

"d.” - “lInflation . N .
The general inflation rate has bedn assumed to be 4 percent per year. Sy
) . . . \ . » h ) .
) - — ., .- .
X vVill-3 . - -
. - N ? _ ¥ .
> - : <

L
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e. "Cost Escdlation = - _ L

P PAN - )

- Cost escalation is defined as the increéhse in price/cost of a particular resource *
relative to those of other resourées. .- ' e

-~

o

Federal Energy Administrations projections (1) for energy escalations relative - .
o general inflgtion have been assumed. For ten years beginning in 1976, price
. escalations are projected for the Southeastern United States as follows: o

- - . “

. nergy Form ) o R Escalation Rate, Percent -
f Electricity 2.3 :
| + " Fuel- Oil " | ’ : 2.2 - .
- .Coal . ' ~0.7 )
| Natural Gas i ) | 4.0 ’
' ' ' LU B

. Affer ten years, the es%la'ﬁon rate wo?:ssumed to be zero,

-~ LN
s

lEguipmenf and Construction X ’ o / o TN
: %

> .
. ~
4 [ {

N !

A1 percent escalation rate on capital installation was assumed. )

. 1 , .
5. Sensitivity Analysis > roo

~

Semsitivity analysis provides an indication ot the risks involved by .feqr'ind\fh-e econom-
ic impact of varying key assumptions for each alternative. - . . -

P

© B.  THERMAL/ELECTRIC GENERATION SYSTEM ,
" A\ . - . . E

The éconoxﬁic feasibility of the alternative conceptual designs for supplying 'héd’fing;' o
cooling, and eleétricity to the University of Florida are preserdfed below.

1. Capital Cost. Estimates

a. - . Initial Investments _ ! .

~ The estimated capital costs for the initial investment of each alternate are given
+ ’in Table VIII-1 by equipment category. The items.included in each category are
given in Table VIIi-2, o o - ]

. ° ) . - k._‘ ’ -. ) -. " . qi . ) :
~.The boiler turbine and generators design ratings for each akltérnate were specified
. as'given in Table VHI-3. Allother equipment was specified relative to these three -

B = J,"“._ i

- k4

un ;fS:. - : - . -

< | B Y [

-

‘f‘ - ,’ - o ] '3_ : . .. T o C - ;;

K ) . '/: : ;
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. 7/ . .'. ‘ /" '/ '
TABLE VIII -1 THERMAUELECTRIC GENERATION SYSTEM |N|TA|. CAPlTL\L COSTS ESTIMATE§
| (INSTALLED COSTS, MID ol - .
| ‘_ | © - Conventional " Select Enengy Altemates
L e | . Allemate 5, L .,
g L | — 7 \ —
v N NewCal o SMW - TOMW 12.5MW  12.5Mw.
- Fied -1+ +Absorption  +Absorption
Equ jmenf Boiler; f B '
s Y Cgm dm om0 o 30
PoIluhon Control Equnpmenr \ gr M TN 855
“Fuel Handling ond Storage A - 398 - 318 7 W
Turbine Generator 0 176 w2 3181
Controls and Electrical Equnpmen’ \ | 209 0 76 127 1290
“Heat Exchongers R 80 AR 0
Pumps e . 8 8. 1N . 206
Papmg Valves and Insulahon 19 407 814 g
Bildng NN S S IR
Miscelltneous Mechapit I,Equnpment <’ S & 1 R V& 13
Distribution Systems * o ,ooT8 4w & 48 640
.General Constructiopr 7 18 R - Y £ oK
B g o ;.,'_,"-. | S
..conmcims'ove;ﬁﬁd ond Profit @.15% AR l'I 1768 1798
Engineering Fees) (I‘pntingencies'@ & - 7 3 S M M - 95
IR “ g9 e el W ik
e T 1 o



TABLE Vlll-z - CAPIT L"EQ_UflPMENT CATEGORY. DESCRIPTIONS

EOILERS - ‘ X \ -_
Spreader stoker boiler at 850 psig, 900° F including all necessary o w
pressure parts, insulation and ‘casing; F.D. and |.D. fans with mofar—drwes, con~
necting flues and ducts,. stoker, soot blowers: with piping, valves a -fittings;
combustign and feedwater conl'rols s economizer; supporf steel, plarformsand
ladders, "dust collector. - . X :

e

WOLLUTION CONTROL EQUIPMENT , -
Baghouse filters and induction fans. Ash handlmg equ:prr@nf ash sulo and |
breeching stack. 4 |

.FUEL HANDLING AND STORAG&;.

- Coal conveyors, storage site preparahons , railroad spur apd. fresfle .

TURBINE GENERATOR - :

- Automatic vanable extraction steam turbines Wll'l'l 3-pﬁase generator.

- CONTROLS AND ELECTRICAL EQUIPMENT . T SR

. Controls and’ mstrumenfahon including control panels, borler controls, data v
logging, pressure gauges, transducers ¢ ond thesmometers . Switchgear,’ fransformers,
and general electric |tems - A

: s
. ‘HEAT EXCHANGERS : : : ]
Feedwater heafers, deaelafor and sforage tanks. Condensers, fubes, and coollng
towers. ' - o :

PUMPS :
Boiler feed, condensate retum, cnrculahon and auxrluary pumps
Heavywall piping, general plplng and curculaflpnnprptng. ngl:-pressure and ‘
high femperafure valves, control valves, dnd spécmlhes :nsulatlon. N

.~ BUILDING ' | T
~ Including foundations, electrlcal work and paint. ' L !

MISCELLANEOUS MECHANICAL EQUlPMENT L s

~ Water treatment, furbme rgom crane. R o —_—
DISTRIBUTION SYSTEMS * R S
Piping, insulation, .expansion joints, valves ’ and cofinections for hot water and

'-steam d:strrbuﬂon. IR o |

GENERAL CONSTRUCTION . - .

® preparahon, landscape, roadways and survey

-‘. . l -

v ,r_.‘...,:"*.._,‘ -, L
W - ‘ ’
CFiqey
o P -‘::. ) .
Y A O T W
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TABLE vm-s- SOIR, TURB!NE GENERATOR DESIGN RATINGS

) k

AUTOMATIC VARIABLE EXTRACTION TURBINE - GENERATCR

' IROTIECONDITION RAING TR RATING -
. Pressure - Temperatre  1000kW . IOOOkVA
. PSiG o OF‘ e ‘ v PR .

ALTERNATE

-CONVENTIONAL AI.TERNATE [
( Ve o o
New CoafBonlers "TZO ’,// 25 - 500 R

*;:.

» - -

<t b . . o i

SHECTENRGY . % R
ALTERNATVES - o T T

5MW o .‘ S 100 . 80 00 /5 Nén-C.qndens:inlg.i 625

qomw . JOO"'( 80 .9640 -5 Non-Condensing 6.2
A ©100 o 850 900 5 . andenSEng 162

bsMy 100 80 0 625 NonCondewsing 9.375

+Absorpﬁon‘ 120 850 -, 900 “'6.25 '~=-Condehsing . S 9375 ]
125 MW 80 ¢ 90 85 Non-Condensmg 9.,375!;'
+Absorphon+LTm 1200 8% - 90 . 6.5 Condensing” ~ 9.375 '

+Absorphon+LTHW._, 0 RN ¢ MR - ,.Nan,-'c_on'denss_ng'_.9",37'5




b. Replacemenrs

- To maintain the existing steam generation cap&bilify, there will be i"eplacements '
~ of 240,000 Ib/hr steaming capacity during the 25-year economic evaluation of the
. préject, as shown in Table VIII-4. All boiler replacements are assumed to be
... packaged oil fired units as per the existing facilities. There will be no replace-

ments required for major equipment installed for each of the alternatives.
¢+ Basis for Capital Cost Estimates S
4 S \ T S ' 3
The estimated capital cost for each Alternate is based on 1976 equipment, material
\/"bnc!‘]qbpr prices. Equipment costs for major items have been obtained from manu-
facturers of équipment with a proven record of reliability. Installation cost esti= -
- mates were either furnished by the vendors or were established from prior experience
" - with comparable projects: =~ . o, L |
A : R . R -
~ 1. Annual Operation and Maintenance Costs o

rd

v

The operation and mainfenancei'é:harges for fHe first year of operations (1981) are
given in_Table VIlI-5. The Basis for these projected costs are as follows.

b-_ ~ Fuel ‘Charg‘e‘s‘ o R .

+

Fuel costs are the product of the evaluated requirements and the projected delivered
fuel prices. "As the amount of elecirical power generation is increased, there is
'+ also an increase in the fuel costs, but this is more than balanced by the reduced

electrical costs., | T

H

b.  Electrical Charges - -
| - R o ot R
. The electrical charges have been separated into energy charges and demand charges.
... The ‘energy charges are the -prbdactg-bf'the' evaluated-fuel requirements and projected. .
electrical energy prices including fuel adjustments. = | . '
che 1C : . .
- The demand charges ‘are based on the difference of projected electrical demands
of the University and the power generation rates of the various alternatives. Com~
pensation for addjonal demand charges from system failures have been included

with the additiongh operation and maintenance charges. . o ;
;“.. .- - | . ‘. . | y ..."l , . - . | . i
€. .. Additiopal Operation and Maintenance Charges s

T he cédfﬁdrﬁ{oﬁe}fificﬁ and mainténance costs ;OI:'}Sin‘g'fl‘Om the operafion-of:rh&- .

- Elil‘cos'ed alternatives include adjustments for labot,. maintenance, purchgsed ufili=, -

. =eg@and chemicals, ‘ash disposal, personnel upgrading, fuel handling, and potential
i ) ‘\77”7 g - . - - - s . - . N

LA o



— . " TABLE VIII-4 - ESTIMATED REPLACEMENT.COSTS
: " (Installed Costs, Mid - 197 6)
. oo 3 - __ y
Lo E . : Boiler
Altemative .- - _ Year’ Capacity Cost™ ~
" - | [ - - $(000)

!

Existing -. . 1986 120 . 729
| e 1991 ‘ /120 729

5 MW Select Energy i 1996 /140 - - B50

.- 10 MW Select Energy 1996 . 40 .. 243

/
1 =
; -
]
H o
{ T
. P
. )
.
! < -
- i -
>
=Y . :
.. -
V.H1-9
- PP -




2

ENERATION SYSTEM * , «~ * ~ .
W981).($1,000,000)

—

Conventional Altemates .

~

Select Energy Alternatives.

- Existing '--Nvew Coal -

| E;pense ]
- System . Fired Boilers’

- -

5 MW

JOMW - 12.5MW. 12.5MW 6,25 MW
: +Absorpt?‘on + Absorption. + Absorpt
' + LTHW + LTHW .

' Eblecfricify,
- Energy.. -
- Deémand

4.90: - 4, '0-

0.87 0.87
-Fuel i
O |

Coal

3.45 ._
1.83 ..
Addmonal 0.19

Operations & ' '

1.7
.51

'_antenance Sy

;Totc:l Annual _
Costs ~ 1981

Percenf
ASavmgs

iRvestment 6,128 e 6,931 ‘12 %1 14,491 14,745 8,640
’ ." \ : . “‘ . CRN
\\\ . -/L\/ 'd:"'-
RS o - o . _ - ) !
§ k PR S S g

J# ‘ .

- 43.8 27,9




charges such as increased charges from system'failures,

L]

;I\' The charges are those over and above those experienced by the existing system. To
provide d frame of reference, the magnitude of the 1976/77 budget for operation

of the exlshng heahng plant is noted.

