BEFORE THE FLORIDA PUBLIC SERVICE COMMISSION

In re: Comprehensive review of DOCKET NO. 920260-TL
revenue requirements and rate
stabilization plan of SOUTHERN

BELL.

In re: Investigation into the DOCKET NO. 910163~TL
integrity of SOUTHERN BELL'S
repair service activities and

reports.

)
)
)
)
)
)
)
)
)
In re: Investigation into ) DOCKET NO. 910727-TL
SOUTHERN BELL'S compliance with )
Rule 25-4.110(2), F.A.C., )
)
)
)
)
)
)
)
)
)
)
)
)

Rebates.

In re: Show cause proceeding DOCKET NO. 900960-TL
against SOUTHERN BELL for

misbilling customers.

In re: Request by Broward Board
of County Commissioners for
extended area service between
Ft. Lauderdale, Hollywood, North
Dade and Miami.

DOCKET NO. 911034-TL
DATED: 10/13/93

CERTIFICATE OF SERVICE (DOCKET NO. 900960-TL)

I HEREBY CERTIFY that the original of Staff's Eighth
Request for Production has been furnished to Harris R. Anthony,
J. Phillip Carver and R. Douglas Lackey, c/o MArshall M. Criser,
III, 150 South Monroe Street, Suite 400, Tallahassee, Florida
v32301, on behalf of BellSouth Telecommunications, Inc. d/b/a
Southern Bell Telephone and Telegraph Company, and that true and
“correct copies thereof have been furnished by U.S. Mail, this

13th day of October, 1993, to the following:
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CERTIFICATE OF SERVICE

DOCKETS NOS. 920260-TL, 9510163-TL, $10727-TL, 900960-TL, 911034-TL

Charles J. Beck

Deputy Public Counsel
Office of Public Counsel
¢/o The Florida Legislature
111 W. Madison Street

Room 812

Tallahassee, FL 32399-1400

Joseph A. McGlothlin

Vicki Gordon Kaufman
McWhirter, Grandoff & Reeves
315 S. Calhoun Street

Suite 716 \
Tallahassee, FL 32301

Joseph P. Gillan

J.P. Gillan & Associates
P.0O. Box 541038

Orlando, FL 32854-1038

C. Ewverett Boyd, Jr.

Ervin, Varn, Jacobs,
Odom & Ervin

P.0O. Drawer 1170

Tallahassee, FL 32302

Benjamin H. Dickens, Jr.
Blooston, Mordkofsky,
Jackson & Dickens
2120 L Street, N.W.
Washington, DC 20037

Chanthina R. Bryant
Sprint

3065 Cumberland Circle
Atlanta, GA 30339

Laura L. Wilson

Florida Cable Television
Association, Inc.

P.0O. Box 10383

310 North Monroe Street

Tallahassee, FL 32302

Michael B. Twomey

Gerald B. Curington
Assistant Attorneys General
Department of Legal Affairs
Room 1603, The Capitol
Tallahassee, FL 32399-1050

Michael W. Tye

AT&T Communications of the
Southern States, Inc.

106 East College Avenue

Suite 1410

Tallahassee, FL 32301

Richard D. Melson

Hopping, Boyd, Green & Sams
P.O. Box 6526

Tallahassee, FL 32314

Michael J. Henry

MCI Telecommunications Corp.
MCI Center

Three Ravinia Drive

Atlanta, GA 30346

Monte Belote

Florida Consumer Action
Network

4100 W. Kennedy Blvd., #128

Tampa, FL. 33609

Douglas S. Metcalf
Communications Consultants, Inc.
P.0O. Box 1148

Winter Park, Florida 32790-1148

Mr. Lance C. Norris, Pres.

Florida Pay Telephone
Association, Inc.

8130 Baymeadows Circle, West

Suite 202

Jacksonville, FL 32256
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CERTIFICATE OF SERVICE

DOCKETS NOS. 920260-TL, 910163-TL, 910727-TL, 900960-TL, 911034-TL

Patrick K. Wiggins

Wiggins & Villacorta, P. A.

P.0. Drawer 1657
Tallahassee, FL 32302
Cecil ©O. Simpson, Jr.
Peter Q. Nyce, Jr.
Regulatory Law Office
Office of The Judge
Advocate General
Department of the Army

901 North Stuart Street
22203-%837

Arlington, VA

Floyd R. Self
Kenneth A. Hoffman

Messer, Vickers, Caparello,
Madsen & French, P.A.

P.0O. Box 1876
Tallahassee, FL

Robert Hoeynck

32303~1876

Michael Fannon

Cellular One

2735 Capital Circle, NE
Tallahassee, FL 32308

Dan B. Hendrickson
P.O. Box 1201
Tallahassee, FL 32302
Donald L. Bell

104 East Third Ave.
Tallahassee, FL 32303

David M. Wells

Robert J. Winicki
William S. Graessle
Mahoney, Adams & Criser
P.O. Box 4099

Jacksonville, FL 32201

Assistant County Attorney

Broward County Board
of Commissions

115 8. Andrew Avenue

Suite 423

Ft. Lauderdale, FL

33301

€ W len

. WILSON
Staff Counsel

Florida Public Service Commission
101 E. Gaines Street

Tallahassee, FL 32399-0863

(904) 487-2740
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An NI Company

Ms. Mary Aon Helton :{f-i o 5 "_.Mpctober 7, 1993
Legal Services Division Py - e L

101 E. Gains Street 0Ct 151893

Tellahassee, FL 32399 ey B COADS T{&';EJ{J‘R'HNG

SUBJECT: CITY GAS COMPANY'S RESPONSE TO REQUEST FOR INFORMATION ON NATURAL GAS

TECHNOLOGIES

Dear Ms. Helton:

The enclosed information is City Gas Company's response tc the PSC
Staff's request for information on natural gas technologies that should be

included in the electric ptilities' comservation programs. City Gas Company's
response consists of:

L. My letter to Mr. Joe Jenkins dated September 3, 1993 which provides
information on gas engine chillers, gas engine heat pumps, desiccant
dehumidification and gas water heating;

2. My letter to Mr, Edward Mills dated September 16, 1993 which provides
detailed calculation methods used to compare gas engine chillers, gas
water heating and gas engine heat pumps with the electric alternatives; and

3. My letter to Mr. Joe Jenkins dated October 7, 1993 which provides infor-
mation on cogeneration plants now operating in Florida and detailed
calculation methods used to compare cogeneration systems and desiccant
dehumjdification systems with the electric alternatives.

Please contact me if I can provide any additiomal information.

Sincerely,
enclosures (3)

cc: Vernon Krutsinger / Fa ) FZ / C\ %
Jack Langer * “nmaad
John Stark Richard C. Furman
Consulting Engineer
City Gas Company of Florida
10404 Sw 128 Terrace
Miami, FL 33176

(305) 232-4074 .
fax: 305 232-4074 :

MIAMI DIVISION: 955 E 28TH STREET « HIALEAH, FL 33013-3498 « 305-691-8710 « FAX 305-891-7112
BREVARD DIVISION: 4180 SQUTH U.8. 1 « ADCKLEDGE, FL 32955-5309 « 407-636-4644 » FAX 407-633-8733

TREASURE COAST DHVISION: 1323 NW ST LUCIE WEST BOULEVARD « RPORT ST LUCIE. FL 34866 « 407-871-2551 » FAX 407-871-2044




CITY GAS COMPANY OF FLORIDA

An N Company

Mr. Joseph D. Jenkins Qct. 7, 1993
Director-Div. of Electric & Gas

Florida Public Service Commission

101 East Gaines Street

Tallahassee, FL 32301

RE: ADDITIONAI, INFORMATION ON COGENERATION AND DESICCANT DEHUMIDIFICATION SYSTEMS
Dear Mr. Jenkins:

As part of City Gas Company's response to provide information to the
electric utilities on gas technologies I have enclosed the following additional
information on cogeneration and desiccant dehumidification systems. My letter
to you dated September 3, 1993 provided information on gas engine chillers,
gas engine heat pumps, desiccant dehumidification and gas water heating. My
letter to Mr. Edward Mills on September 16, 1993 provided detailed calculation
methods used to compare gas engine chillers, gas water heating and gas engine
heat pumps with the electric alternmatives. This additional information will
provide an overview of cogeneration plants now operating in Florida and provide
detailed calculation methods to compare cogeneration systems and desiccant
dehumidification systems with the electric altermatives.

Enclosed for your information is a recent Energy User News (Feb. 1993)
article entitled "Cogeneration Benefits Enviromment, Ratepayers, As Well As
Users' which discusses why electric utiliries should include cogeneration as
part of their DSM programs.

Please note that your present summary table of gas technologies does
not include the energy savings by making use of the recovered heat from the gas
engine technologies. The primary advantage of on-site gas engine technologies
is the ability to recover the heat from the engine and to use it on-site.
During conventional electric power production, the thermal energy is released
into the environment. In a gas engine chiller, a gas heat pump and a cogeneration
system this thermal energy is recovered and used to displace thermal energy
requirements on-site. This recovering of thermal energy increases the overall
efficiency from approximately 33% in conventional electric production to
greater than 70% in these gas technologies. Therefore your summary table
should include the annual thermal energy savings and its associated annual cost

savings for gas engine chillers, gas engine heat pumps, gas engine A/C systems
and cogeneration systems,

Please also note that your present list of gas technologies only
includes cogeneration systems up to 2000 KW in capacity. Many gas turbine
cogeneration systems and a few reciprocating engine cogeneration systems are
already operating in Florida with capacities of greater than 2000 KW. Therefore
the upper limit may need to be 200 MW or greater. The annual operating hours
can also vary greatly for different cogeneration applications., The case study
that follows shows a base loaded cogeneration system that operates 8322 hours/yr
Wwith acceptable economic feasibility. It may also be possible to operate some
cogeneration systems only 2000 hours/yr to reduce peak demands and also show
acceptable economic feasibility. Therefore a wide range of possible operating

MIAMI DIVISION: 955 £ 25TH STREET » HIALEAM, Fl. 33013-3498 » 305-691-8710 « FAX 305-691-7112

BREVARD DIVISION: 4180 SOUTH U.S. 1 « AOCKLEDGE. FL 32955-3308 » 407-5636-4644 » FAX 407-633-6733
TREASURE COAST DIVISION: 1323 NW ST LUCIE WEST BOULEVARD * PORT ST LUCIE. FLL 34986 « 407-871-2551 » fFAX 407-871-2044




hours is needed for any of these gas technologies.