“ ' .
“lebor - o | $256,000 3 .
_.Electri_cify ' 240,000 - o )
Operating Expenses . | 80,000 | :
$570,000 -

_ The labor charges include wages for 16 operators and 8 mechanics. The electrical

E charges are for electricity purchased over and above that produced by the existing
1000 kW noncondensing turbine. The operating expenses include $8,000 for make-
up water and a like amount for chemlcals. ' )

2. Results of Life Cycle Cost

On the bas:s of balancnng thermal to electric loads, energy charges and demand
charges and fuel alfernahves six energy subsysfems were developed and evaluated

They are:

1 New boilers, coal fired, no power generahon R
2. ‘5 MW select energy plant | I
3. 10 MW select enérgy plantd N
4.  12.5 MW select energy E/nd(gbsorpton chiller | - L
5.-. . 12.5 MW select energy plant, absorption: chlllers, aﬁd fow o \ S
01 temperature hot water distribution system ST T
£ . 6, - 6.25MW S.E plant, absorption chillers and low femperature hot water dlst.
The capital investment for each of these is presented in Table VIII-T and Tables
VIII-Z through VIlI-5 present additional information on the equnpment description
and. provide operah ng an&maintenance and other cost data used in evaluating the
systems. - ) - :
Table Vlll—6 is a presentahon of the profltablln indices for the six 'éases They
are all compared against the baseline; the ex:shn?ut:hty system. AllT show inter
rate of réturn in excess of 20 percent which is very good for a minimu sk projedt. - -
The savings to ipvestment ratio (SIR) for each is above 3 which is ver/dood The
-payback p nod nother important index, is approxlmately four years for each. A
short payback period gives a high confidence level in the economic success of the - -
- project because-su nmporfant variables as fuel cost can be projected much more
| accurately for g/4-year project than for a project having a 1Q-year or more payback.
in summary, a]l of the projects look attrdctive when compared ‘to the Umversn'y s 7~ >

- | A 4 L b S -

-
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TABLE VIII-6 -. INCREMENTAL PROFITABILITY ANALYSIS OF THERMAL ELEC-
| : TRIC GENERATION ALTERNATES RELATIVE TO THE EXISTING
SYSTEM. "~ . . _ , . :

b .

o - Conventional " Select Energy Alternates
Alternate | o

( | Proﬁfqbﬂity - New Coal SMW  10MW | 12.5 MW 12.5MW 6-.25 MW
" Indicators - Fired Boilers - *+ Absorp~  + Absorption + Absorption’
) e o - tion + LTHW + LTHW
_ Present Worth, 26 38 - 55 64 71 .35
'$ {000, 000) | T e
Payback Period, 4.2 34 4T I40 0 ¢ 47 5.0
qurs K : .I ‘ , . o T o
--’~Sm)-in§s f§ Investment _- 3.3 42 . 3.2 3.5 . 3.9 3.4.
: RinO : N S , : P : E

. Interest Rate of Retumn, 244

SN 260 2.4 232 283 - a9
Percent. - : S : .




existing energy sysfem.
The capital cost for the six clferncnves varies from approximately $6 million to
$15 million. Therefore, the return on the incremental investment was investigated.
Table VIII-7 shows the retugn on the incremental investment when considering
successively higher investment levels.. Although the investment for two 120,000
Ib/hr. coal fired boilers to replace the existing boilers looks good, the incremental :
return to go the next levelof investment looks even better. The payback. period is
only 1.1 years for an additional $800,000 to obtain 5 MW of power generation
capability. The other profufcblhfy indices are equally attractive. Thus, whn com=-
- pared to the option of a coal fired-replacement boiler with no power generation ad-
' dition, a 5 MW select energy plant is the best investment.
Upon excmmcf:on of the 10 MW selecf energy -option, a similar pcffernfemerges.
The investment in a 10 MW relative to. a 5 MW is marginally attractive while re-
" quiring a capital expenditure of an additional $6 million. However, for an addi-
tional $1.5 million to go to the next higher increment, the proflfcbnl:fy indices
-lmprove dramatically, resulting in an incremental mferesf rate of return of over
30 percent and a payback of less fhcn fhree years. ‘
To this point, there are fw ‘attractive ophons, ad M‘;elecf ene{?y planf ond
a 12.5 MW select energy plant with absorption gir conditioning. Tooking at .-
Table VII1-6, except for present worth the proflfcblllfy indices for the 5 MW
select energy system are better than fhe ]2 S MW system. However, the question’
‘that should be addressed is whether or nSt thé~gqdditional investment for the added
capability is.attractive when compcred to other investment opportunities. In
_general, the profitability indices.as reflected in the Jast column of TEB\Ie VIiI<7
are good, and thisfadditional in aement is recommefided. - .
‘In either case p.consideration should be given to co\nVerfing the existing steam
distribdtion sysfem to low temperature hot water (L THW). The next to last column’
in Table VIiI-7 shows that a $250,000 investment for the conversion will pay back
‘in less than a year, and yielding over a 30 percent interest rate of return A S|m||cr pay-
: back and” refurn can be expecfed for LTHW on fhe 5 MW case.

.

If fundmg is not available for the total investment, it is possd:le to achieve the
recommended system in increments. For‘example, the first increment could be

. 5 MW select energy option evaluated in Table VIli-7. The total 12.5 MW gith _
absorption chillers could be installed when funds become available. The principle .. .
loss would be_the lcss in &ffective revenue that would\have beé\%gznercfed by the’
Iargersysfemml installation is pursued, it may be irable to consider.
two 6.25 MW steam turbines as mdlcofed in Table VIII-3 as opposed toa 5 MW and
a7.5 MW .

.

T - VIH-13

. ~




TABLE Vill-7 - INCREMENTAL PROFITABILITY ANALYSIS OF SUCGESSIVE 7~

I’NCREMENTS | &
Conv ‘5,MW/ 10 MW/" 12,5 MW/SE 12.5 MW,/SE 12 5 MW/SE
Coal SE SE. ' + Absorption + Absorptian + Absorphon
. s, v, vs. - vs, -« +LTHW vs. VS, -
Existing Corv. 5MW/ - 10MW/ 12 .5 MWY/SE 5 MW/
System - Coal SE SE - . * Absorption. * SE
N . : i . . D - =
;o ‘e - : , o '
Present Worth . B . o L . _
% (000000) ’ 267 11 -8 10 7 16.5. -
. > ...‘-1: . : .
Payback Penod - L - - L
- Years 4,2 1.1 ,_5.4 e 2.6 . 0.9, .. 4.6
Savings To In- . - ',_ - . o :
vestment Ratio 3.3 | 10.1 2.1° 6.1 18.5 _ + 2.8
In'tere.st Rate -
of Return, 7 ' ' _ ' B
Percent "o 24,4 29,5 17.8 31.2 59.4 - 20.4
Incremenfal ;; _ A
. Invesrment _ B o - ' -
- $ (000000) 6.2 0.8 -~ 6.0 1.5 0.25 7.5
Yy . S_ g
) . N\
- ViH=14
) 135
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3. Sensitivity Analysis- o S

o Im

.- _ S S : : : .
' Tables'V111-8 and ViH=9 show the eﬂ'{cf on two of the: key profitability indices

to changes ™ system input data. The input data examined were capital cost, dis~
count.rate, operation and maintenance cost (C_)&M); economic life, general in- .
flation, coal price; oil price, energy escalation above inflation, and natural gas
price. The following is a discussion of the.five profitability indices and their sen~
_ sitivity to changes in these values. - , -

- v
- s . . .

-

P H .
-

a- -Capital Cost. = - P
- I N | LT L P . . . -
The results are relatively insensitive to ‘errors in the capital cost estimgtes. The
-reason is that, the project does not provide uniform annual savings.~ This'is due
to the escalation rates.of certain parameters being significantly highar than the
general inflation rate. =~ . . . T R

. - ) .

»

b.- . Discount Rate ‘

There was no discernable effect in'-chdng_i;ng the discount rate plus or minus one.

-

- .
L. -

percent from the 6.5 percent value used in the study. - This is due to the low value -
. N . -

-,

of the discount rate and the rapid payout time.

‘The O&M cost refer to those costs over-and above both fuel costs and the cost re -
quired to operate the existing system. Since the additional O&M costs, shawn in
~ Figure VIII-5, represent only asmall fraction of the total annual césts, relafively
- large érrors in O&M costs result in small errors in the economic benefits. -

¢ - «

DA

-
.

A "~ Economic Life . __' o L : o LA
Variations in the actual economic tife plus or minus five years from the 25-year
estimate have no effect on payback since the payback time is shorter than any of
these economic analysis periods. There is an approximate
rate of return which is considered negligible. " g

<

"e. Inflation: A ' | N N r

A plus or minus 2 percent vcn:iaﬁpn in'fhe.\genert_JI'#inﬂdrion rate has an approximate
10 percent effect on the profitability indices. .-Although this is not negligible, the - *
profitability indi -es are so attractive-that the overall attractiveness of the project “ .

is not affected, i - * L

Y

V=15 .

'h'

r

ra

-

ly 2 percent effect on interesf -

*

y

e



O.rigi.nql_ o
Valves

- Dlscounf‘Rafe

L. 20 percent

‘ - ‘Coal Price

i TABL.E ‘5"-8 - INTEREST RATE OF RETURN S'ENSITlVlTY’ ANALYS IS

&,,,c

*—_ -
Coal Boilers

onvenhonal.

Alternafe

5 Only :

CO5MW ¢ T

Sele’cf Ew Alterncfes - =
, 25MW T+ -
‘Absorption ;7

04qvv_

'|2 SMW +°
Absorphon u F LTHW

Capital
- +20 percent - .
» = 20 percent

[P

5.5 percent
7S percent L

244>

,_.244' '

244*

g;

+ 20 ;percent

Econom:c Llfe .
25 years
. 35 years

Inflation
@ 2 percent”

@6percent- .

percent

N -20percent -
| ‘/OII Pnce

'+ 20 perceﬁf"-_
-20 percent

Energy &calahon :

O percent
2.percent
4 percent

5 N-c:'tural Gas

33 peicent avail.

.

'=_,Ma.nf &Labor |

- 24,0
- 24,

B

. 33pe ‘ 8.1 -
67 pércent a'vu% 2.9 .

< -

Vlll-

: 20

20.1°

16

174 . 19,0

N

”23,3‘,-;?"

17.4
%.19.4

214

RER R



% . TABLE VIII-9 -PAYBACK TIME SENSITIVITY-ANALYSIS * =~
LR Conventioral < .- - = \“\ | L
N - ' Alternate . .. Select Energy Alrernates'. S
" : Sensitivity - Coal Bo.lers o ' . 12.5MW 125 MW
o Test Only . > 5 MW 10 MW '+ Absorption. - +Absorphon
T ST T Y+ LTHW.

. "Origingl - : - o s e A ’
__,‘.\./alpes e 4.2 - '; 3.4“. 4.1 .. 4.0 P 4;7_'

%W 4.
. 3

6:
--20perceni' oo .g_' o .

' Discount Rclfe S - S
5.5 percent - 4.2 3.4
7,5 pefcent 4.2 - . 3.4

G N ———

Additional O&M . R T L IR |
. l+20percentw_ 4, _ - R
. .-= 20 percent 4

- Ecbnomic;'Life. : :_’
- 25years © . 4,
-« 35 years © 4

Inflation - _ :

. @2percent = - 4

v @ 6 percent” 4.

R P - o
.-Coal Price -~ 3" o LT ~

* 20 percent . -4, S P TR S

3

8 T 4 Y A AR
"zpercent 360 3007 35T FA 0 40

Oll Pnce oy .
| _’ +20 percent . ‘3/2° '
L -20 percent" .

-, .

Energy &cala on -, - -*
0 percent /5,3
- 2 percent . * /’ 4.8
4 percent 4.4
- 33 percent ava:l 5.4 ' A
67 percent ava:l 9.

4
4 .‘.
B vu|-17
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e f. o CoalPrice . - T

ST \!/c_:riafi(':tn_ inm the price of fuel has a significant effect on the IUS profitability
Lo - . indices: < This js due to the major effect of fuel price on the IUS annual .operating
' .. eosts. " As stated before, because of the overall economic attractiveness of the
project, within the range of coal prices fluctuations expected, the project still

" \'r'epresenfs an excellent invesfment. ST
. r. -.’-...- ) ,‘.. - - h S ' _. .-... .~ - ’,‘,
- 9. GCil Price > = - L U e
- Oil prices effect a coal burning:!US‘b"ecéuse l'_L_JS [SrofitgbiI'Ify_'is_‘fn'easured against -
v an oil §red baseline system. Thus, . as oil prices go'up, the coal fired [US looks
more attracfive. The major effect of oil price variation was in the evaluation of

a conventional coal fired thermal energy planf. .

v k" “Fuel and Electricity Escalation R S
4 ; " L, S T L . - - . g

- A major ‘esc':_arag'f—ion of all energy prices would have only. a-minor effect on an IUS ~
.for the University of Florida. The effect that is noted is due to the increase in
* coal prices being projected to be less than the increase in fuel qil prices in the =+
*~ southeast. However; even-if the escalation rates increate above normal inflation,
within the range investigated, the project remains very -attractive.: . '

- ’ . . - - = h
LS [} . " . . P

iV Natoral Gas - -7 Sy N L

“ . . P T e - .

)

- The availability of nafural gas has a surprisinigly small ‘effect on the profitability © - °

indices for the: select ener y alternatives. " The highly 'éfﬁciéh‘f on-site géneration
- of elecfric power. has a major fe'fﬁpe_ri'h\g effect on what would othgrwise have been
_-asignificant adverse effect. ~Examination of the first column in TablesV1I1-8 and

if naturdl gas continues to be available. - .

In summary, ‘although the various sensitivity paramefers investigated had, in some .
cases, a significant effect on the relative profitability values, the absolufe values

~ dre so attractive that the conclusions and recommendations are not-affected.

. . - ) . A . g - ' - i R ”J?’
4. ,° Conclusionssind Recommendations e T .

»

IR A multitude of electric power generation.sizes were considered in opfirr%iz'ihg the:

.. = . overallesystem. ~Although-a recommendation-is made on the calculated values'of - -
L. profitability : t
T exist or be'(;mpo'sed as the project proceeds through the funding process.” For-

example, it is recognized that there is a limit on’ the availability of funds, .and

.5

s .

- A

o VIH=9 r_e:.fle;'c;'fs-- the effect on natural gas competing with coal jn conventional steam .
“-+ 1+ . generation for thermal loads. As would be expected, this effect can be significant . ;o

indices, it is recognized that there may be other constraints that may . 3 a



‘: _
“that I’hls prolecf wnll be eompéhng wlth ofher projects for the funds avo:lable.
Furfhermore, some of these competing projects will be assocuafed with the mission
 objectives of the Unjversn‘y crnd w:ll not have a measure of,pn‘oﬂfabullfy cssocuafed

: w:fh fhem. : * - S : 3

“To provide some. flexlbnllty to the, Umversn‘y in selechng ophons which are wnfhm* |
_their budget, two basic options FoPachuev:ng advantages of 1US are discussed in -~

some detail.. For both the profnfobihfy indices are very attractive.. However,: ,the -

capnfal cost requirements vary over a range of $8 million to $15 million. For this
reason, the return on the incremental investment in going from ‘one ievel of caplfal

s mvesfmenf -to fhe next has been .nveshgated

¢

The recommended system is the 12. 5 MW Selecf Energy sysferrLrpcorporoﬂng absorp- e

tion air ¢ pnditioning and a'low temperature hot water thermal distribution system.
» This systétm’has o871 million presenf worth in 1981 dollars, a 23.3 percent}mferest
- rate of return and is projected to pay for itself in 4.7 years. The CCIprO" rnvw-

e

. ment is Lafhe;.lal:geJ_$l4\LZS_mJ_|J¢Qn_m_]_91é_dQJlar5- - -“v —

s
. _{.\_

pruld |f nof be possnble to budgef fhe 12.5 MW sysfem 1mm;:l\rdtely, ‘the: sysfem* -

can be incremented -and instdlled in fwo phases...A'6.25 MW non-condensing tur—
. birie would be. the first.of € two equdlly sized unfls to go on=line. The first i in=-.
-erement has g $34 8 mllhon present.worth in 1981, dollars, a 22 percent interest

rate of | refurn Gnd a'capital cost of. $86. million in 1976 dollars - “Payback will be '

L in 5 years, , The d;sadvanfoge of i mcremenfahon over the recorhmended system

= supplement the fuel require enfs of fhe boilers.

would be: losf so\nngs during the interim-period. .Conversion of the steam distribu=-"
" tion sysfern. to:low tem eroture hot- water and-the addmon -of absorphon anliers

woufd procede as; funds allow o IR A
c ', scbuo WASTE MAM ENT RS

Incmerahon wnfh heaf recov of the solid wasfe generoted by fhe Umversnl'y of -
Florida and the communlfy wgs examined. The recovered ener'gy would be used to

b3

The. sysfem coplfal costyare given in Table VIII- ]0 for systems incinerating only fhe -

Unlversrfy solid wasfe/and a System sized to burn both the. Universitys and the com~-

munity wasfes. Operpting. and maintenance, expenses and credits are shown in Table '~

- V=11, Based on these costs the economic benefits were ‘calculated on an incre~

mehtal basis using the
results of the mcremenfq

_roflfab'1:fy cnolysns are presented in -Table VIH 12..

resent landfill as the.basis for the: proﬁfob»llfy ona]ysts. _ The: |

As shown in this foble, rhe advonfoges of solid waste mcmerahon wnth heat recovery

are’ mgmfncanf. The interest rate of refprn or investment ranges from .18 to 20 per-
cent depending on the size of the system. The paybaak peridd is relatively insen-
s:f:ve to sysfem size with less than a half year befween the. hlghesf ond lowest.; In

. IR L ;__ ',:-'

-

VIB-19 . e T



o

rAsLE Vlll-JO - SOLID WASTE MANAGEMENT SYSTEM - CAPITAL cost e .
e ESTIMATES $(ooe) -(lnsfclled Cosfs, Mid—]976) s e

. : - » . ' Eshmcfed Llfe, Umvemfy Wcste Umversury

- . L _ - Waste
R R T '75T/D

et ., N : o N - . N o SN - e o e T
S ! ,-‘ SR AT FEA : R S ;

Years -, .. | 25 T/D o & Commun:fy

Jncinerators -~~~ . - T 0 15 205 o '616 ’
- . Ram. Loaders I ) e 18 \ 29 88 .B/
*.Heat Recovery Umfs o 18 119 T -357 :

- Cleanout Tools -~ . . B S 2.
.- Front end loader =~ . .5 .6 o ']2
. Building, Fence & Uhllhes .25 0 T T 12000 300

R Confracfors Overhead & Proﬁl- R S S 206_.
AR _YEnglneerung Fees, Conhngﬁncues L 2380 0 .

- - @ 8°/o R R L SRS " . Q ¥ ‘.
- | 5

v LT
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Loon . - Lo . . - “~ . el . B

B , TABLE VIII-H OPERATION CRED‘IT AND CO\S FOR SOLID WASTE
T HEAT RECOVERY ALTERNATIVES (198]) ($1000) '

Uﬁi?ersify

x

*\ Credlts

. dHeaf Recovery e o _ ‘ . _ : - .
' (Ad‘dmonal Elecfrlcal Generaﬂon)‘ e 175 o n325

mpl-ees — ———=— . 24
; Reduced Road Haul}/ | - o % ]4 .

"_Dump Fees Chcrged Clty | e -4—_' R yye

ExpenSes =
Labor  * T 15 A

| Amhary el SRR S e
I_ Uf:lmes | . _, R C . 8 . . ll N

© Maintenance -~ . - o 40 T g2

~'Net Annual Credits~198% - . -. 1. 333

* Assumes solid waste displacing more expensive fuel oil. .

:l ﬁ

.‘fﬂ‘—"-iﬂ'

o Vlll-2l : |

. ‘;\‘
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| TABLE vm 12 INCREMENTAL PROFITABILITY ANALYSIS OF
c_j . v SOLID WASTE HEAT RECOVERY ALTERNATIVE

(:_; e

. Y"Uni.ver'sifyﬁ PIVUS , 'A _'Un_i‘Versify Plus N

e LT ~ . University - Community -~ ~, Community
k4 o Heaf ‘Recovery . Heat Recovery -~ "Hecr'Reédvery

Proflfab:hfy S

_VS‘.." Lo » . VS.

- :Indicators.’ - | Londflll . Landfili - Umversny Heat Recovery,.' -

. [ j o Tl

" ‘Present Worth, .-

]

-$(000,000) (1981) 13 :

'-'u;.Paybcxck Perlod | .
Years - . s2

o '_'."Savmgs to lnvestmenf N
.Raho - ERTEE. p 4

"Interest Rate of’ Return,

Percent . 20‘0 :

.
‘.
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. '@-a/n)? .cqse:, f(he pcrx"y‘_b‘ackv‘is'wi?hin.G,'yéars /\

1. Yonclusions and, Recommendations . .
. ‘ . R Y a ) . 7 - . o . . A . . .f .
Incorpdyation of solid waste\nsianagement through incineration with heat recovery

.. appearsfuite feasible and should be given serious consideration as an addition to
‘Alternafes B;, C and D. ‘. R S BN ' L

‘e

- . o . . ‘ I » . . E " ‘. v . ; .A
. D. . ECONOMIC BENEFITS ‘OF COMBINING CONVENTIONAL -
' PROGRAMS WITH ANTTOS — .~ -~ - = _

The design'gndfin_sfdlldfidn 6f_ a Total/Select Energy system as envisioned in the :
present study can require 5 years. The short ferm conservation project can be

" system. The apparent investment risk is thus reduced by coupling short term bene-
fits with the long term benefits of an IUS s~ o S

- Generally there aré several options possible in a retrofit program which cdn pro-

e

= Vide similar conservation and economic advantages. While the immediate benefits -
may be equal, the long term benefits, when coupled with an IUS, can be distinctly -

te

o differenfL BT L

. - With coordinated planning of the short term ivestments of utility usage, long term -

“investments of an IUS cdn reduce the energy required to generate utility services.
The conservation and economic benefits of the overall:system are compounded. For

- example), if conservational measures reduce the utility-requirements to 70 percent.

.- .of the original load and the energy requirements to produce a unit of utility service.

+ - ‘isveduced to 80 percent, the overall energy requirements will be 56 percent of the-

original system. .

- . B 1 - .
- . - B
: -

. - .

Y
”
1

- implemented and ®ften paid back within the installation period of a Tofal/Se_lecf_ - i

Y

\\./H-
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X, "ENV!RONM/EN#AL'AND INSTITUTIONAL FACTORS o el

- As'sho‘w_n' in the pre /ious.'sé&:tioné, the implementation of the integrated utility
~system concept can/offer technical and ‘economic advantages to the University of
“ " Flogida. Envirohm/ental and institutional factors which can impact the successful .
" application of rhe/ 1US at the University of Florida are considered in the present
1_Se¢ﬁ9n. | Y . / : ‘ : Lo : . o T o

AL \ENVlkéNM'ENTAl FACTORS' = -

. The purpose i/fhi"s section is to point out those areas of environmental.impact

-~ which are pectliar or important to the 1US, rather than be a complete environmen-
_ tal impact statement.’ The permits required for construction of the proposed [US |
are dis_cqssed/ in the Regulatory Agencies'and Permit Applications Section. . R

{

LS ) Enérgy Consen)aﬁon‘ Lo , ' R S
: .
. _Energy Savings

. The energy savings afforded by an IUS are in several forms. Overall energy savings
“including fuel and purchased electricity is 316.billion Btu per year for Alternate D,

. The energy savings relative to that portion of the existing system vqh'i“ih the 1US is-

.. replacing is.23 percent for select energy Alternate A, -~ LR

R TP
\ .