My letter of September 3, 1993 contains a description of desiccant
dehumidification systems, a list of some operating systems in Florida and results
of actual testing and economic evaluations. The enclosed table shows a detailed
comparison of a desiccant dehumidification system for a new supermarket in
Tallahassee versus a new conventional A/C system to control humidity. A
computer analysis is required to conduct this comparison due to the need to
input variable inside load conditicms, variable outside weather conditions and
the need to control both temperature and humidity of the conditioned space.

This analysis shows that the desiccant dehumidification system will have a
slightly lower capital cost and a lower operating cost while providing a
healthier store environment,

Please contact me if I can provide any additional information.
\

Sincerely,

Foellnnct C Frrrmars

Richard C. Furman
Consulting Engineer

City Gas Company of Florida
10404 SW 128 Terrace

Miami, FL 33176

(305) 232-4074

fax: 305 232~-4074

enclosures (3)

¢c: Henry Block
Vernon Krutsinger
Jack Langer
Jehn Stark

bee: Magy Aun He.m-od/




“Every business
that uses electricity
and hot water
together could reduce
energy consumption
by switching to
cogeneration.”

ENERGY

USER

TECHNOLOGY
REPORT

NEWS

“Widespread use
of cogeneration
would decrease
the number of .
transmission lines
needed.”

On-Site Power

Cogeneration Beneﬁts Environment, Ratepayers, As Well As Users-

By DAVID E. NEWMAN
David Newman is the founder of Physics So-
lutions, o consulting firm here. This erticle was
first published in DSM Quarterly.
ENCINITAS, Catif —Cogeneration is the

agement tool to be introduced in many
years. It benefits users, utilities, and ratepay-
ers alike by o the need for new cen-
tral power plants, and it benefits the envi-
ronment through lowered pollution and the
virtual elimination of resource waste,

Everyone wants to conserve energy to-
day, but most ways to save energy involve
some unpl omises. We can
save plenty ofgasohm ﬂweuewiﬂing to
sacrifice performance, convenience, and

in cars. We can save plenty of heating
oil; it 2l depends on just how cold you
want to be,

Cogeneration is different. Urdike energy
conservation measures that nobody really
wants, cogeneration saves energy while
benefiting the user and the environment.
There is no “Catch-22" with cogeneration.

The amount of energy saved with co~

Hon i¢ equal to the amount of

ormerly used to heat water, or produce
other process heat, The fuel consumed by
the on-site cogeneration plant to generate
electricity is roughly the same as that corr
sumed by a large central generating station
to produce the same amount of electridty,
but with cogeneration the hot water costs
no zdditional energy. Cogeneration enables
the heat from the on-site generating plant
to be used, thus eliminating the need to
burn fuel for that heat. In contrast, the cen-
tral utility typically wastes the heat byprod-
uct when it generates ity.

Every business that uses electricity and
hot water together could reduce energy
consumption by switching to cogeneration.

, restaurants, laundromats, health
care facilities, athletic clubs, motels, apart-
ments, and many other potential users
should consider this important energy sav-
ing measure.

For example, suppose there are 10,000 co-
generation units in operation, with each
unit producing 20 kilowatts (kw} of elec-
tricity and .2 million Bru (MMBtu) of heat
energy per hour with an overall effici
of 89 percent. The net energy saved, be-
cause of the extremely high overall effi-
ciency of tion, wi be 20 million
MMBtu per year. This energy is simply
wasted today when electricity and process
heat are produced separately.

With cogeneration, you automatically
conserve energy because you no longer
nggd to burn fuel to heat your watar,

On-site packaged tion units can
use natural gas for fuel, whereas utilities
somwtimes bum coal to generate electrici-
ty. Natural gas produces much less sulfur
dioxide (502) carbon monoxide {CO), ni-
wogen oxides (NOx), and particulate matter
than coal.

Concern for the environment is a strong
argument for switching to cogeneration.
Coal, being mostly carbon, produces more
COq per Btu than any other common fuel.
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Namalgasum:d{mzthma.nmhcule

composed of atom and four hy-
drogen atoms. Methane has the lowest car-
borr-to-h! ratio of any common fuel,

or cil. Cogeneration plants using natural
gas for fuel produce only one fifth as much
aarbon dioxide ag a typical utility plant
with the same electrical output. Further-

have

been pmdﬁ uutu.rrung fuel to heat wa-

ter, is no longer produced in the cogenera-

Hon process. This represents an additional
emisaions.

savings in gas
For co tion users, the lights never
go out. The combination of an-site genera-

tors and utility backup constitutes a virtu-
ally uninterruptible power source. During

lon ﬂpenod.l,ﬁriﬂd'l!

event of a malfuncti
unit, the site is instamljr and lummﬂcally
shifted over to utility grid power. Similarly,
&wwisimpu‘vioustnuuhtypowerout-
ages, since the cogeneration system pro-
vides electricity during utility problems.

The reliability of cogeneration also re-
lieves utilities of a slgmﬁcant amount of

ibility. For ple, sup-

pose that there are 10,000 cogeneration
units and that each one has at the least 90
percent availability. On the average, 9,000
units are producing, and the utility is pick-
ing up the lcad for only 1,000. This is a re-
duction in the utility energy demand by
9,600 units equivalent.

It is natural to ask what the variation is

Byszf.':to‘gf SPIEWAK of
t Spicuk is president

zices in Great Falls, gfﬂkﬁm
side :

Regulators Should Consider Adding
Cogen to Utils.” DSM Options

& Small Power Consulting & Information Ser-
a mumber of publications on cogeneration and demand-

management issues.
GREAT PALLS, Va.—Ironically, investment in
come one of the least attractive alternatives for utility capital allocations. If such in-
vestment goes well, it is subjected to a regulated rate of returmn. If it goes poorly, the
losses have often been transferred to the utility’s shareholders.
Simdltarly, utilities have little reason to obtain
mlfnﬂgmwell.thmimunadhﬂmh
'ﬁm e
ldmwlbnorbthemodaledm Juuud\eyhavednngw:mmuin-
cu.ned!nudllrﬁm plant construction programs.
i.nlntnzwpowerphnu are needed, but the electric utilities tradi-
tionally charged with the responsibility far constructing them are neither deing so, nor

power generation equipment has be-

ting resources from cogerera-

are they purchasing adequate supplies from cogenerators. The nation is thus facing
alnctricgenmmgcapmtyshomguh\ the near future,

One way of ameliorating this shortage is through load duplamm:nt cogeneration,
in which the electric output is provided directly to the user, rather than sold toan
electric utility. From the utllity’s perspective, the electric load served by the cogenerator
has been “displaced.”

Whaleul:hham&uu:gnmmpantyhavem the past opp ; £ co-
generation, in the face of l.lczmentcogmenﬁonlhou.l face kittle op-
mmhMMuﬁhﬁsMbeacnvelymunmsud\m tion. En-

mungemmifsnmarymgmwﬂwaubiunﬂalbemﬂuavmable&om&mm

First, utilities that mutnndmwmofgmranmofmhave very low retail
rates, maki t S d, the owners of these sites do
mtmdmﬂpowugmhmubeﬁugﬁmbusm&lﬁsoﬁmperwveduame
distraction, even if potentially profitable.

Finally, unlike the large cogeneration facilities which were desigried to sell power to
electric utilities, load displacement cogeneration plants must be designed and operated
pdmarﬂybuwotl\chutsihe,mdmtmpowusysum'I‘lm»samorecomphcawd

and expensive at every stage, including the critical early stages when the
feasibility of a cogeneration project is being studied.

Load displacement cogensration benefits not only memstomeumplnylxnndgm:plant,
but also the utility’s other mepayeu the employees of the customer, and society at
large. Other ratepayers are benefitted by a vun‘.ﬁng the construction of new plants, and
eliminating the risk of “stranded investment” In that new plant should a large customer
suddenly ciose down or move. Bmployees are benefitted because the owners of the
plant will be less likely to close or move it because of the added investment in the co-
generation facility that would have to be written off,

Society would because of the environmental benefits of cogeneration. These in-
clude improved effidency that resulls from the simultaneous production of electrical
and thermal energy; reliability, as the increased number of plants reduces the
Hkglﬂmodhtallghnhwﬂlbedownsmulmmusly'andxedueedmed for new trans-
mission facilities, Placing plants closer to the load also helps mitigate current shortages
in transmdssion capacity,

Regulatory commissions should provide the same incentives for load-displacement co-

See CONSLULTANT, Page 46

in this number. Suu;rlmlly. the large numn-
ber of units in the pool results in
high reliability, assuming that the unavai
ability of each individual unit is ancorre-
lated. It can be shown that the likelihood of
having 1,200 or more unavailable on any
given day is not likely to cccur once ina
million years. Therefore the utility can plan
on covering a load of at most 1,200 units
with virtually complete certainty.
Electromagretic fields emitted by pow-
er lines are suspected of causing negative
health effects, Several large epidemiological
studies have confirmed this, and laborato-
ry experiments have demonstrated cellujar
effects that could explain our apparent sen-
sitivity to electromagnetic radiation. High
power transmission lines are an unavoid-
able feature of central station electricity
o tion, however, needs
no transmission lines since the power is
used on-site. Widespread use of cogenera-
tion would decrease the number of trans-
nusswn lines needed, and would decreasa
of the fields they emit since
carry less power. This is
news for anyone living near a power i
People decide to install a cogeneration
system for a variety of reasons, but the
main reason is to save money. The cost of
heating water is simply pocketed. This is a
substantial sum in many cases, and is the
central motivating factor for mny busi-
nesses to switch to cogeneral
mthmvu a ul:lllty deadam to build a;:
other large generating plant, everyana w]
buysdecmzyﬁommrulﬂzypaysform
Electricity demand is increasing in the US.
This could cost ratepayers billions of dollars.
However, utilities can defer construction
if more businssses switch to cogeneration.
This will be reflected in lower utility bills
in the near term, since utility capital will
not be pumped into more la.rge plants If
the use of cog
rapidly enough to lbsorb the increases in
demand, then it is likely that new utility
plant construction can be delayed indefi-
nitely. Each time a cogeneration unit is in-
stalled, avery ratepayer in the grid benefis.
How often do you find a chance to win
without making somecne else lose? Not of-
ten in today’s cnmi:nhve social jungle. The
user wins because he saves money, and gets
greater flexibility and raliability in his ener-
gympply.'l‘h:uﬁliﬁnwinbemusemeydo
not need to spend precious capil for new
plants. The ratepayers win because they do
not have to pay for major new facilities as
long as cogeneration picks up the load. Peo-
ple living near power lines win because their
exposure to felds would be
lessened. The public wins because coﬁenero
ation produces less atmospheric pollution
and fewer gases
A hundred years from now, it is likely
that each independent energy user will
have a complele energy management sys-
tem on-site, including cogeneration of elec-
tricity and heat. Cogeneration may then be
recognized as one of the healthiest ideas
ever created for society.