' .Red_ucecvl Oil onSumptiéfb-

. Tqe coal burhing boilers to be implemented as a part.of the-IUS will displace the
- "buming of 8 million ‘gallons of oil per year for select energy ARernates B, C and
-~ D. areduction of upto 3 million gallons of ¢il per yedr by the commercial power
" supply occurs due to the reduced electrical power purchases. [ =~ o

A

. Energy Re'éo.vel'-y'_-_frqm Solid Waste ... - . _
-l . o ' .. . » : s ) _y S . “~
' " 'Heat recovery from incineration of.the Uni\;ersity solid waste will-be equivalent t6

;' 4 percent of the present University heating requirements... Heat recovery from the
" - -incineration of the City of Gainesville solid waste would be equivalent to 6 percent _

of the present University heating requirements. .t
: 2  Emissions .~ { - - - \ o .

-~ The requirements for environmental standards published by the EPA and state -agen-

- éies'deﬁne minimum levels of air and water quality which regulatory agencies
judge necessary to protect the public héalth, The standards contain’emission’ limits -
-and regulations which in tum determine the limits of equipment. performance allowed.

9 P - . ’ ot . - -
. : . Sk
- - . ) ) L
. . P " . ) .
. . - . ..

- - o . . . . - ST . CIRE & .
! - . T A e (. " ) .
- : s SRR . . .- o - . .3
JAuText provided by ERIC ¢ - . BN T . L. . . . A - P R
‘ _
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a. Redu ced\'[hermal Pol lutuon

Smc’e the effucnency of an lUS is gamed by ut|l124ng exhaust l‘ieat normally expelled
to the- atmosphere, the reductions in thermal pollutuon are proportlonal to the- ‘ f _
sav:ngs |n en.ergy.k : : .‘ : L - ST T
b. ,Reduced Azr Emussuons o L.

Part:culate and sulfur emissions are determmed by regulat:ons and operatuons.
Given the same equipmeént performance the reduction in a—tmospher:c pollut:on -
- will be. proporttonal te the energy sav:ngs. ; | : : ‘ -

- .Boilers. o : L

_The pollutants of pr:mary concern from Fossll-fuel powet plants are sulfure dIOdee,
nitrogen oxides,, particulates and hydrocarbons. The coal fired 1US ptant at the
Uriversity of Florida will generate these select energy ‘pollutants. With approxi-
- mately 50, 000 tons of coal burned 30,000,000 kWh of electricity generated .
annually in the 1US plant, estimated atmospheric emissions for such an operation . -
are given in Table IX-1. The emissions aresbased on collection eff'cnencnes of
99 5 percent for baghouse fulters on c0al fired bo:-lers. a
For the purpose of comparlson, emissions from heatlng plant No 2 and a conven-
tional power plant are presented in Table IX-2. Estimated-emiésions for nearest
Florida Power Corporation generating:station (Crystal River), have been used.
The Crystal River Plant is presently oil fired but has'been directed to convert to
coal firing. And, the emissions. calculated for the equivalent power production
~ at the Crystal River Plant in Table 1X-2 are for a coal fired plant.- Comparison,
between the two tables shows that an 1US plant will substantially lower the total _
| emissions of particulates, 502, and ‘oxides of nitrogen. Hydrocarbonsrand carban -
" 'monoxide emissions will increase by.factors of three and four respectlvely How-
ever, applicable state: and federal emission equivalents will be met by the Us

power plants.

- 1

lncmerators‘ ' T TR e T ~

The'i)m ersity of Florida’ wull ’incmerate 7,000 tons.of solld waste annually with a
potentzal of increasing the tonnage from commumty sources. The emissions:

" generated from solid waste incinerators are shown in Table IX-1.: All qppllcoble
.-Federal, State and local emission: standards can be met by the recommended

o mcmerators. oo

e
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“ . Tqble lX-] Eshmafed Afmospherlc Emlssmns o -
Lt el (For An 1US At The o
‘ L e L Unl_ve_rslty of Florida

S _Boiler Emissions ©  _Incinerator® . Toial
Category =~ TPY ~ Lb/MMBts - TPY Lb/MM Btu IeY .

‘Particulates’ . 16.8(0) 0,02 0.3 0.0, 171
" 502 . . 740 - o 0,.9_9':_"', ©9alie 0419 L "74.'9‘]

“NO, .. 4n. 760 . 10 . 0.23 482

' 63 0.08 3.5 | 077 . 9.5

31 - 004 11,0 - .0.23 42
; .,_'Aldehydes' 2002 o mee LT -— L ,'Q.Z -
o (a) Controlled ‘el Esnons w:fh 99.5% baghouse f:lters bosed on spreader stoker L '
‘emissions ut fly ash reinvection. -
(b) EmISSIOnS based on mulﬂple chamber mdustnal/commerc:m mcmerafor srqndards

For Convent:onal
Umyemty of

| 'Cote'g;a[i :Héahr'ig Pl‘sant Emissions o (_:'r)s-tal River Emissions -

TPV /MMBs - TPY. . Ch/MM B Total "

.- - Particulates ?-__"1'0'.*5,_’._" _.;,_ 002 '. 589 - -lo(a) 9.4

so, 9.4 ‘;.o‘.om 3,60 6a7@ T 3sm

NO, . 13 023 1,408 2.3 1,543
eot T e T 002 - 256 0.4 lass
: HC SRR Y 0003 . .7_.7'_" 0.01° . 95

.Aldehydes - ____ R . L ___ ___ N
(a) Based on Stafe of Flonda Em:ss:on Regulatlons; - |

-- |x-3 - '
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3'.--' - Water Mdndgemént |
: T I _ N -
R -Reduced Waste Water Discharge e

- - EPA standards are directed towards plant effluent, without regard for the final - -
disposal point, whereas in state regulations, the effluent quality that s required -
depends on the existing/and desired quality of the water body ysed for final dis-

o posal. Both the current EPA regulations of 90 percent pollutant removal before
; + Hischarge and the state water quality r'e_quiremen,b‘s for Lake’ Alice are met.
= Reduttion in sewage plant-discharges will'be proportional to fh\e\dncrqase in

treated waste water fer _ir}igqtéprt and process purposes. ”

: . 3 ‘ B . . .- .
.b.(_ - ‘Water Conservation N ; - | : L ‘ ;o \ |
The increased use of ‘rrglai"ed waste water for irrigation purposes can simultan usly - "

. reduce the discharge to Lake; Alice by 20 percent and conserve.a like quantity 6f o
.ground water. ‘The final decisioris for action wifl depend on the Section 208 re- - !

4 | —giénal ._plan§ now being formulated, - * - U e
4. Traffic T L

. R < SN LR s
* The proposed mer'bod- of transporting coal to the 1US site will be by rail. This will
‘require the construction of a rail spur crossing Archer Road. -An avéerage of about
: four cars of coal per day will be required. This is expected to proxn‘d_e’ minirhal
- interference with traffic. T S e s
- Should the construction of the rail spur not be possible, - coat can be trucked to
" the campus. The truck traffic experienced would not be significantly different.
from that required to truck fuel oil to the campus for the existing boilers. - -
"The on-campus truck traffic for incineration of the Univefsity_sqligj' waste wouldbe”
no different than present. The off-campus truck traffic solid swaste transportq- ‘
tion to the Alachua Gounty landfill would be reduced by 80 percent. . If some por-
tion"of City of Gainesvillée solid waste were also incineratesl for heat recovery, the
additional on-campus traffic would be proportional to the ‘&mount of sotid waste -
received. B S . S : o

L.




4 Wl . -

" The proposed site for IUS is in an area des:gnated for future utrhty expansmn dd]O" DO
~ cent to the existing sewage treatment plant a Heating.Plant No, 2. The mstallo-
" tion of TUS will require rémoval of several smlﬁ'l\gq:omry bunlamgs and a metal .
shed. ‘Also an xisting asphalt—paved parking fot will be reduced in size. “If coal” : B!
“is trucked to ca pus, the reserve coal. pile can be mamtamed off-campus cmd' thus .
: reduce the on-c&mpus space requnrements o ' VR

Incrneratron of the@:l\‘asnty solid waste w:ll reduce the volume of landtlll re=
‘Quirements by 95 percent and the ash sent to the landfill will be a dense sterile

: matert Ash from the burmng of coal can: be used for lcndscapmgaq\d landflll ' .-k .
- cover. - - _ ‘ N | - : . __' - 'y
6... . Aesthetlcs T e e o e

Sltmg of the coal fired ahnt and mcmerators w:ll be on Umversuty property next oy
to the existing Heating Plant No. 2 in an area designated for utility expansion.” - /-
- The ‘coal storage site will:be focated between Heating Plant No. Z/and the new -~ °
 power plant and'will be- hidden from sight by earth embankments. Since the. pro=
“jected rail spur will pass-between an existing. parkmg gorage ‘and the Wilmong - - R
" Gardens; care in the consi'ructlon wnll be necessary to mjmmlze the impact on the

landscape of that area. .
B . lNSTlTUTlONAL ACT,'ORS‘-_'_" e T T
f. - Econom:c |mpcc§/ o RN ‘J_"* N A

LR -'The mstaltataon of lUS w:ll requlre consrderab]e capxtcd outlay. Thus, the IUS

'w1|| be in competltl for funds within the University, ‘the State Unive rsity’ System
" ‘and the State &s a'whdle. * *In c:ontrast, increased utility costs with the present _

system : will place pregsures on opercrhng budgets of academic pr*s The im~~

ant economic impact of an IUS is that the IUS w:ll pay for i in ashort -~ |
time and reduce future utility ccsts. e , o R T

2. Labor-and Pers'onnel"

The operatlon and mcmtenance of an integrated utility. system will require hlghly o
qualified personnel. This will be porhcularly true for the operatlon ‘of high pres- . = -
_ sure steam boilers and variable extraction ‘turbine generators. Preseqt heating » - -

- plant operators are knowledgecble in the operation and maintenance of the exist-
‘ing gas/oil fired boilers and the existing 1, 000 kW backpressure turbine. However,

" since the IUS will includea.change in-primary fuels, gn’increase in boiler. opera-

~  -ting temperatures and _pressures, training of present d addut:onal perSonnel will
be requ:red. . o = IX=5 . - SR R | S
R 149 ' LT
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3. Ménbgeméhf and Conirol : .

’ : ‘ . B -'.-‘__ TR ."' '. 3 Lo ' B
.« = The integrated operation of_"uﬁlity systems will make management and control more
- complex than when the subsystems are operated independently. A closer coordi-

.(\ ‘.

nation of the supervisory.personnel will be required, and new dccounting proce- ~

dures may need to be instituted. . .

4. . Fuél <Si.:p;.>ly and Pur_ch'ose-'Confrocfs

Cdo]-supply and _fro::is‘poffdﬁ‘on to the University of Florida are avaijable. 'TA;':d, S

TN . . H )

" while the University has previously burned coal, the establishment of pbrch?&g‘ng
__Procedures will require due consideration: . < T L

- g T om R
. . - . LT : PR . S
F) 4 ) N -

'
-

*  cations have Been identified in !thg-nexrsécfion and the requisite permit application o

5 - Permit Applicatipns ond’Héqfings'; e R

——Q’

L e

- and hearing précedures are noted.” - :. ) -

eements

te

L 6, '.-:;'-'DUmp Fét_-:-s and-uAg-r

- -\,v .
.