Circle No. 111

ENERGY USER NEWS, FEBRUARY 1993




Consultant: Include Cogen in DSM

Continued from Page 30
generation programs as they cur-
rently do for demand-side man-
agement programs. Regulators
throughout the U.S. have encour-
aged billions of dollars of expen-
ditures by utilities for the support
of demand-side management pro-
grams. These mechanisms fall into
three general categories: recovery
of costs incurred in implementing
DSM programs; compensation for
revenues lost when load is reduced
as a result of the success of those
programs; and extracrdinary com-
pensation, beyond ordinarily al-
lowable rates of return, granted ¢
encourage utilities to act, :
But in order for load-displace-

ment cogeneration to reach its po-
tential, utilities must similarly be
assured that funds expended to
support cogeneration will be re-
covered, revenues lost from re-
duced sales will be compensated,
and innovative programs that suc-
cessfully encourage load displace-
ment programs will be rewarded.
The creation of similar mecha-
nisms for compensating utilities
that establish load-displacement
programs would likely have an
immediate effect on their attitudes
toward cogeneration. Effective, ef-
ficlent load-displacement cogener-
ation needs and deserves the same
support provided to demand-side
management programs.

Rebate Assists HVAC, Lighting

1
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i
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That Saves 1.1 MMKwh, Yields

Continued from Page 19
energy use another 419,390 kwh a
year. The lighting strategies
earned a $5,563 rebate.

‘The delamping included instal-
lation of 1,100 32-watt T-8 Octron
lamps from Sylvania Lighting Ser-
vices, Danvers, Mass., Miskus
saidl. Throughout most of the site,
the fixture’s new two-lamp T-8
configuration replaced a three-
lamp T-12 arrangement. Adequate
light levels were preserved by in-
stalling 450 Silveriux reflectors
from 3M Construction Markets,
St. Paul, Minn. Finally, 450 Model
B-2321277 electronic ballasts from

MagneTek, Los Angeles; were ir
stalled. Old lamps and:ballast
were recycled, said Miskuges.
The lighting project was __@uﬁd—
ed out with Model-W500A
W10004, and W2000A’infrare
and ultrasonic occcupancy sensor
supplied by The Watt.Sioppe
Inc., Santa Clara, Calif, A'total ¢.
120 devices were installed, fo
which the user received a rebat.
of $1,544. The occupancy sensor:
which eliminated the need for
separate time-of-day lighting cor
troller, are positioned m_q}};qf,glt
facility’s individual off:i.'c'es; 12
ways, and other areas. * 4,

GLEBALCON

THE CONFERENCE & EXPO ON ENERGY & THE ENVIRONMENT

April 21-22, 1993, Anaheim Convention Center, Anaheim, CA

¥1 HUAG & Building Systems GCongress
V1 Lighting Efficiency Congress
¥1 Power Generation & DSM Congress

‘¥4 Environmental Management Congress

AEE has created GLOBALCON to provide a huge. comprehensive forum which
spans all segments of the energy efficiency, power generation, and environmental
management markets. Each of the four shows and conferences which comprise
GLOBALCON represents a major event in its own right. Because all of the shows are
inferrelated, attendees have full crossover privileges. Our goalin creating GLOBALCON
isto bring together under one roof asingle, comprehensive energy and environmen-
tal markeiplace that is recognized as a *must see” event.
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Presonted by:

Managers Institute

Cosponsored by:
Anaheim Public Utilities

Califoria EPA /

The Association of Energy Engineers
The Environmental Engineers &

The Demand-Side Managemant Socisty
The Cogeneration Instiiute
California Energy Commigsion

Califomia Enargy Extension Service

- Depantment of Toxic Substance Control
- Registered Environmental Assessor Program*

City of Los Angeles Ontario Hydro

-Department of Water & Power Pasadena Depariment of Water & Power
City of Riverslde Public Utifitles SAFE.-8.LD.CO.
Environmental Business Journal San Diego Gas & Electric*
Environmental Protection Agency / Southem Califomnia Edison

-Green [Ights Program® Southem Califomia Gas Co.

Lawrence Berkeley Laboratarias / U.5.0.0.E. / Office of Institutional

-Center for Building Scienca Consesvation Programs
NALMCO / (inferNational Assog. U.5.0.0.E. / State Energy

of Lighting Management Programs

Companies) Wastam Area Power Administration

National Energy Management Institute

" Denctes past cosponsor. kmvited lor '93 svent.




COGENERATION

Cogeneration is the simultaneous production of electricity and thermal energy.
During conventional electric power production, the thermal energy is released into the
environment. In a cogeneration plant, this thermal energy is recovered and used to
displace thermal energy requirements at the site. This recovering of thermal energy
increases the overall efficiency from approximately 33% in conventional electric
production to greater than 70% in a cogeneration system. This concept of cogeneration
can be used in the right applications to substantially reduce energy costs by using a
highly efficient on-site cogeneratijon system. A recent EPRI Journal cover story entitled
'"Distributed Generation" (EPRI Journal, April/May 1993) provides a case study of a
1.1 MW natural gas engine cogeneration system versus new central station.power generation
to show the benefits to electric utilities. This case study shows that the benefits
from deferral of transmission and distribution upgrades, reduced emissions, fuel
diversity and customer use of waste heat can significantly reduce the higher initial
cost of this cogeneration system.

The concept of cogeneration was introduced in the early 1900's. Today,
private power and cogeneration plants provide more than 11%Z of the Nation's electric
requirements and will provide more than 20% of the new power generation tomorrow.
Cogeneration is fulfilling the growing electrical needs of the nation with improved
reliability and efficiency. Table l provides a partial list of some of the existing
cogeneration plants in Flerida. These plants are designed to provide all or part of
the electric requirements for their facilities with little or no excess electricity
being sold to the electric utilities. The thermal energy is recovered to provide hot
water, steam and/or air conditioning on-site. Table 1 indicates that hospitals are
good applications for cogeneration systems. This is due to their relatively constant
need for electricity and thermal energy. By having an efficient on-site cogeneration
system operate in parallel with the electric utility, a site can also improve the
quality and dependability of the electric service. This can be extremely impoxrtant for
hospitals in Florida due to the occurences of hurricanes and other causes of electric
interruptions. Table 2 is a partial list of the non-utility generators in Florida.
These plants are designed to make use of the thermal energy on-site and provide elec-
tricity to the electric utilities in Florida. Tables 1 and 2 show that there are many
industries and fuel sources that are good applications for cogeneration in Florida.

The following information includes the technical and economic feasibility of
cogeneration using natural gas for a typical hespital application in Florida. Most of
the existing hospital cogeneration systems in Florida use natural gas turbine generatots
to provide electricity and the thermal energy is used for hospital steam or in anm
absorption chiller to provide air conditioning. The typical hospital application
presented here uses a 1500 KW gas turbine generator with the waste heat being used in
a 1000 ton direct fired, absorption chiller. Table 3 shows the input design data,
energy savings, operating costs, and installed capital cost for this system versus
operation without the cogeneration system. The design data include a total electric
cost of $0.065/KWH and a total gas cost of $0.35/therm. Due to the large quantity of
gas used by the cogeneration system, the user will probably contract for the purchase
of their own gas and use the transportation rates available from Florida Gas Transmission
and City Gas Company. Therefore the gas cost is the sum of the contractprice for gas
plus the transportation rates, Conventional cogeneration plants of this type have a
94% to 96% capacity factor. Hours out-of-service are normally due to scheduled and
preventive maintenance. A cost of $0.007/KWH is included for preventive maintenance
and an equipment escrow to replace equipment at the end of its normal life. The
electric centrifugal chillers used in most hospitals are being required to convert to
a non-CFC refrigerant. The electric chiller efficiency of 0.6% KW/ton is typical of

most centrifugal chiller efficiencies after conversion. The heat rate for this gas trubine
is 14,200 BTU/KWH




The energy savings that are obtained by the hospital include the 1500 KW of
electricity that is avoided and the cost of 1000 tons of air conditioning that would
have been supplied by the hogpital's electric chillers. The added operating costs for
using the cogeneration plant include the cost for the natural gas and the cost for
maintaining and replacing the cogeneration equipment. When the annual energy savings
of $1,184,637/yr are reduced by the operating costs of $707,786/hr the net savings of
$476,851/yr is available to the hospital, The installed capital cost for this cogen-
eration system is $2.8 million. Therefore the simple payback is 5.9 years. The
addition of the proposed cogeneration plant to the hospital would: (1) improve the
quality and reliability of electric service at the hospital; (2) reduce the hospital's
cost of energy; and (3) enable the hospital to provide essential services during
periods of electric power interruptions like hurricanes.

Presently 1500 KW is probably the smallest size gas turbine generator with
acceptable economic feasibility in Florida. Due to economies of scale, the economics
will-improve for larger cogeneration systems. Applications needing less than 1500
KW should probably consider using reciprocating engine cogeneration systems or gas
engine chillers with heat recovery.