. The _brdpdséd IUS does 'nof'spe;:'?fié'qlly ;in\'/ol'v{f'-the. Surfqu'nding_ ééthnitf 'éxii':'ept:\ .

- “in the area of solid'waste manggement.” If the University should incirierate ‘solid -

.. waste from the city and county’, @ sct'i'sf'cl_éfél.'x; ‘working arrangement must-be reached
*- - on how. to handte difficulties that can.arise in such an operation. The handling of

-\ bulk materials  and dump fee

s.are particularly important. For example, if a bulk

item.such as g refrigerator is dumped at the University, ‘the problem arises as to who
S S | -

. is responsiblev'o'r the-remova

- attractive when the credits f

I and disposal.. - -

4

- Heaf recovery from the incineration of }A‘hé"Uni\}e'r’s.ity solid waste is economically

or lower dump fees and less. fransportation are consid-

ered. For the incineration of.community wastes to be economically atfractive to

_ the University, a dump fee payment rate to the University will need to'be established.

‘7.  National Model

TheleS'would be of r;ofiond

- . . -
..

| interest as'a model demonstration of cost effecfive

energy conservation and pollution control . ~Besides being an operating system pro=

- viding economic advantages

and education progroms .

-

to the University, the system*can be used in research

.-Engine‘ering.pe;'FOr,mcnce and design data can be determined by the careful evalua-

“tion of the IUS operation. Enginee
AT -‘

ing students could obtain real life- experience

-~

-

. Thefi'a‘np'le'n-»eni‘é:n'fi'_'on_ozlc an’ JUS will require construction and .opera‘tib;i permits.- The ‘_
. state and Federal agencies responsible for reviewing and approving the permit appli- .

TR

4



**“or water pollution shall be operated, maintairied, constricted, expanded, or modi-

‘with advancedtsystems concepts in power productlon and’ en gy conservohon. The
presentation of workshops and seminars based on the experierdc }gomed with the IUS
could be used to nohonolly promote the beneflcnol'toncepts of an !US o

- C'. REGULATORY AGENCIES AND PERMITS APPLlCA_TJONS

The permlfs requlred for the msfallah on of an 1US at the Umvers:ty of F londo and .

“the regulatory agencies responsuble-.:for approving the opphcohons for permits.are
- _noted below. An activity chart for obfo\mmg the necessary env:ronmenfol perm:fs _

1is shown in Fugure IX- 1

1. ﬂgﬂdo Deparfmenf of Envnronmentol Regulohons (DER)

/ L
No stotlonory msfollohon Wthh wnl\ reosonably be expe ted to be a source of air

—

fied without an appropriate ¢urrently valid pérmit issued by the Department of
Eninronmenfol Regulohons unless exemp‘l‘ed by deportment ru les

.o,

-

2 Qe Alr

5
&

No person. sholl commence consh’uchon or. modlflcohon of %complex air polluhon _
- sources without a permit Erom the department, or other governmental ogency au~
thonzed by. the DER to issue such .a permit. .- : | | .

4
If the DER fi nds, oFter notice, the pr0|ecfed emissions associated with' ony proposed
“complex source may result in the’ follure of the Ambient Air Quality Standards. bemg
achieved and maintdined, the DER may requ:re an opphcohon to be submlh‘ed ond
a permnt requnred prior to construchon Lo

b, . Woter' S S . .

[

person, w:thout written outhor:zahon of the DER "shall dlschorge mto wafers~
“within the state any waste whlch b‘y ltself or in combination with ofher waste sources,

SRR ' Vo
rial (sewage, industrial effluent, runoff from spoil entrapments, storm dramoge, ‘
d other actions. potentially affecting water: quollry) during constriction; or after -,

| -"complehon of the: prqect Applymg for a permif to dredge or. fill constitutes a re-

quest for the BER to issue a water qu ty cemfxcote,, in occordonce wnth PF9]—224 v B

v Chopter 403 Flondo Stotutes T

N LS . ) . ‘_ ’J'\ L.. -:'
P NS 1) TRICIPE
— C ot Ry - ,"_‘ . e - b .

[

i

Woter quohfy cerhf:cofes are: nssued by the DER when a project dlschorges ma- .

-

/‘
A

™

r educes fhe quollty °£ F ecelvmg Wi below the clossnflcohon estobllshed for them. .

-

: .-



» T,
by E: . \
4
SCHEDULE O oocumsms -
1. APPLICATION FORPRMITTO ©
CONSTRUCT WATER POLLUTION
SOURCES. ,

. 5

PR S N
L R
% - o
] o PERMIT;ACWITYCHART_FOR ENVIRONMENTAL PﬁMlTS"
#" ) ,-
FLORIDA DEPARTMENT ~ | ~
© o OF peAln APROVAL
N . Vv nshmuunvs servcel
. ‘ " LOCAL HEALTH OFFICE L, e
‘ ' | . ) T $ |
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| 1 _ OFFICR ¥ '
P .. . ’ .
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o T*_REGIONAL PLANNING COUNCIE * -] - ’ .
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: APPLICATION FOR PERMNT TO OPRRATE

WATER POLLUTION SOURCES.

APPLICATION FOR APROVAL OF BLANS-"
AW, SPECIFICATIONS FOR THE CON-

' STRUCTION OF SANITARY FACII.ITIES

* APRUCATION QR APROVAL OF PLANS.
* AND SPECIFICATIONS FOR A PUBLIC -

WATER SUPPI.Y & STEM

, APPLICATION FOR APROVAL OF PLANS

* AND SPECIFICATIONS FOR ELECTRICAL

, WATERS

GENERATING FACILITIES T

APPLICATION FG! PERMiT TO DIS- .
CHARGE WASTES IN NAVIGABLE



c.  -Electrical Generating Facilities

" Sections 403.501 - 403.516, Florida Statutes, require certification for sites for -
construction of new electrical generating facilities, encompassing both new sites
and expansions on existing sites. The DER, as the agency responsible for certifi-

_cation, has promulgated guidelines for preparing an application for certification = - |
which essentially parallels the ERDA guidelines for environmental impact state-

" ments required for licensing of nuclear power plants. Under these guidelines, an
extensive environmental c:ssessment’s required to identify possible effects of both
fossil fueled and nuclear power plant construction and oper'atiéb on the air quality,

~ ‘water quality, and ecology of the site to be certified. By law, construction.of the
power plant cannot commence jbefore a site has been certified. The DER may take °
up to 12 months to review and act upon ﬂﬁﬂépp)ijt:aﬁon. o

: S ) . ‘ . ,
d. - Permits, 7 s TR o
_ . — ] Ly \

Department of E_r,i_\_/irohmenfgl Regulcﬁ'jon permits are required forthe following:

Air Pollution Sources” - . .- Includes complex air pollution sources. -

. Water Pollution Sources: - o ‘Sewage treatment plant effluent, indusirial
Y A “waste distharge, thermal discharge, leachate

i B from fr-ec_z*m’e'ht Systems, dredge and fill, pri-. "

S Dt R ‘mary water control strictures, solid waste = -

.disposalisite, etc. . S See T

I S A S T ST
N . Permit 1o Icp;is_i_"'r&ct and operate such afacility *~

i

Sewage Warks: L |
Collechon Systems | f, .'Seﬁ'c;éé»éoi!eé'ffof; systems..’ -

TEe tyées of permi.ts i.ssue'dv by the DER ar'e- as fol.lqws_:v . L ‘
) 'l) * Conslﬁ:_qﬁoﬁ Permit - | - ,“ |

2) Operdi'ing q'Ne;v Source Reri;lft; _ A . o | e
3l . "Operating a_n_- Air Pollution Source Perm.if | . | - i
_ 4) i Q[Serdting' q_,.Wc.itef-' _Pdlluﬁc_:n. So&.;rcé Permit

5) Water Pbllufioﬁz'[empordryJ Opefafing Permit . ‘
S B S ra -
i 6) Construction ofCollection Systedg Permit  ~

e . - . .
e T .. .. ’
- 4 . o
’ V ) j .
!

- 7) . Operation of Colléctiqn Sysfe‘m P&rmit’
| I - IX=9

~
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-The application original, plus four copies are fransmitted. The process time is 60

days.- . o - i . ) o o

- 2.. " - Florida Division of State’ Planning

‘a.- " Electrical Generating Facilities -

‘Section 403.505 of the Florida Electrical Power Siting Act requires that each elec- -
trical utility in the State of Florida is required to submit a 10-year site plan to the -
Division of State Planning annually on April 1st. The plan shall date from April

* Ist of the year in which it is submitted and will include: B

-

- A deScripfion_of existing facilities. - .
.= . Aforecast of e_l_eci'rlcg_l power demand. . B
N . ‘ - A forecast of facilities '-reqdiremeni.f,- LT ' o o
¥ L = A de_séripfl'_Qn:-_Of propdéa sites and facilities.” r

T - A prel'irﬁfnary assessment of- environme’nfa'l'veffécfs.<">ff" R

proposed facility sitings. . . . R -

o™

._ 'Lhe Division .o_f State Plcnhing ls required to make a preliminary ::‘»ﬁ.vdy' of each plan
o _él._':bmitted‘, and to'classify ‘each plan’as suitable or unsuitable within 12 months of -
- . receipt.’ The review pr\ocess‘iis_elf will invelve participation: by several agencies

. 'under the ‘coordination of the Division of State Planning. * .-

The electrical power generation facilities of the University.of Florida are not-ex-
- Pected to be subject to the Florida Power Siting Act, and an official opinion from .
-o= the Florida Division of Planning should be obtained. - The Division of State Plan-
“vning should, however, be informed as to the plans for an 1US at the University of -

. Fleridas - T RS e L

‘b. .. ‘Development of Regional Impact =

" - Development of Regional Impact. (DRI) means any- develdpmenfiwhich, because of

-/ its'character; magnitude or location would have a:substantial affect on the health,
safety or welfare of citizens of mpre_l@rj ‘one ‘¢ounty, as defined in Section 380.06

~_ Florida Statutes: DRI applications are supmitted to the local autfiorities for zoning

.- or-rezoning purposes. ' Copiés of the application are-also to be submitted to the

> . Regional Planning Council, and the State Dr\&isi‘on'é_f_{L'cmd 'Planning. The North

BT Genﬁ:q]-f_lgrirdg_-Rgg_l'pna'l' anning.Council, State Division of Land. Planning and _

... other.such, agencies are- spposed 10 supply a feedback to the local duthorities.with-
- in 30 days of submittal. 'They only sefve.an‘advisory role and dé not have ‘the power




‘to deny an application. Plans’deve’!oped by the North C‘enh'ql_Flo_rida Regional
. Planiing Council as to the future. transportation systems (both railroads and roads) - |
in the vicinity of the IUS facility should also be noted. -~ S '
- 3. ~ Florida Department of Health and Rehabilitative Services
‘ Division of Welfare -~ S g ~ . »
*a. °  Public Water Supp& Syste%nﬁ SCE R

No person, pers;ons',' firm, corporation, company, insﬁtution; municipality or
~ ‘community shall install, extend or alter any ‘publi¢ water sUpﬁLy)syst%m without
having first received w_riﬁ'e_ﬁ approval from the Division of I'l,éa!th., - .

_Upon request, : the Divisionof Health shall provide applicdtion forms necessary for
approval of water supply systems. All applications shall be submifted in quadrupli=
cate. -An additional set of all dociments shall be furnished to local health authori= "

,tlgs. .o - : - R - . .

)

~

b.:.  Wels = .