Hospitals are only ome poséible application for cogeneration systems. Other
large users of both electricity and thermal energy (steam or hot water) or air condi-
tioning are other applications. Industrial sites, hotels, universities, health care
facilities, apartment buildings, schools, restaurants, laundries and many others are
possible sites for cogeneration systems in Florida.




PROJECT

Baptist Medical Center
of Jacksonville

St. Vincent’s Hospital
(Jacksonville)

St. Joseph's Hospital
(Tampa)

North Shore Medical Center
(Miami)

Merritt Square Mall
(Merritt Island)

Citrus World
{Lake Wales)

Tropicana
{Bradenton)

TABLE 1

SOME COGENERATION PLANTS IN FLORIDA

PLANT DESIGN op
ENGINE/HEAT RECOVERY

PLANT OUTPUTS
ELECTRIC/ STEAM

/A.C.

12 MW /80,000#/hr /3000 tons

1.4 MW/10,200#/hr /1080 tons

1.7 MW/Hot Water /403 tons
1.5 MW/ - /850 Tons
4.9 MW/ - /2200 Tons

4.0 MW/110,000#/hr/ -

33 MW to 45 MW
125,000 #/hr to 45,000 #/hr
STIG Cycle

ERATIONAL

4
4
3

e

IS

B D -3 =2

[y

Gas Turbines
Heat Recovery Boilers
Absorption Chillers

Gas Turbine
Heat Recovery Boiler
Absorption Chiller

Reciprocating Engine
Heat Recovery Boiler
Absorption Chiller

I

Gas Turbine
Absorption Chiller
(Direct Fired)

Reciprocating Engines
Heat Recovery Boilers
Absorption Chillers
Electric Chillers

Gas Turbine
Heat Recovery Boiler

Gas Turbine (STIG)
Heat Recovery Boiler

STATUS

1978

1590

1993

1993

1969

1987

1989



TABLE 2

NON-UTILITY GENERATORS IN FLORIDA
REVELOPER(y) PROJECT AQCATION SIZE UTILITY STATVUS EUEL
AES Cedar Bay, 250 MW FP&L construsyon  ¢oal
Jacksonville
riando 110 MW FR—72MW  consiruction  gat
Alr Prod, & Chamlicals e’ - Roady Cragk
- =38 MW
Atk Enorgy 50% Pahokaa 250 MW FPaL _ planned codl
CSW Enargy 50% Mberry Energy. 72 MW PP planied  gas
Poik Co.
Rabcock & Wiicox W. Palm Beach 60 MW/ FPAL oporatng  MSW
! 2,000 tod
CFR Blo-Gan Corp. unnamed 74 MW £p planned  gas
Communlity Energy Montenay-Cade 43 MW FPAL operating MSW
Alternatives 23% Dade Co.
Dade County 77%
Consary Polk Co. 2.7 MW NA aparating waste haat
Decker Energy 50% Ridga G‘enetaung Sta., 40 MW FP : planned waod, bres
Whoaolabrator 50% Palk Ca,
Destoc Energy 50% Lake Placid ' 156 MW Fp planned peat
EcoPoss 50% W, Palm Beach 52 MW FPAL planned poat
Fla Sun Ckodlanta 70 MW FPaL planned suQar cang
_ Oscacls Farms 42 MW FP&L __planned sugar cang
Multrorry Phosphates Manatee Co. 28 MW FP planned wasta heat
Polk Co. 3 Mw TECO oparaling wasie heat
North Canadian Power Lake Cogen Lid., 102 MW FP planned gas
Umatilia
NRG Energy 50% Cyprass Energy Partnars, 832 MW FP&L planned coal
Black & Veateh 30% Ckoechobay :
Ogden Projects Hillsborough Ca. 29 MW/ TECO oporang MSW
1,200 tpd
Lake Co. 135 MW/ FP operating MSW
528 ipd
Pasco Co. 1AW/ FP oparatng MW
1,050 tpd
Lee Co, 375 MW/ FR&L planned MSW
1200
Fanda Lakeland 749 MW FP plannod gas
Peoples Cogen 50% Passo Cogen Lud., 102 MW FR planned gas
North Canadlan Power 50% Doda City
Thama Energy Systems 50% Miarni 276 MW FP&L sperating pas
Rolls Roycs 50%
Tosco Samingle Fertlizer, 15 MW FP plannod wasle hoat
Pdlk Co,
U.S. Generating lnddantown Coganeration, 300 MW FPAL plannod coal
Palm Baach Ca,
Waste Mansgomoent cDSL, 16 MW FRAL oparating methane
Pempana Boach :
Whoolabrator Broward Co. Seuth 70 MW/ FRAL oporating MSW
: 2,250 pd
Sreward Co, North 70 MW/ FPaL oparating MSW
i 2,250 pddt
Pinatas Co. 70 MW/ FP sparaling MSW
3,350 tpd .
Wostnghouse Bay Co. 1MW/ FP oparating MSW,
€00 tpd wood




TABLE 3

NATURAL GAS COGENERATION ANALYSIS
GAS TURBINE GENERATOR WITH ABSORPTION CHILLER

DESIGN DATA: 1500 XW Gas Turbine Generator
1000 Ton Absorption Chiller

$0.065/KWH Electr

ic Cost

$0.35/thexm Gas Cost (Gas Contract + Transportation Rates)

95% Capacity Fact

Qor

$.007/KWH Maintenance Cost

.69 KW/Ton Electr

ic Chiller Efficiency

14,200 BTU/KWH Gas Turbine Efficiency

\
ENERGY SAVINGS:

$,063

v 8760 HR

= $811,395/yr

- $373,242/yrx

TOTAL ENERGY SAVINGS $1,184,637/yr

Electric : 1500 KW X TR X T YR X .95 capacity factor
. .69 KW ,5.065 8760 HR
AfC: 1000 tons X Ton X T X YR X .95
OPERATING _COSTS:
, .. 14,200BTU _$,35 8760 HR
Natural Gas: 1500 KW A KWH 1ODBTU X R X -95
- $.007 8760 HR
Maintenance: 1500 KW X T X VR X .95

NET SAVINGS:

CAPTTIAL COSTS:

Gas Turbine Generator
Absorption Chiller

Installation, Overhead, Fees

SIMPLE PAYBACK:

= $620,405/yr

= $ 87,381/Yr

TOTAL. OPERATING COSTS

$ 707,786/yr

$476,851/yr

= $1,250,000
= $ 600,000
= $ 950,000

TOTAL CAPITAL COST

= $2,800,000

5.8 Years




TABLE 1
NATURAL GAS DESICCANT DEHUMIDIFIER ANALYSIS
DESICCANT DEHUMIDIFIER VERSUS ELECTRIC HUMIDITY CONTROL

DESIGN DATA:
APPLICATION

New Supermarket (34,433 sq. ft.)
Tallahassee, FL

DESICCANT SYSTEM 17,200 CFM Desiccant Dehumidifier with Gas Regeneration
Plus 45 tons of Conventional Electric A/C to Maintain

Conditioned Space @ 75°F and 35% R.H,

ELECTRIC SYSTEM - 70 Tons of Electric A/C with Subcocl And Reheat System for
Humidity Control Using Hot Gas For Reheat to Maintain
Conditioned Space @ 75°F and 50% R.H.

ENERGY COSTS - Electric - $§ 0.65/XwH
Natural Gas - $ 0.,45/therm
CALCULATIONS: Computer Anafysis Bagsed Upon Hourly Internal Load Conditions For New
Supermarket and Ambient Weather Conditions for Tallahassee
4
RESULTS:
DESICCANT DEHUMIDIFIER CONVENTIONAL A/C -
ENERGY CONSUMPTION
HVAC SYSTEM
Electric 221,887 KWH/yr 400,680 KWH/yr
Gas 20,943 therm/yr -0-
REFRIGERATION CASES
Electriec . 920,431 KWH/yr 1,127,519 KWH/yr
PEAK DEMAND 207 XW 263 KXW
TOTAL ENERGY USE
Electric 1,142,318 ¥WH/yr 1,528,199 KWH/yr
Gas 20,943 therm/yr -0
ENERGY COSTS
Electric $ 74,250/yr $ 99,333/yr
Gas 3§ 9,424 /yr -0~
Total $ 83,674/yr $ 99,333/yr
NET SAVINGS $ 15,659/yr ~

CAPITAL COSTS $ 76,500 - $ 77,000




CITY GAS COMPANY OF FLORIDA

An NI Company

Mr. C. Edward Mills Sept. 16, 1993
Bureau of Gas Regulation

Florida Public Service Commission

101 East Gaines Street

Tallahassee, FL 32399-0868

RE: REQUEST FOR INFORMATION ON GAS TECHNOLOGIES

Dear Mr. Mills:

Enclosed please find the information that you requested on Gas Engine
Chillers, Gas Water Heating, and Gas Engine Heat Pumps. It is important that the
electric utilities know what the input design criteria, system characteristics and
utility rates are that were used for these comparisons. The calculation sheets will
show the electric utilities how to determine the energy consumption and operating
costs for these gas technologies. Since the gas engine chillers and gas engine heat
pumps produce both A/C and hot water it was necessary to include the costs for
providing hot water with the electric A/C systems also. Please ask Joe Jenkins if
it is possible to provide the electric utilities with all of the following information
so that they have the complete picture of these gas technologies and our evaluation.

Please contact me if I can provide any additional informatiom.

Sincerely,

Toibond C Favrrnms

Richard €. Furmane—"
Consulting Engineer

City Gas Company of Florida
10404 SW 128 Terrace

enclosures {5) Miami, FL 33176
. (305) 232-4074
cc: Henry Block fon: 23204074
Jack Langer ax: -
John Stark

bee: Veran Keu"rslmgta
Tﬂc jeninﬂ

r4nn1 Q&M;“44u$“/’/

MIAMI DIVISION: 955 E 25TH STREET » HIALEAH, FL 33013-3498 + 305-891-8710 « FAX 305-691-7112
BREVARD DIVISION: 4180 SOUTH U.S. 1 « ROCKLEDGE, FL 32955-5308 » 407-636-4644 + FAX 407-633-6733
TREASURE COAST DIVISION: 1323 NW ST LUCIE WEST BOULEVARD = PCAT ST LUCIE. Fl. 34986 » 407-871-2551 « FAX 407-871-2044




GAS DRIVEN CHILLERS - TECOCHILL 150 TONS
[NPUT DATA

APPLICATIONS: HOTELS, NURSING HOMES, HOSPITALS, CONDOMINIUMS
NEW A/C UNIT CAPACITY - 150 TONS

A/C LOAD FACTOR - 6000 EQUIVALENT FULL LOAD HOURS PER YEAR (EFLH)
NEW GAS HOT WATER BOILER - 75% EFFICIENCY

SYSTEM CHARACTERISTICS: TECOCHILL cH - 150

_ 1.7 BTU OF COOLING
EFFICIENCY ~ 1.7 C.0.P. = T 5 pT0 OF FUEL  (FNLEGRATED PART LOAD VALUE)

AUXILIARY ELEC., - 3 KW
ENGINE MAINT. + REPLACEMENT COSTS - $0.01/TON-HR

HOT WATER PRODUCTION - 700,000BTU/HR @ FULL LOAD
SYSTEM CHARACTERISTICS: NEW ELECTRIC CHILLER - 150 TONS

6.5 KW OF ELEC

3 TOR OF GoGLINGINTEGRATED PART LOAD VALUE)

EFFICIENCY - 0.65 KW/TON =
ENERGY COSTS :

NATURAL GAS - § 0.45 /THERM CITY GAS CO. COMMERCIAL RATE (8/93)
(excluding customer charge and taxes)

ELECTRICITY - $ 0.065 /KwWH FLORIDA POWER & LIGHT CO. (8/93)
(excluding customer charge and taxes)

L

SEE FOLLOWING TABLE 2?0 - CALCULATIONS

RESULTS

GAS EEGINE CHIBLER  NEW ELECTRIC CHILLER
I I - AND GAS BOILERS

ANNUAL ENERGY CONSUMPTION

GAS 63,529 THERMS/YR 42,000 THERMS/YR
ELECTRIC 25,500 kwH/YR 585,000 kwH/YR
ANNUAL OPERATING COSTS
GAS $28,588/ YR $ 25,200/vr
ELEC. $ 1,658/vRr . $ 38,025/vYR
MAINTENANCE $ 9,000/YR -
CAPITAL COSTS (CHILLER ONLY) e coo $55, 000

(including Cit§ Gas rebate)

INSTALLATION SAME SAME




TABLE 2.0 - CALCULATIONS

—~TECOCHILL CALCULATIONS-

Eq. Full Load

AfC Capacity Gas Rate Hours per Yr. C.0.P.
12,000 BTU s 450 ¢ EFLH BTU ¥
- SO ST Om e Rk o =3
GAS COST : ——i——— X /50 Tons X Tgo gy, X e 1.7 oy 28,588 /&
ELEC. COST: KW Load $ /KWH Bun fre
Tecochill #
1ok x G295y 85 I - 1,658 /Y&
KWH Yr
#
ENG_{NE G 5t $ ©,0of /Ton*Hr. X /5© Tons X éooo ______;igurs = ?; e /YR
REPLACEMENT ”
' : #
TECOCHILL ANNUAL OPERATING COST = = 37, 246 / 1R
-NEW ELECTRIC CHILLER & GAS BOILER CALCULATIONS-
’ IPLV
Capacity $/KWH EFLH KW/Ton # - /
- 625 /R
ELEC. COST: ( /8o Tons X £2:963 yx fowolr 0.65ku ) = 38,
_ KWH Yr Ton
HOT WATER : MMBTU/HR Gas Rate EFLH Boiler Eff.
6 850 ’ .
COST 0.7 X 10° BTU s 4 Hr #
. Tl T N 6> & - ¥ 25,200/
NEW ELECTRIC CHILLER & GAS BOILER ANNUAL OPERATING COSTS - ¥ 6 6J 225 / YR
~-SAVINGS-
NEW ELECTRIC - TECOCHILL = ANNUAL SAVINGS

b (3,225 e - #s‘e,ozSAR = ¥ 25 200 /r.



RESIDENTIAL WATER HEATERS IN FLORIDA

TYPICAL GAS SEAHORSE GAS
WATER HEATER WATER HEATER

TYPICAL ELECTRIC
WATER HEATER

ANNUAL ENERGY USE 4195 KWH/YR 216 THERMS/Yr 216 THERMS/YR
ENERGY COST $0.078/KWH $0.67 /THERM  $0.67 /THERM
ANNUAL HOT WATER COST $ 327/YR $ 145/YR $ 145/YR
ANNUAL HOT WATER SAVINGS $ 182/YR $ 182/YR
(56%) (56%)
ANNUAL FUEL USE a7.7 MBIE 21.6 TRBPIC 21.6 B0
ANNUAL FUEL SAVINGS 26.1 210 26.1 L2510
(55%) (55%)
CAPITAL COSTS (New Home)
WATER HEATER $100 $140 $455
INSTALLATION $200 $225 $253
CITY GAS BUILDER $ 0 -$225 _$225
INCENTIVE S
TOTAL COST $300 $140 $483




GAS ENGINE HEAT PUMP - YORK 3 TON

PUT DAT
APPLICATIONS: RESICENTIAL AND SMALL COMMERCIAL

NEW A/C UNIT CAPACITY - 3 TONS

A/C LOAD FACTOR - 3000 EQUIVALENT FULL LOAD HOURS PER YEAR (EFLH)
SYSTEM CHARACTERISTICS: YORK GHPI%PTH GASLﬁATER HEATER
_ 1.2 BTU COOLING
EFFICIENCY - 1.2 C.0.P. = y"5 570 FUEL (SEASONAL C.0.P.)

AUXILIARY ELEC. - 0.35 KW

HOT WATER PRODUCTION - YORK GHP - 17,500 BTU/HR @ FULL LOAD

(TOTAL HOT WATER FOR RESIDENCE FOR 9 MONTHS)
(GAS WATER HEATER FOR RESIDENCE FOR 3 MONTHS)

SYSTEM CHARACTERISTICS: NBW ELECTRIC A/C SYSTEM WITH ELECTRIC WATER HEATER
EFFICIENCY - 1.2 KW (10.0 SEER)
TONS )

HOT WATER PRODUCTION - ELECTRIC WATER HEATER -~ 4195 %%E
ENERGY COSTS:

NATURAL GAS - $0.67/THERM CITY GAS CO. RESIDENTIAL RATE (8/93)
, (excluding customer charge and taxes)

ELECTRICITY - $0.078/KWH FLORIDA POWER & LIGHT CO. (8/93)
(excluding customer charge and taxes)

ALCULATIONS
SEE FOLLOWING TABLE 6.0 - CALCULATIONS

RESULTS
YORK GHP WITH NEW ELEC. A/C WITH
GAS WATER HEATER ELECTRIC HOT WATER
ANNUAL ENERGY CONSUMPTION
GAS 954 THERMS/YR -
ELECTRIC 1575 «kwH/YR 14,995 kwH/YR
ANNUAL OPERATING COSTS
GAS $ 639/Yr -
ELECTRIC $ 123/vR $1169/YR
MAINTENANCE $ 50/YR -
CAPITAL COST - INSTALLED $6800 $3000

{without water heater)




TABLE 6.0 - CALCULATIONS

YORK GHP WITH GAS WATER HEATER

GAS COSTS :
. Hr BTU. 1.0 BTUf . therm §.67 e
York GHP: 3 Toms X 3000 gr X 12000 7o& X g X 155 Brue * therm $ 603/yr

. therms 3 months $.67 -
Hot Water: 216 Ir 17 conths thern $ 36/yr

ELEC. COST: 0.35 KW X450 CoRSrating hours y 9.078 =

Yr KWH = §123yx
ENGINE MAINTENANCE: $50/yr — - s so/yr
ANNUAL YORK GHP WITH GAS WATER HEATER = §812/yr

NEW ELECTRIC A/C WITH ELECTRIC WATER HEATER

+
!

ELEC. COSTS:

: Hr 1.2 kKW $.078 I
A/C : 3 Tons X 3000 ¢ X Ton X Ran $ B42/yr
: K o.078 ] |
Hot Water: 4195 -5— X ‘pom _ $ 327/yr
ANNUAL ELECTRIC OPERATING COST : = $1,169/yr
~SAVINGS -

NEW ELEC. A/C WITH YORK GHP WITH ~

ELECTRIC HOT WATER - GAS HOT WATER - ANNUAL SAVINGS

$1,169/YR - § Bl12/¥R = § 357/¥R



CITY GAS COMPANY OF FLORIDA

: An NE&T Company
" Mr. Joseph D. Jenkins . Sept. 3, 1993

Director-Div. of Electric & Gas
Florida Public Service Commission
101 East Gaines Street

Tallahassee, FL 32301

RE: CITY GAS COMPANY'S RESPONSE TO INTERROGATORIES ON
ELECTRIC UTILITIES ADOPTION OF CONSERVATION GOALS

Dear Mr. Jenkins:

Enclosed please find City Gas Company's Response to Tampa Electric's First
Set of Interrogatories that was réquested by September 6, 1993. We understand that
City Gas Company's response to this set of Interrogatories from Tampa Electric is not
required since the original Interrogatories from the Staff to the Electric Utilities is
being rescinded. We also understand that a new set of Interrogatories from the Staff to
the Electric Utilities will be issued after collecting additional information on the
commercially available gas technologies from the gas utilities. Please review the

enclosed information and let me know if this is the information that is needed by the
PSC Staff.

Please indicate which of the following commercially available gas technologies
should be included:
Gas Cogeneration
Gas Engine Chillers
Gas Engine Heat Pumps
Gas Engine A/C Systems
Desiccant Dehumidification
Gas Hot Water
Gas Space Heating

Please let me know if you would like copies of any of the video presentations,
publications, studies, and equipment specifications that are discussed in the following
text. I would be glad to meet with your staff to make any presentations, answer
questions and provide any additional information on new gas technologies.