_ﬁlg/wdtep{upply' well shall be ebnstructed or ‘'used until & written permiit from the
_ .Division of Health has first been received by the owner and driller of the well.. . =~
" Before commencing the- construction of a water supply well, it shall be the respon—~ -

-+ .50 from the Division of Health. Form for gpplication for permit shall be obtained -
~from the Division upon request. The dpp ication shall be signed by the dri ller of

- ‘the propbsed well and also by the person, ‘municipal or public utility official, cor= " -

" poration president or other owner of the proposed well. . . - | ' '

e - . -

" 4. . Environmental Protection Agency . -
Under the Federal Water Pollution Control Act Amendments'of 1972 (Publig Law 92-
500) all discharges of pollutants or combinations-pf pollutants from all point sources .

. into the.navigable-waters, the waters of the configuous zone, ‘or the ocean are un-
lawtul and ‘subject to penalties, unless®the discharger has'a NPDES permit or is =
specifically relieved by law or iegulqi'i.or;__’frbrriftl'igg,bb'l‘igdﬁc':n -of obtaining a permit.

b.  The EPA Permit Process ' ..o oo e

b 4

it._ EPA sends a copy of the permit. applicafion to other Fedéral agencies for comments.
‘The application must also receive<ertification from the Florida"DER. After analyzing -

~ alt‘information and comments on the ‘proposed discharge, the EPA Regional Office
‘makes a preliminary decision to issue or deny the permit.. EPA then issues a public

‘sibility of the well drilling contractor{to-make. application and obtain permit todo . .- .

" After receiving the ‘cofnpl‘éféd Aﬁérmilf:qpp_li-caf?bh; theEPA Re’g’:’dondlfc.)ffiﬁe evalud?es” S K

" notice of the permit _applii:qti_-qh__and'ifslint_éhfi'on to issue or deny the permit. - L o

- .

SIS




th
“

.o . . . T L o o
- e - - : ’ a R

’ nfsh:::'!'\is proczss i.s complete, and after givihg the public 30 ddsfs fo comment on
_ Preliminary decision or to request a public hearing, the EP i inis
-fration issues or denies the permit. . - ng, e A Rgg:onal Adminis-

~
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EXHIBIT I

UF/FPC ELECTRIC SERVICE CONTRACT (EXCERPTS) - | . - s
. . ».'._' i (_:, . ~ ‘ . o

R Amendment fo Agreemenf dated November ]O 1948, as amended befween Florldo Power :
. Corporation and the Boord of Regenfs, achng for ond in beholf of I'he Unlversrfy of Florlda. '

- Scnd oonfract covers fumlshlng eléctric service l-o Unwersuty of Flondo at the Umversnty
: 'Su&stohon in Gounesvulle, Florida -

(1) Rafe PerMy(\ - S

" : .. S e -~
5‘ S o T . . . N

- Arﬂcle His hereby superseded ond revused fo read )G(s follows'

Demand Chog B

- e

$15,184 for f'rsfé ooo kw |
- $2.09 per kW For oll in excess of 6, 000 kW

e L _ Enery Chorge o .

i

23 40 mllls per kliowaﬂ'-hour e -
- Itis understood fhof fhe energy charge of. 23 40 mills per -
.- . kilowatt=hour includes: the base fossil fuel cost of 18. 80
mills per. kilowatt-hour as set forfh in the:Company's
‘,sfondard filed retqil Billing ‘Adjustment BA-1, effective -
“August 22, 1975. It is further-understood that in the .
~event said base cost “of fossil fuel is incredsed or de= -
. creased pursuanr to future Orders of the Florida.Public
- . Service Commission, the energy charge set- forfb above .
. shall be evidenced by a letter of éxplanation from the .- -~ =
- Company to the. Board, a copy of whlch sholl be attached .- - *
to the Agreemenf as an’ exh:bnf. '

Ny

T

Bllhng Ad|ustmenfs. -

AIl chorges under fh:s rate are sub|éc:f to fhe Compony s ‘
Billing Adjustments as filed with and cpproved by the - .o
‘_FlOI’ldG Publlc Service Commcssnon from time to time. -

-
Y




2T Minimum Ménthly Bill =~ =
7 . ) ‘The minimum monthly bill shall be Two Dollars and Fifty~
' - -Three Cents ($2.53) per kW based on_the highest demand
established during the preceding twelve (12) months' period; -
" plus equipment rental charges occasioned by University's

request for additional facilities. -

—

| Détéﬁninaﬁon of 'Billv-ing: Demdnd:

 The billing demand will be the maximum thirty-nY¥gite -

.-~ measured demand in kW during the month » but for not less

* -than seventy percent (70%) of the highest demand estab-
L lis_hed'during the. preceding twelve (12) months, '

o (2)-'_‘ Term of Contract: R R

- The temm of this contract shall be for o ten-year period fromthe ~
... ..effective date of this amendment (January 5, 1966) and »thereqfter;/
* . shall be automatically renewable on an annual basis. This -~ = 7 ..
- confrq‘cf may be terminated .at the end of any contract period by
. - either party notifying the other party in writing. of its intention
' _to teminate, which notification shall be given not latter than
. - . 'nine months prior to date of termination. Such notification shall -
*  begiven by the Company to the Board by serving same ‘upon the
" ... Board of Regents at its office in Tallahassee, Floridd, and shall.
" be given to the Company by the Board by serving same upon the
& . ..  Presidentof the_'Compd'py at the general office in St. Petersburg, -
. -~ Florida. Such notices may be served by depositing same in the’
' .'United States mail, under. registered o certified cover, addressed =~
o o ; as,aforesaid!, ,. ‘ ': . . - R . _ o .
(3) . Character and Point of Service: KU

S - The chardcter of service shall be continuous service, alternating
' ‘current, 60 cycle, 3 phase wye furnished at the Company's = _
‘University of Florida §ubstat_i_on",with'fl""qnsmis'siori‘fumished to the '
voltage of the University's distribution system and measured by

-

SRR i voltage fumnished to the 'University'_'s' distribution system. a

cia (4) "Ft.:ci-liﬁ'es To Be l.i’rovided?B.y“the.Comp.a:rviy_ S
The bompmy will provide-fwo?way tranSrni_ssiOn service  with
- automatic sectionalizing to the University of Florida substation.

. a
1 : : B

s

- metering equipment fumished arid installed by the Company at the -~ 1  ‘



«

)

5*
The Company wrll install and mamfam nZecessary transformers,
regulating equipment and circuit breakers, together with -
apparatus required to provrde regu\ated voltage at the pomt
of delivery. - -~ . . - W _ o

‘

Equy_menf Rental'

St .

-

: Eqmpmeﬂf and facxlmes beyond the:Company's Umversrl'y of
- Florida substation shalf be fumished and maintained by the
,_Board The Board may request the Company to fumnish such
addmonal equipment and the Company may fumish, install
and maintain such additional equipment charging the Board
for the use thereofrat the rate of ]%% per month of the
lnsfalled cost.of such. addmonal equrpmenf.

a The Board at its pleasure may purchase all or parf oF the equrp-
.~ ment-and fgcilities rented from the Company at their depreciated
. value. Dffpreciation will bé\calculafed at an annual depreciation

' rate of 3.043% per year. -

“In the event of the fermmahon of fhns agreement by the Board
of Regents and the Company's service to the main campus of
the University being discontinued, the Board. shall purchase -
from the Company any rental facilities installed under this
provrsron offechve as of fhe fermmahon  of the agreemenf. .
ghr to Operai'e Genenahng Facrlmes- ; Lo '

g

v ot et

~

Parallel operahon of the- Umverslfy"s elecfrlc generators wrfh
“the Company’s system is permissible provided an adequate -
protection scheme is installed by the Universityxand that such
protection scheme meets with the approval of the Company's
‘engineers. The University shall notify the Company of any
*changes in rfs generahng capacity prlor to any changes belng
made., . . . : . )

&

Y



T GEXHBIT i ¢ e T R R |
 FEDERAL POWER COMMISSION GAS' CURTAILMENT PRIORITIES ORDER NO. 467-8 - -

(1) -“_R'e.lé,identid'l; 'é:'nc;:!'"l' Cgmm_erc;.iq’l, ,.(Jéss rhqnqo _N_\c‘f }Sn a peak'day).  ~ |
(2) Large comfr'_ierci;: | réQdiremenh (50 Mc! or more on a péak dqy)-, ﬁrm indus~
trial requirements for plant protection,” feedstocks and process needs s and

- :'?el ine customer storage injection requirements. R ‘-
(3) I industrial requirements not specified in (2), (4), 3, (6), (7), (8) or'(_9). o
(4 Fim industrial requirements for boiler .fuel use at less than 3,000 Mcf per - .
., day, but'more than 1, 00 Mcf per day, where alternate fuel capabilities . -
’}Q,Oﬂ meet such require enfs. R s ’ Lok 3

“-j"_"(5)-'. : F:rm iﬁdﬁsﬂ'ri_c'::l_?;équiré;rih@f;s for {arge volume (3,000:-Mcf or more per day):
= ... = boiler fuél us& wheré alternate fuel capabilities’ can meet such requirements.
- ‘ . Sy .. 2 . S

- (8) - -Interruptible rgquirémenfs of more than 300 Mcf per day, but less than ],500'
o “Méf__'pgr_ day, where alternative fuel capabilities can meet such-requirements.

7) lnt’eﬁwpﬁble requirements of intermediate Qoldmes (from 1,500 Mcf per dQ):
through 3,000 Mcf per day), where alternate fuel capabilities.can meet such

requirements, . .. _ i . < e

. (83 _ lnterrup'ti.ble Fequfré;meﬁts dfm_or_e than 3,000 Mcf 'per day, but Vless‘i;ha’n'" '
10,000 Mcf per day, wherg alternate fugl capabilities can meet such require-

| mentsg“ - o SO R Ty

. '_ (9) ' lnté&upi’iHe requirements .of more than 10,000 Mcf ’pef day, where altena-
tive fuel capabilities can meet such reéquirements. - R L
T . -. - - -. - ._ ~ - - . oo . . . ) - . - " L. -

u

.- e N . -
. X-4 ol
1 N i : -
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EXHIBIT lll - HEAT BALANCES

“‘l'he startlng pomt for a steam power plant desrgn is the preparatlon oT a turblne/

boiler heat balance. ' This'heat balance is an extensive calculation yielding the
expected state and quantity of steam and water flows in all parts of the cycle. "
Given the design conditions for each item of steam cycle equlpment, the perfor-

+ .mance of the power plant as a who?e can’ be determmed. ,

The preparatlon of turbme/bouler heat baland"es for a modern dual purpose unit'is an
extensive process. Furthermore, with the emphasas on energy conservation,the need‘

** arises for evaluating various alteratives to-determine plant cycles which maximize

f"n

. A. HARDWAR,(T']ARACTERI‘STICS AND OPER'ATING CONDlTIONS o
#fore the calculatlok of a heat balance can be performed the turbme/bouler and
“The heart of a steam power station is the: steam turb’me. It con ;5 o

- are given in the enery balance tables. : .

2. 'v Feedwater Heatmg Cycles

“the plant, efficiencys A computer program which can bejﬁr{l{ arraﬁ'ged to simu-

- late power cycle flow sheets was used-to calculate ‘the heat b€lances fors”the case
evaluated in this. Feasnblltty study. :

-

associated equipment .characteristics as well as ‘opera y condrhons must be specl- .

waed.

I Avutomatic Variable Extraction Turbine/ Gene'r'ator

the state of the

"G“

steam at each point of the cycle and produces the power required fo generate elec-

trical ovtput. A.complete description of the turbine characteristics is included in
- the program for calculating turbine heat balances. The design patameters selected

-

"The feed:vatet heater arrangements showrr in Flgures Vll—4 and Vll-6 were. used in.
. the feedwater heatmg cycle. .The selectron oF economncal feedwater heatlng cycles L

is dlscussed in Sectlon Vil.

“
* -

3. - Operatmg Pressures and Temperatures e ‘ '.