Thank you for your assistance.

Sincerely,
enclosures g8y C. '—'r/umm
cc: Langer, J. Richard C. Furman
Stark, J. Consulting Engineer, City Gas Co. of FL
beciVera KruTSingee 10404 SW 128 Terrace :
Mary A HeHon ™ Miami, FL 33176

(305) 232-4074

MIAMI OIVISION: 955 E 25TH STREET » HIALEAH, FL 33013-3498 » 305-891-8710 » FAX 303-891-7112
BAREVARD DIVISION: 4180 SOUTH U.S, 1 « ROCKLEDGE, FL 32855-3308 + 407-536-4644 = FAX 407-833-6733

TREASURE COAST OIVISION: 1323 NW ST LUCIE WEST BOULEVARD « PORT ST LUCIE, FL 34888 » 407-871-2551 » FAX 407-871-2044




DRAFT-FOR YOUR COMMENTS

CITY GAS COMPANY'S RESPONSE TO FIRST SET OF INTERROGATORIES FROM TAMPA ELECTRIC COMPANY

BACKGROUND

City Gas Company believes that the proper application of natural gas ccoling
technologies will have positive benefits for electric and gas utilities while
providing cost savings for the end user, more efficient use of our natural resources
and less emissions to the enviromment. City Gas Company would like to work
together with other electric and gas utilities to offer coordinated conservatiom
programs for the more widespread use of these new technologies. In other areas of
the country gas and electric utilities are working together, like Con Edison and
Brooklyn Union Gas, to offer rebate programs for gas cooling equipment. This demand
side management program reduces the need to construct new electric generating
capacity while making better use of the existing natural gas distribution system.
The enclosed brochure from Con Edison entitled '"Con Edison Enlightened Energy
Rebate Program - High Efficiepcy Gas Air Conditioning' and the enclosed brochure
from Brooklyn Union Gas entitled "Gas Cools. Gas Saves" describes how electric and
gas utilities can work together.

The availability of a new generation of more efficient and reliable gas
cooling products from a number of manufacturers is one reason for renewed interest
in gas cooling. A good source of information on the gas cooling equipment that is
currently available from various manufacturers is a publication by the American
Gas Cooling Center (AGCC), 1515 Wilson Blwd., Arlington, VA 22209 entitled "Natural
Gas Cooling Equipment Guide" dated October 1992. The AGCC also has an installatiom
data base consisting of installed gas cooling equipment throughout the U,S.

‘consisting of descriptions of the applications, equipment and ecomomics. The AGCC

also has installation summaries and economic analysis software based upon Trane
Company's "Trace" building analysis program.

Other recent developments contributing to the momentum toward natural gas
cooling include;
-desires to cut energy costs and eliminate electric peak demand charges
-low natural gas prices
-financial incentives from the gas industry
-need for Improved indoor air quality
~responsiveness to environmental calls for a switch to cleaner, CFC-free techno-
logies

Today, high-efficiency gas-fired coocling equipment is readily available for
commercial facilities-including hotels, hospitals, nursing homes, office buildings,
warehouses, supermarkets, and retail outlets and industrial facilities. Some
equipment on the market is also appropriate for residential use. In additiom,
several promising systems being developed and demonstrated today are expected to
reach the market place within the next few years.

There are three basic types of gas cooling systems available today -
absorption, engine-driven, and desiccant. Each type is readily available from
multiple vendors in standard packaged systems that have proven reliable in a
variety of applications. Most manufacturers will also provide larger units or
special custom configuraticons tailored to meet the needs of virtually any application.
Absorption and desiccant systems are particularly amenable tc being packaged with
cogeneration systems, which provide the heat needed to power their chillers. The
American Gas Association has a video tape entitled "Natural Gas Cooling - Today's
Solution to Tomorrow's Problems' which is an excellent introduction to these




three basic types of gas cooling and shows various applications. The proper
application of each of these technologies is the key to reducing energy costs.

The first set of interrogatories to City Gas Company only lists some of
the new gas cooling equipment available from some of the manufacturers. Therefore
our response will be as specific as possible for these individual pieces of equipment
but also include our assessment of the overall technical and economic feasibility
of gas cooling technologies in Florida.




1.0 "SUPERAIRE"” DESICCANT DEHUMIDIFICATION

Commercial dehumidification systems have historically been
developed to correct specific high humidity problems that
could not be resolved with other technologies. In these
applications the service interruptions, product loss, etc.
easily justified the high capital cost of the equipment.

More recently, manufacturers have refined the technology
so that the equipment is available at lower cost for a
wider variety of applications. At the same time standards
for indoor air quality are becoming stricter, requiring
much more outside air to be processed through a building's
air conditioning system. in Florida the amount of
moisture that must bd® removed in such a system is
significant all year long.

\
The primary functions of a commercial air conditioning
system are normally to reduce the humidity of an air
stream ("latent”™ coocling) and to lower temperature
("sensible"” cooling). Most air conditioners perform
latent and sensible cooling simultaneously by cooling the
air stream until sufficient moisture condenses cut. Where
low humidity levels are required, the air is sub-cooled
and then reheated to a comfortable level before it can be
reintroduced to the conditiconed space.

Desiccant systems, 1in contrast, directly remove moisture
from the air without cocoling it. Combining a desiccant
system with a separate chiller enables the user to control
humidity and temperature independently. This capability
provides several potential benefits:

* Eliminates condensation on cooling coils and in drip
pans and reduces humidity levels .in ducts, which virtually
eliminates the growth of mold, mildew, and bacteria. This
reduces costly maintenance and helps avoid indoor air
quality problems.

*¥ Lowers humidity levels in occupied space and
pravides equivalent comfort levels at higher temperatures,
which allows set points on chillers to be raised to save
energy and reduce operating costs.

* Permits the downsizing of chillers and ducts in new
construction, which can yield significant cost savings-in
many cases, making the first cost equal to or lower than
that of conventional electric coocliing systems.

* Stretches the capacity of existing chillers-where
loads increase to make existing chillers insufficient,
adding a desiccant system may eliminate the need to
replace a functioning chiller with a2 larger unit.

Page 1-1



[n general, desiccant systems are suitable for any
facility where a low dew point is required or the ratio of
latent to sensible cooling loads is high. A few examples
of attractive applications for desiccants are:

* Supermarkets-eliminating frost build up on foods and
" freezer case coils; reducing sweat on refrigerated cases;
greatly reducing electricity use; and maintaining a more
comfortable environment.

* Offices and retail stores-helping to eliminate‘"sick
building syndrome;" stretching the capacity of existing
chillers. ‘

* Hotels-eliminating mold and mildew problems, along
with musty odors
]
* |ndustrial applications-eliminating problems in
manufacturing moisture-sensitive products,

* Other appropriate applications are SCHOOLS,
HOSPITALS, NURSING HOMES, MUSEUMS & LIBRARIES, and ICE
RINKS.

The central component of desiccant systems is the
desiccant material itself. Two basic types are used: (1)
a solid crystalline material, such as lithium chloride or
silica gel impregnated into the flutes of a rotating
honeycomb wheel; or (2) a liguid that is sprayed into the
air stream. The desiccant captures moisture as the air
passes through its rotating wheel or liquid spray.

The removal of moisture from the air results in a release
of heat (the heat of sorption), which raises the
temperature of the air. This heat can then be transferred
to the air used to regenerate the desiccant by using a

heat pipe or heat wheel. Figure 1.1 shows a typical
desiccant dehumidifier consisting of a desiccant wheel, a
heat exchanger and a heat source for regeneration, in

most commercial applications this heat source is most
economically fueled by natural gas.

The SuperAire system referenced by Staff interrcgatory #1
is typical of the latest commercially available air
conditioning systems which employ a desiccant impregnated
rotating wheel as the key component in the process.
SuperAire is representatlve of a larger product line
produced by Munter's CargoCaire and its affiliates, which
also includes custom-built and retrofit equipment. Other
manufacturers produce similar equipment employing certain
nroprietary variations to the design'. SuperAire in
particular is designed for new installations or total
replacement of existing conventiconal air conditioning
installations.

RPage 1-2




Since the basic operating principle of a desiccant system
differs dramatically from that of a conventional cooling
system, desiccants cannot simply be substituted for
electric cooling systems {(or absorption or engine-driven
systems) on a ton-for-ton basis. Conventional systems
designed to produce low-humidity conditions typically
contain considerable excess capacity that is required for
sub-cooling.: In one case, for example, it was possible to
substitute a 77-ton electric chiller combined with a
53-ton desiccant unit (a total of 130 tons) for a 1680-ton
electric chiller. Lowering humidity levels with a
desiccant system may also make it possible to raise the
operating temperature of the supplemental gas or electric
chiller, which can y1e]d significant efficiency
1mprovement :

\

In a report published recently in the ASHRAE TRANSACTIONS
N.J. Banks describes in considerable detail a fully
instrumented 1 year test of a typical applicatien at the
Marriott Courtyard Hotel in West Palim Beach, FL. The
results showed that the desiccant based system maintained
lower humidity levels and used less energy than an
appropriately sized cool/reheat system. Figure 1.2 is
borrowed from that repert?.

Tests are now being‘conducted on a larger, more advanced
unit 4t the Swan Hotel at Disney World near Orlando.

An earlier study of a SuperAire supermarket installation
in San Antonio, Texas showed excellent energy saving
performance, as shown in Figure 1.33%.

It is possible to use computer modeling techniques to
predict energy consumption characteristics for gas-fired
desiccant systems compared to a properly sized cool/reheat
system using electric resistance heating elements. In a
recent study of a high-rise hotel in Fort Lauderdale
substantial energy savings were forecast feor a desiccant
system when compared to proper cperation of the existing
system and using historical weather data. The results are
summarized in Figure 1.4.

A partial list of desiccant systems installed in Florida
and other states with similar climatic characteristics 1is
shown in Figure 1.5.

RECOMMENDAT I ONS

Gas-fired desiccant dehumidification systems offer an
alternative to conventional vapor compression cycle air
conditioning systems which can defer new power plant
construction, reduce consumption of natural resources, and
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‘reduce the use of CFC's, HCFC's and other refrigerants.

Electric and Gas utilities should cooperate in encouraging
the use of this equipment by offering incentives to

.customers and publicizing the opportunities to use this

technology.

_At this time in Florida only Gas utilities offer first

cost assistance to prospective purchasers. This is

.usuaily based on the tons of electric-powered equipment

displaced and electric strip heating eliminated.

Page 1-4




REGENERATION
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HEAT DESICCANT
EXCHANGER WHEEL

FIGURE 1.1 - TYPICAL DESICCANT DEHUMIDIFICATION SYSTEM



TEodTHYSY

Energy and Annual Operabng Coul.s

R R Ao S
$22,082

Eﬂorgy ond Annual Oporatjj Coata $25,828
Gas 22359 Thorms $3,496 Qsos 9932 Thorms $3,774
Coollng 78234 Kwh $5,476 Cooling 230585 Kwh $16,141
Fan ", 74889 Kwh £5,242 Fan 18248 Kwh $t.277
Poak 32 Kwh $2,867 P oak 52 Kwh $4,636

1-YEAR TEST RESULTS
ENERGY AND OPERATING COST COMPARISON

\

'FOR

MARRIOTT COURTYARDS HOTEL — WEST PALM BEACH>

\

Flgure 1.2

FIRST COST AND ANNUAL COST CUMPAR|30N3 : ?
(H.E. Buft Store, San Antonio, Texas) ‘

Types oi’ HYAC Systems

Conventional Vapor Compression

a gas rate of §.41[therm.

SuperAire Dual Coil Single Coil
Store conditions 75°F, 40%rh  75°F, 48%rh  75°F, 48%ch
0.5 ef/fd 0.8 cfm/fi2 1.0 cfm/fi2
HVAC system first cost
a. System, delivered 366,254 $60,324 $52.324
b. System installation 13,020 1,150 11.150
c. Duct system instailed 17,146 28,711 _ 31,249
_ Totat First Caost $96,420 $100,185 $94,723
Aunnual costs*
a. Ulility cost
1. HVAC system $10.440 514,389 $17.355
2. Reflrig..food cases 62,508 © 63.010* GR.010
b. Maintenance cost 1,824 [,746 1,746
‘Tatal Annuzl Costs $74,822 = $84,145 $R7. 111

* Gosts are based on an electricity rate of $.0499/kWh and no demand charge and

Figure 1.3




FEASIBILITY STUDY
FOR _
FORT LAUDERDALE HI-R!SE HOTEL

GAS-F!RED DESICCANT VS. EX!STING CQOL/REHEAT SYSTEM
[NOTE: ANALYSIS FOR\QUTSIDE AIR PORTION OF SYSTEM ONLY!]
System as designed:

28800 CFM outside air

62 DB/60.8 WB Leaving air (approx 78 GR/LB)

72 DB Delivery air

200 KW heating coitls

Design heating temp 80 DB

Chiller efficiency 1.0 KW/TON (cocl/reneat)
0.9 KW/TON (desiccant)

RESULTS:
Existing Desiccant

Tons 150.1 ' 45.8
Cooling KWH £45,039 133,296
Reheat KWH 625,009 . 0
Heating KWH 299 364 0
Total KWH 1,569,413 133,296
Cooling gas MCF 0 7,907
Heating gas MCF 0 1,385
Annual oper cost $1D2,012 g 50,479

Figure 1.4




DESICCANT DEHUMIDIFICATION
N THE SOUTHEASTERN STATES

ALABAMA

ARKANSAS

‘FLORIDA

GEORGI A

MISSISSIPPI

N. CAROLINA

TEXAS

Liz Claiborne Clothing Warehouse
~-Montgomery (5 units-in process)

waltMart
-Conway
-Little Rock
-Morrilton
-Ash Flat
-Pocahantas

" ~West Helena

\

Fort Patrick AFB Commissary
Wa1Mart-We§t Palm Beach

Marriott Courtyard-West Palm Beach
Winn Dixie-Jacksonville

Swan Hotel-Disney World

Cub Foods Supermarket (2)

-Atlanta
WalMart
-Senatobia
-Amory

Harris Teeter
-Charlotte

Appletree-Houston
H.E.B.-San Antonio
Fiesta-Austin

Tom Thumb-Dallas

WaliMart

-t ivingston
-Victoria
-Corpus Christi
-McAllen

Figure 1.5

INSTALLAT!ONS

1CC

MUNTERS

{CC

MUNTERS

MUNTERS

MUNTERS

MUNTERS

ICC

MUNTERS

MUNTERS

MUNTERS

MUNTERS

MUNTERS

MUNTERS

MUNTERS




NOTES:

1 Other systems are described in THE NATURAL GAS COOLING
EQUIPMENT GUIDE published by The American Gas Cooling
Center, 1515 Wilson Blvd., Arlington, VA (10/%2)

2 ASHRAE TRANSACTIONS 18992. VvV 98 PL. 1
' \

3 TECH PROFILE "Commercial Desiccant-Based Cooling System’
Gas Research Institute #0289LP18000




DRAFT-FOR YOUR COMMENTS

2.0 "Tecochill" - Gas Engine Driven Chiller

A gas engine-driven chiller employs the same cooling process as a conventional
electric-powered system. The main difference is that the electric motor is replaced
by an engine. This switch yields variable-speed operation capability, higher part-
load efficiency, efficient high-temperature waste-heat recovery for domestic water
heating or steam generatiom, and in the proper applications, reduced operating cost.

City Gas Company presently has two Tecochill gas engine chillers installed
in our service territory. A Tecochill 160 ton natural gas engine chiller was in-
stalled at Green Briar Nursing Center in Miami on August 18, 1990. This system can
supply all of the chilled water and most of the hot water for this facility. The
demonstrated energy savings for both chilled water and hot water was 54%. Enclosed
for your information is a "Chiller Application Report" for Green Briar which includes
a comparison of the monthly energy costs for electric and gas engine chillers. Also
enclosed is a recent Miami Herald article which includes an interview with the
owner of Green Briar and a product specifications sheet for the Tecochill 125/150
ton chiller. \

A Tecochill 150 ton natural gas engine chiller was installed at the Miami
Vila Hotel in South Miami on November 16, 1991. This system can supply all the
chilled water and most of the hot water for this facility. The calculated energy
savings for both chilled water and hot water is 46%. Enclosed is a description of
this application entitled '"Miami Vila Hotel",

Before encouraging the use of Tecochill's gas engine chillers, City Gas
Company conducted technical and economic evaluations on the use of gas engine chillers
versus conventional electric chillers in Florida. This included site wvisits to
about six Tecochill installations to discuss the operating costs, maintenance costs
and equipment reliability.

Cur evaluations indicated that for a fair comparison of electric versus
gas energy systems it is essential to consider the total energy supply system. This
is necessary to compare total system efficiency, total capital costs and total
energy costs. Table 2.1- Total Energy Supply System shows the efficiency, capital
cost and energy cost for a typical electric chiller system versus a natural gas
engine system. For this analysis a 150 ton chiller size was used which is typical
of the more than over 200 Tecochill units now operating in the U.S. in this size
range.

The efficiency diagram in Table Zl shows that during the production of
electricity 67% of the energy is wasted., This energy is lost as waste heat to the
cooling tower, pond, river or ocean and through the smoke stack. Because these power
plants are remotely located this waste heat is not used. When the losses for
electrical transmission and distribution are accounted for the end user only has 30%
of the energy that was consumed in the power plant. This is a tremendous waste of
our energy resources. At the users site the electricity is used in an electric
chiller with a typical electric motor efficiency of 90% therby providing 27% of the
original energy to the shaft of the compressor which provides the air conditioning.
Therefore the total system efficiency for this typical electric chiller system is 27%.

The efficiency diagram in Table Zl also shows that natural gas can be used
directly in the gas engine chiller without the inefficiencies of electric power
production to provide 28% of the original energy to the shaft of the compressor which
provides the air conditioning. This 28% efficiency is not a significant improvement
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Green Briar
Nursing Center
Miami, Florida

The Green Briar Nursing Center is
a 203 bed comprehensive and reha-
bilitative care center located in the
Kendall area of Miami. This one
and two story building consists of
about 75,000 sq. ft., originally
served by two electric reciprocat-
ing compressor chillers totaling 180
tons of capacity.

Installed and serviced by Airko
Service, Inc., the new 160 ton Teco-
chill system was placed in operation in August,
1990 as an alternative to the existing electric
chillers. The system runs on inexpensive, plentiful
naturai gas and is designed to make use of the
waste heat from the engine to supply almost all of
the hot water for the kitchen, laundry, and domes-
tic loads. Started during the middle of the summer
the Tecochill unit has been able to satisfy Green
Briar's peak cooling demands.

City Gas Company of Florida provided support
for installing the Tecochill system at Green Briar

8

The Green Briar Nursing Center demands
o high level of comfort for its patients as
wetl os energy savings. The Tecochill sys-
temn has satisfied both with an energy
savings of $4,567 (54%) during the first
month of operation.

Richard Furman, engineering consuftant
on the project, commented during a recent
visit: “The Tecechill system has surpassed
our performance goals and initial energy
savings estimates. It is definitely suited
for our hot and humid South Florida
climate!

and, like many other natural gas utilities, con-
tinues to provide incentives to customers who use
natural gas cooling.

KEY DATA

Installed: August 18, 1990

Availability: 98% - first month

Energy Savings: $4,567 - first month

Benefits: Energy savings and hot water recovery

CITY GAS CONMIPANY OF FLORIDA




160 TON

NATURAL GAS ENGINE CHILLER
MONTHLY ENERGY SAVINGS - AUG./SEPT.
GREEN BRIAR NURSING CENTER

Actual Energy Bills - Aug./Sept.

1989
NATURAL GAS $ 2,039
ELECTRICITY $18.189
TOTAL J $20.228

DIFFERENCE

1990

$ 4333
$10,799

$15.132
$ 5.096/MONTH

Changes in Energy Costs - Aug./Sept.