. , . , ~ -

: “ .The condltrons for flows at the important points of the turbln.e cycle are glven in the "
energy balance table. Turbine inlet and extraction condition selection have been

discussed in Section VIl.. The condenser pressure is that expected to be obtained
from available circulating water and assumed condenser design. - . - .

~



" B. _' BASIS O/CALCU[AT‘IONS ’

_The heat balantes shown in Tables E 111-1 and E 111-2 are based on a net heat

-

extraction of 100,000,000 BTU/hr from four different points of the cycles shown in

Figures. VII~4 und VII-6. RN ‘ o L N

The net’heat supplied to the process is total heat in the steam fed to the process at .
the given extraction pressure minus the heat in returns from the process that include
* process condensate plus makeup boiler feedwater required to replace steam condensate-
Jost .in the process and in boiler blowdown., . | BT N o

‘.
v . -
~ g
® .-

L _ The ‘individual load heat balances have been Used to evaluate the performahce of
the, combined loads by linear superposition. This is possible because the equipment
used in the options presented in this report will have full utilization as base Joaded -

~ units. Hence, the design operating conditions: can be used to evaluate fhe system
performance and partial load characteristics need not be"considered within the;
accuracy of the present knowledge of the expected equipment performance.” ™

C. PLANT PERFORMAN CE T T

The cémpUtek calculations evaluate "fh_e_peffb'rmanc.:e’ of all components of g power

cycle. They include numerical datd on size, quantity, ‘pressure, temperatwre, en--

:‘;lf&, power and the like to eadh piece of apparatus used in the plant. 'Being

-«

T

simolations of real equipment, the cal culations contain all necessary allowances for

e actual performance of each component. Heat balances can be no more exact = » .
‘than the understanding, interpretation, and. correctness of the equipment performance
data which are used. A summary of the plant performance for the assumed extraction -
heat loads is given by the final portions of Tables E HI-1 and E NHI2. c :

1. NetpPlant Power-SendOut - . CL =

~

- The net plant power send out is the power available qt the generator terminals minus’
the auxiliary powet requirements. S :

2, . Plant Realization Ratio | X ) S S

. cotL T ) _-_ L - ’ . T, " R -
Since no heat balance calculation <an include allowance fér all losses that occur
’ in a real plant, such as soot blowing, blowdown, makeup, gland leakage, steam - -
.~ driven-auxiliaries, and banking, it is necessary to apply an overall plant realization

ratio to the computed figures. - -~ = e
" Y T T *
3. . Boiler Steam g@:re o - R
- The boiler capacity can'be determined ffom.the required boiler steam rate whch
is the throttle steam rate divided by the plant realjzation ratio. B
| ) ox=6 o\




-

-

'4.."" Plant Fuel Requfrement . oo R T _. x

The pTont fuel requurement is the boiler Fuel requ:red to provrde the throﬂle steom

' 'dwnded by the plant reolm raho.

o

The fuel cl:lorgeoble to providmg process heat is def‘ned as the net heot supplned to
the process divided by the boiler efficiency and the plont realization ratio. This is
a conservative value when cempared to the equivalent overal | fuel requirements to
supply. the same heat to the process with a conventional oiler since all auxiliary -

.. power requnremenfs have been charged ogomst the electrlco] ywer produchon. _

-

6. Fuel Chorgeoble to Power ,

. = \ . - .
. Fuel chargeable to power generohon in a dual purpose power piqntés a good mea-

sure of how effectively heat is converted 1o shaft power or kilowatts, By defiition,

" the fuel chargeable to power |is. the incremental fuel that must be, supplied to the -

,5."_.-..

bozler to generote power wh:fe supplymg the spec:fled net proce:fs heot LR ey

~ Ty

-..

.5, Fuel Chorgeoble to Process IS I SR

{ . e

-k

ot

: " N . B
~. : » “w . - .. - I

-

7.. Thermol Eﬁ'c:ency S IR Lo i

The thermal eﬁ'ncnency of the cycle is defmed as the sum of the net heat to- fhe
- process and the Btu equivalent of the net plant power send out dnvsded by the.
plant fuel requ:remenfs. o : o

- .

_ _8». ’ Eleqtrlcol/ﬁeot Rote R . o | .

The e|ectr|co| heat rate isa porometer that can be used to compare the efﬁc:ency of _

=

_power generonon for dafferent e‘nergy supply systems.

The fuel energy requured to generate by-—product power is less than half that requnred
by a convennonol power station to generate the same quantity of electricity. For
the present case, the bus bar hedt rate of Florida Power Corporation is 10,372 Btu/

-+ kWh. Hence, the-l1, 275 Btu of fuel are required to generate and transmit one

kilowatt of elec'h{:cﬂy to the University of Florida if the transmission Iosses are
assumed as being typically 8 percent. The heat rates for by-product power for the .
¢process steam extractidps are about.4,500 Btu/kWh. These highly fqvoralﬁ by-

of a select or totol enetgy system. |

- 9.”‘ - Power to Heot Generohon Roho Lo, S

.a"

The power to heat generohon heof ratio is deFmed as i-he net plant power send out.
dlwded by the et useful process heat supphed from the iurbme and boller cycle. -

,X-7

B _4“‘-.

‘ _- . . .
. -

el : . B o : -
- . .

. product power heat j§ are the key "i'o the energy savings and ecohomic aglvantage:. ‘ -

4
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"5 Pressure at Stop Valve, psia

"' Extraction Erithalpy Bfu/ lb
" -Drain Enfhclpy, Bfu/lb

¥

TAREE K

-~

| ‘PROC/ ESS EXTRACTIO\I STEAM

Pressure, psia .
'_ _.Sream Flow. Rate, lbs/]'tr

TURBINE- . . & .
B Throﬂle Sfeam Flow, Ibsﬂw

* Temperature af-Stop Valve, F.

. Steam Enthalpy, Btu/tb. -n PR

- Engme Efﬂcnency , %

| ‘EXTRACTION DRAIN COOLED
FEEDWATER HEATER -
Water Flow to Heater, Ib/hr. -

. Turbine Stage Pressure, psna |

Heater Shell Pressure, psia
~ . Teminal Tempercfure Diff., F.'
Drain Cooler Approach, F. =

 Feedwater Temperofure Ouf F.. B

. Water Enthalpy Out. “Btu/lb

Exfrcchon Requnred lb

‘."'13445

'.', 9705
y . (

TWO FEEDWATER HEATER NONCONDENSING TURBINE
BOILER HEAT BALANCES L

o _BAS°IS 100 '000 Bru/hr Nef Hec’r Exfracfed from Cycle

. o

%

8 3<_sz ' 90,144
103 560 n 73

bl 8500 85000

| 900" a0
14954 N ) :1-'1‘-,454 -.—
75 o , 75

,_10,3,560‘ S | 87/ B
2655
285 S

]0 . A0 .
99,8 ;.‘ 399.8.

74 5‘ 374, 5

283% # 1-0 528833 6

2

o T -l S
LA . .
NI '
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:01]-)"( : o

BOILER .
-_'Degrees Superheaf

.- Enthalpy At.Feed, Bfu/lb o
' -Heat Added: to Sfeam, 10 Bfuﬂ'lr IR
-1 Boiler’ EFf'c:ency, % g
Hem‘ Supphed in Fuel 'lO Bfu/]'ir'._":.f-f

Tofal Shaft Power, KW
| Genercfor Losses, KW -
Gross Loqd Generafor Termmcls KW.'

e T
",.e

“‘TABLE E x 1 (Conhnued)

: _"._EXHAUST CONTACT = Q;r" P
. FEEDWATER HEATER AND - * L
- DEAREATOR .. | 5- R '
" Turbine Stage’ Pressure, psmyﬁ

" Extraction Enthalpy, Bty b.

- . Heater Shell Pressure, psi
| t_'Waher Temperature In, F. R
- Drain Temperature, F.. = *~

" Water Enthalpy¥h, Btu/lb S
. Drain Enthalpy, Btu/Ib. N

"-‘5‘""'Exfrachon Requured Ib /hr |

: TUR,B,INE GENERATOR o |
_Turblhe Shaft Power by Section %

-Ist Extraction, KW .
 Exhaust, KW o

PLANT PERFORMANCE e
: "':--Auxdlary Power, KW " -
 Net Plant Electric Send-oui- KW}. _- |
__-'-_7,.‘Planf Reahzafwn Raho R R

\) PR

13301

1 215.8

12,716

S 3308 -
17
3,670

147 .

L A8
v '374:.5 '\*. ' ; ! ‘ .
| B .' ‘. ] ]].8 '.:" L . T-'_‘: ,.'.:

: 1 ]88
285
148 ]jff ._
e

s

- .
,

} 188
.28. 5‘
1l48 3
247 4

- 138.6
_;’ . 215.8
- 12,009

'.3‘618 |

L. ‘_:.‘_6'527, "
26]".," o

"374.5

. ,'l. . v'.
PR k .
. ' -
TN -, . . . T -
el K ' e
. - e
'

. 404
5862

3748

B AW

.96
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Bonler Sfeom Rafe, ]03 lb /g ST 107 9 B
’Plam‘ Fiel Requirements, 10~ Ar © +:138. 6 o _150 9
. -Fuel Chargeable to Process, 1D Bfu/hr. ]24 R ) B
* Fuel Chargeable to Powery 10~ B - /hr. .14 6 26, 9
- Thermal Effic iciency, %. . f- '.:f':' ~ 80. 0 - 79, 5
Elecmcal' Heat Rate, Btu/! KWH_ T 4 1632, 4 /589
Power to Heat Generation, Rcho, - 31 5 | 58 6

KWH/106 Bho -




;:'---"'TURBINE |
- Throttle: Steam Flow, Ibs/hr
7 Pressure of Stap Valve, psia
TemBérafure at Stop Valve, F
. Steam Enthalpy, Bu/ . __
- '-‘Engme Eff’cnency, % o i 75;-“

_525125>€tA'.f

\

. ve . :
A . ' ¢
w1

BOILER HEAT BALANCES: -

PRdu.ESS EXTRACTION smw L
"E,'s;"."-"Pressure, psia: " 25
";”.-":”.‘»"‘Steam Flow Rafe, lbs/h:

L EXTRACTION - DRAIN o0l
. FEEDWATER HEATER
. Water Flow to Heafer, lb/hr
Turbine. Sfoge P;essure, psia
" Heater Shell Pressure, psia- -

. Temninal Temperature Diff. F."';“? s '390 L
" Drain CoolerApproach Fo. -"‘TO‘O
"+ Feedwater Temperature Out, F.
. Water Enthalpy Qut., Btu/lb '
"..-".I"Exfrccﬂon Enthalpy, Bt/ Ib. -
- Drain Enthalpy, Btu/ib,

Exfractlon Requrred Ib /hr. o

' *l . s

- -81~,367"

104,326
- 00
900.0,
14540

75_ | '.-‘
90 ]44

;;lf3;157 ‘,

8500
_ 900.0 :
14540 .

' “«113':,157‘ =
oo
SRS
CooRo
2100
3.8
f_,":'374§5;.~.
13445 -

- 283.6
10,785

,-;;f'f:jf:TABLE 3 x-z IJREE FEEDWATER HEATER, CONDENSING*TURBINE

,, Sl b 100,00 Bfu/hr Net Hea Eericted from Cycle o

SRl AN
850,07
900.0
R A0

95
205.0 -

2%8.5
30

10.0
39,8

s
%836
P s

, ) v - ‘..“ :I':'._ , . ~ . . ‘ V' ‘ .
.v , \‘ X . . ‘ . .
: k :I;; : A‘ " ' ': ' / . L .
N ot L . Lo .
-, b o ’ . \ . .“,"‘A‘ X

K

g ‘i

113104 @

138;150 " -'

&, o;..;;'.g
1 a5k

138,150
20,0 -
28,5 ©

-3.0

0.0
0.8
3745
1,345
. 283.‘6'  §
1316



TABLE- E\X-2 (Conhnued) E% . N 3

e 2nd EXTRACTION DRA}N COOLED‘ ° —_—
‘VA"'-'rFEEDWATER HEATER N S P
.. Water Flowfo Heater, lb/hr 1044326 113 Lg7 1]9 55'3 1]38 150‘7";“ |
" Turbine Stoge Pressure, psig 75,0 \75 00 et 75. 0 75,0
" Heater Shell, Pressure; psia N TA 7.5 }' 6.5 ?;_"67.5-_ ’
o Termma‘l Temperature Duff‘, F TR 0_ SR <P R ) 0 i 30

o Dram Cooler Approach, F. - '- 0.0 10,00 00 00

o ‘_anfer Temper‘nture Out, F 303 5 303 5 .'.. 303.5 f _.3_0.3_5_'1_'
" Water Enthalgy Out, Bfu/lb ,' 7. 4”%:-?,; 34 734, 234
" ¢ ExtroictionEnthi Ipy, Bfu/lb 1247.3 1247 3o 1 2473 _l 2473 -
. Droin Entholgy, Bto/lbi- WL B2 TS B B/
;-j,;&,:;Exfmcﬁon Requnred Ibﬂw | 4 /902 5 317-» .-_‘ _5,}617 ST .

3rd£XTRACTlON CO.NTAC]'.;--f.""'.'ig’“"-'ﬁhﬁ, S . I I
. FEEDWATER HEATER AND I A ! . e
" DEAREATOR AT e e N e
".."Turbme Sfage Pressure, psuc; » 30 0 | 30,0.' oo 30 0 30 0'-‘ o
-+ Extraction. Enfhalp)', Brfu/lb 1 1880 1 1880 . | ] 188.0. 1, 188.0.
Heater Shell Pressyre, psia. s ey " 28:5 285 . 8.5 85

S Wcter Temperature In, F. -~ 148:/ ‘}70 o ]7Q 0 - 116.2
' PR B . 77 SRR v 7 S V) 7.4

| el—x 1

" Drain Temperafure,F R
" Water Enthalpy In, Bto/lb, - | Ti6d 138.4
> Drain Enthalpy, Bty/lb. *~

O 1% N ) X SR

s 2058 - 2158
| Exfrachon Reqmred Ib: /hr.’l R _-8 ]16 6K

Gl nse

Cconpens® ¢ U
. Exhoust Enthatpy | | R B T 1,039.3
© Steam Flow, |b /hr LA o 0 0 - 104,629
. Pressure, psia - : T - LS
. Hof-WeH_Temperafqre,',F., o e . L. 1]5 7
© Mot-Well bntbalpy, Bro/b.  { - . oL g

R VS B



- - ) o D B N P ’ N )
";".I, R ' . Lo L e W N " R L
ic“ L. e ) - e e WU L . ‘.'f .
' co . B . v [ AT ot
-2(Conhnued) | SRR | S R
. » . . ' A ) L . oY -,
. o ”y . T . .

e TURB[NE GENERATOR
| Turbme Shaft Power by Sechon

s Exfrachon , KW
2no‘ ‘Extraction, KW
3nd Extrachon ' KW

RS

T Ge '3 'afor J.osses KW

| .
! . S et '-- L N
Cwt - ot .
a " owd .
, oot i IR h P
.

IRCRPTRECE

Lﬁ; j gss. Locd Gene

'h

 Exhaust, KW- -
A 'Total Shaft Power, KW

rofor Termmals, ](W

Degrees Super teat ;- b |
Bfu/lb6

| "EnthalpyAfF |
" Heaf Added fo Steam; 10" Bruﬂ@t\‘ }
" Boiler Eff'tlency, % .. 4 -
- '-_"_, sHeaf Supphed in. Fue}‘; ]0 BW}" g

PU\NT PERFORMANCE con
~ Auxiliary Power, KW. - -
" Net Plant Electric Send- Out, KW *
* .+ Plont Realization Ratig
" Boiler Steam Rate, 10 b,
Plont Fuel Requirements,: 10 B /hr 2
~ Fuel Chargeable to Process, 1
- Fuel Chargeable to Power, 10” Bfuﬂw ,
o -Thermol tficiency, % 4
Electrical Heat Rate, Bfu/K’WH

eneration %aﬁd

o KWH/]O Bfu

e - 1,,__1' T

, . N ‘., K _|' ““ -

I B T
PR '

Bfu/Br

3 348
e
]41

0\

3 860 .
155°
3»705

45
e
R X

e

3 326
96
]08 6
139.6

0
15.4& g
LA
;4,65.9 .
.599

79.8
4 691

B3

3 631

-5 e
266-".‘ L )
6 A

: 7'.,.,3'74. g ; g
2
M58

2 9351 :;s';jf:;;; b

412
5 988
96

1179 |

519

7.9

124,0 ,'

o436

T 9'17 °

.9

| 1246

60,1

124.0

- 3.2

793
4446

792

3 599‘
L 4,559{
TN T Xy S
LR/ I

g 8

3745

e, I

S84

4

\' 1849

49
13",536- o
96

1439 ¢
1849 |
-0

g
13 659 |
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‘.TAB"LE“E ';,x;é'f(c\qa’ﬁnu'ed)f L

2ROCESS EXIRACTION STEAM L n e
Mesre i )265 SR
gteam Flow Rofe, Ibs/hr - 81 367 90 ]44 S

i
»‘rﬁ‘-. .

TURBINE

ThrotfleSteom Flow, lbs/%r. 104 TR *us 1;,7."

?ressure at Stop Vave, psia ' '3~ 3 8500 | 8500
Tempérafure at S%p Vclve, "f:-. ©900.D

Steam Enthalpy,. Btu/lb ““““ S 1,454,
Engme Efﬁclency, %’ SR

14540

lst EXTRACTION DRAIN COOLED
FEEDWATERHEATRR

Water Flow fo Heater, lb/hr, = - 104 326 'i". '3-.:]]3;157:-7 ‘:
Tqrbme Stage Pressure, psia %50 %500

Meater Shell Pressure,"psia. ~ 238.5 C 28BS -
Teminal Temperature Diff., F. ~ =3.0 -3¢
Drdin Cooler Approach, F, e ,10"0', n

Feedwater Temperature Out, F. ¢ 3%9.8 "~ "3%.8
Water Enthalpy Qut., Bhu/lb, - J45 345

Extraction Entholpy, Btu/b, 1,345 L3S
Drain Enthelpy, Bro/b, ( B M

Exfractlon Requnred lb /hr RALE f -10,'785

9000.

Yoo
/,' . o K
75 BRI '_c'- .
) ’
PR Y S
'. “ S

n9 5..3:.-;,,1-'
8500
00

_Hl Bh0

‘11, 553 FR
LA
VA5
R 1oo€

3998,,,

45

1 U, 5{'

" 2836

113955‘,

138
2%k
. 28, 5,;i~~,
o ,.;_\'.‘ ,_3 0‘

15
4,_,104_',629

| 138 150'-:.[
8500'
900 0(
] 4540
ST

10,0
399 B
s

1 M5
283,60

13 167’



., rABLEExz i B f e \ N

;7;;-'_2nd EXTRACTION DRAIN COOLED -\ B T
- FEEDWATERHEATRR =~ . ', T IR AR .
 Water Elow to° Heater, lb/hr. :, ]04,326 ] ]3 757;_.. g
" Turbine Stoge Pressire; ¢ psrc TR0 750 75,0
< Heater Shell: Pressure, psia - f o '. YA 67 57" e 67,
;'-."5"‘.;Termmol Temperoture D_rff F. . -3.0;_’:?; CLTe30 S Ly
o ler Approach, F, -j 06 00, A
| B 303 5 ..-h-.' 303 5 , ¥ 3. '-
Worer Enrholpy Out, Bru/lb B NG Ao, 47 m,

- Extraiction Entholpy, Bruﬂb 1247 R RN 7 I
+ Drain: Enfhalpy, Bru/lb 231 v ,',';f-l"";j;.23.1'.2 S,
gf_-.;f:Extruchon Reqmred ib/hr . 4 902 o 53]7 R )

?”.}’(3rd EXTRACTION CONIACT I LR T

,‘;-i_TFEEDWATER HEATERAND - T R R, .
"".:'Turbrne Sfuge Pressure, psrc " 30 0" L300 ’.'f o 0,000 30,0

Extraction Enfhalpy, Bfu/lb : RY 1 188 b "1 188.0° - . l 18.0 1,180
- “Heater. Shell Pressure, psia. T g5 2 5 s, S - 85 |
- Water Temperature In, F; " 148 T mo 1700.} o 1162
 Drdin Temperature, F, - - . 47,4 Uﬁ 4. < - U7.4 7.4
- Water Enthalpy In, Btu/lb, 1 136 A8 84l
Drain Entholpy, Bio/lo, ~ - 2158 C258 7, 258 258
-‘."Exfrachon Requrred Ib /hr SN 2 ) 69” IR 1) B ]3,8_6'2;_

NS T - A e T S
Exhagsr_,E_ntho_l‘ | AN . - e - 1,039.3
Steam Flow, IE. /h. | ""‘\\ 0 0 0y ;!.-.'_'-;154)629;;'
Pressure, Inhg, ABS.. . %) . L LTe T 3.0+
“Hot-Well Temperature F IR = e 5.7,
Hor-WeII Enrhalpy - lt}/:‘ SV PRI S0 R - ? 838

I:C »l':l T .‘




TABLE E X-2 (Confmued)

TURBINE GENERATOR S

3710

3rd Extruchon, KW‘z ]4] 0
,'"fExhausf. KW... E 0‘,

Total: Generahon, KW 3 860 0

;"G’e)nemtor Efficiency, % .. RADIRE" 96
,"fGross Lood Generafor Iermmals, KW 37051..\ '

Bl ';é‘

.‘{TemperaturwAt Superheater Outlet, °F 900 0-" e 909
Pressure At SuperheateraOuﬂef, ps:a 900 0
,“:Enthalpy At Feed, Bfu/lb 45 R
"Heat: AddedtoSteam, Io Bwﬂw | 11‘14 0o . -
“Boiler Effici iciency, % . e 86
,_"Heat Supplued in Fuel, 10‘S Btu/hr o "1..32'.‘]5;'

f'PLANTPERFORMANCE o
Auxdlory Power

[y o

33480

'-"143 6

"'123 57 L

- Feed Pumps, kw - ‘“ HEURN 1“1 EERROR /'

", Fonis, KW | o 294
Net Plant Electric Send-Out, KW 3.5 -
Plont Steam Reallzahon Ratio . 9%
Boiler Steam Rate, ]0 bufhrs o 1086
Plont Fuel Requirements, loéBfu/hr C 18,0
Fuel Chargeable to Process, 10 OBn/hr, 12,1
Fuel Chargeable to Power, 10 Btu/hr. 1. 9_‘-' |

-Plant Heat Rafe, Btu/KWH S 5 383

238.2

5 987 8§
SN
1]79**-‘ ,
| 121 1
B, 5/ -
4 760';,

3860
1 7_83.70[.”;

,:' -‘900 £,
374»5

 86%0$_
g 8, 352:

TYE
g

' 1518 g

183 8 s
g
RRAL I

',";4,.'433'.,2-'-
- 3,5%.2

2,060,5
4,586
]46515
.96

14 027

‘- '9oo“o

: l" \, 9000

345
1508
- _wl

e

M0

B < 536 2

4
18,1
]21 ] R
% 4 674;.-:‘-.:‘ o -

A9
143 g
182 7.

182 7
13 497
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