1989

NATURAL GAS

BOILER $ 1,167

CHILLER 0-
ELECTRICITY

CHILLER $ 7.008
TOTAL $ 8395
SAVINGS

1990

$ 3,828

-0-
$ 3.828

$ 4.567/MONTH
(54%)

FOR FURTHER INFORMATION CONTACT:

~

City Gas Company of Fiorida

an ARA Company

955 East 25" Street
Hialeah, Florida 33013-3488
(305) 691-8710, ext. 220

TECOGEN INC.

A subsidiary of Therme Electron Corporation

45 First Avenue

P.O. Box 9046

Waltham, MA C2254-3046
{617) 622-1400
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Gas companies ignite battle

By XYORE F. ALVAREZ-ALFONSO
Herald Writer o

Gas companies wouwd like more
fo&smhwgﬁhmm
Each evening when Dinors Bian-

chi comes home from work, she,

cooks dinner for her family on a gas
range. .

And over the bolidiys, she plang
v roasl 4 turkey thal she, her hus-
band, Alexsandro, and their twe
young children will share with a lew
visiting {2mly members at their
home in the Northwest Dade com-
wunity of Marbells Park,

The cost of cooking that mesl caa
33 range will be balf of whal lhe

{anchis would pay o they had an
electric one, according to the U.S,
Department of Energy, Lo fact, gas
wppliances in homes could reduce
energy costs by 1 much as 40 per-
cent,

Aggressive marketing .
With m:.-dm‘ popalarity of

In national ads, gas companies
cite the Middie East crisis and warn
of mcreases in the cost of odl.

Iz South Flaridz, gas companies
are battling Florida Irower & Light
with a ting strategy that says
gas is 30 percent te 40 percent
cheaper 10 use than electricity and
more reliable. Several gas compy-
nies are offering free water heaters
ar $400 credits to hameawners whe
change over to gas.

Even though gas may be leas
expensive, the price of electricity is

mare stable, said FPL spokesman

Ray Golden, i
“Gas is in a market bubble, but a5

the

g2 will go up,” he s2id, “The price
of electricity has reached 2 poiar
where it woo't fluciuate very
wnuch,”

Bul the gas companies seem (0 be
making ioroads as an increasing
sumber of homeowners jas

over electricly to runa Lheif doves,

water heaters, clothes dryers and
— just entering the residential mar-
ket — central air-conditioning sys-
tems.

Whils the use of gas in northeast-
ern stles has been standard for
decades, it is 3 relatively new fusl in
South Florida, said Bruce Henning,
of the economic analysis divisign of
the American Gas Association. 2
trade grown in Washingron, D.C.
The first pipes of naturai gas were
nroduced in Florida in the [960s,

The number of homeowners con.
verting to gus has reached records,
£33 COMparyes aay,

[n the past year, about 3,750 of
the 150,000 hames in Dade County
nooked up to gaa lines, y

During the last 12 months, 2,200
homeowners i Dade and Broward
counies turned to City Gas Co, of
Hialeah for service to rum gas.
operated appliances, That's an

I8rvice srass ae n acat-
1arad QeODIRphic pockets, and

oouiatud by the Plrica
Ars
Pyblic Service Commission.
in sddition, namenous com-

. paniss provicly borred, of pro-

pane, gas sefvice. .
Hata is & ket of the PSCeg-
uisted natural gas companies,
thelr paneral Service arsas and
Lelaphone numbers lor knfor-
matlon

K Peoples Gas Co. serves
he area ponerally ses! of 195
trom il 4 Broward County ine
to ihe Old Cutler ares. Calt
{306) 893-2522 rom 8 am.

Socves
area Qenerslly west of 27th

Averca, ncluding many of the
hew n Northwest
and Sout

Fwirs) Dade, Call
{305) 591-8710, ext. 210,
rom 8.am. 1o 5 p.m. weok-

M MiFer Gas Co, sérves
paris of (ha sres from South-
west Eighth 10 72nd streets
betwsan Southwest 871 and
Kiorme avenuas, Call {305)
271-7531Irom 8 gm0 &:30
P.m, weekdays,

increase of almoxt 650 coaversidny.
Irom the previous year, when 1,552
tesidents switched ta Ciry Gas.

And during that same period,
another 1,210 homeowners in South.
Florida called o0 Pevples Gas Sys-

for South Florida customers

COOKING WITH GAS: Dinora Blanchi makes dinner st her homa kn
Marbeila Park on a gas range.

LONG-TIME USER: Retired cfiege instructor Alan Stratton has
cwnied this'gas-operated alr conditioner since 1058

electric air-conditioning unit with
2 beal-recovery system was 2 big
3avings at his business, the Green
Briar Nursing Home in Kendall,
Then City Gas came knocking at
his door.

“They came over and did a
study thal. I nteded,” be said
;And then they thowed me some

gures.
Slverman said he replaced 3
210-on eloctric air-conditioning

ton unit. He kept the H

system with 2 gas-opersted 160- '

more than 50 Scensed propene
§as companies in Florids, be said,
Prapane can be about 10 per-

ceat more ive than meth-  spokessman. Befare they can hay
ane, 32id Ken divigion sales pew gas lines, companies are
and marketing mansyer for Public to provide a feasibility
Gas, 5 i still  seudy, thowing a in the
about 30 p heaper than  plannad ares,
electricity, . “A gu company cn only
It costs 2 Hitle more than natu-  extend pipes to it present contig-
ral gas because we have to have  uous * Mills said. “And it
unks filled, unlike astursl gre, cdn extend the system when

tern {0 make their changeover o home's temperature at its wsual of wing liquid propane gas, sup- which la pumped inty the bames & feasibility study ahows that the

fas. That's up from 942 residents 75 degrees. . plied cither by an underground .o through pipes,” he aaid. ~Res- demand. for gus will geserute

the previous year, Manthly operating costs | a tank, said Rylind  dentis) propane tanis are flled  enough revenue to pay for the

by 25 percet, or [ Musick, a spokesman with the about three to four times s year,”  nstallition of those now pipes

Exspocltd.!p.rlu : o $4.700, he said, - state fire marshal'roffios in Talla- Unlike natural gas auppliers,  within a five-year period,”

“By campirissh, the munl 2 ; :

Florida ho;.: switching to gas may L - %_

be amall, but it is expected to con ey e £35. Lakes of Ker- manufactucers began pushin :

A - 2 4 f g23-  reasons why Stratton turned 10 gas.  moathly ki,

m,?ﬂhm’:inl:;'“f‘g S pale s 2 neighbarkood of 64 bomes operated clothes dryers, hesters Gas companies, however, say th
cost of electricity OB off Southwest 62nd Strset and  and sir coaditioners, Fighting back because natunal gas can be ke

“.I'E‘" 20 up, more people will jd, 14%h Avenue, lLascaster Estatesis  While gas-operated air-condition- Electric utilities are fighting back  from decomposing arganic mattz

;’ “‘f’i‘;" 'm to gas, h:‘;.:; 3 subdivision of 110 houses in Lakes  ing units are available for homes, with coal-cutting messures. the coat of supplying gas will abtwsz:

'dt:'“s .‘[‘.' 20 peccent " of the Meadow near Southwest 47th  they tend 1o be expensive and not a8~ FPL ha. lawsched 5 number of b beas than icity.

¥ G: i hm“ha"v“e” §3s. . Streetand 154th Avenue. » »* efficient as electric units, But prices  programs that procnise to save can-  “It's very inexpentive to produ

promoted energy elficiency to local We show people the low eoergy Are expected to drop withins couple  sumera money. It offera free bome  patural a8, said Jack Lange

residential builders. And builders
have found that offering the option
aof g5 appliznces is an effective mac-
keting sirategy.

Coedina Bush Homes, 2 subsidiary
of the Codina Group, is 2 new con-
vert to gas,

“City Gas approached us, and we
3aw it a3 2 strong marketing tool,"”
said Steve Suarez, president of Cod-
ina Bush Homes,

Aboul 75 percent of the buyers

who purchased 3 in the two
Southwest Dade Codina Bush com-

cost with gas, and the savings are
substantial,” Suarez said, ‘They
can dry three to four loads of clothes
.in 2 gas dryer for the same cost of
ane lad in an electric one, and the
gas dryer doesn’t bake the heck out
of é‘lf::l;ea." ha .
umers have more options
with gas appliances, said Luis Alva-
rex, &th Florida manager of sales
and administration for Peoples Cas
System.,
Gas stoves and water heaters
have been used for years in South
Florida, But recently & number of

of years, when new types of units
wre widely available, said Joe Sitra,
president of Miami-based Sitra Dis-
tributing Ca.
Hol new to him
Gas-operated  air-cooditioning
units are nothing new to retized col-
lege instructor Alan Stratton,
- "I've owned 2 gas-operated air
conditioner since 1958, ad Straq-
toa, 2 Miami Beach residest. “Gas is
1 lot cheaper than electricity,”
Frequent power sorges and out-
ages on Miami Beach were other

energy efficiency tests and tips on
haw 10 reduce electricity P

preaident of City Gas, “Because §:
s

ton. Its O Cal program can save
consumers up to $161 annually,
according 16 a recent bill-stuffer,
The program includes what FPL
tally an “energy management
device” attached lo a large appli-
ance of choice ,nam:h'::ﬁlmairh
conditioning system or
During periods of heavy =laecmcm
gemand, the cuatomer agrees ia let
FPL rurn off the air conditioner or
pool pump for short intervaha in
exchange ln.r 1 ama] discount on the

1) P e, even
Lke FPL use it to generate electr
iy,

Buyyers get cholce

Builder Charles Goodpaste

esident of Miami-based ‘Haml

velopment, pives home buyers
choice of gas or electricity, b
charges $1,000 extra for hom.
that run entirely oo dectricity.

In this age of power and fuel, »
believe that a2 is mare efficient
less costly,” he maid, o




CITY GAS COMPANY OF FLORIDA

An NG Company

MIAMI VILA HOTEL

The Miami Vila Hotel is a new 118 room hotel located in South Miami,
Florida. This four story Mediterranean-style hotel was originally designed
with individual room A/C units. When the owners asked the design engineer for
a more energy efficient building design with lower operating costs, a natural
gas engine chiller was suggested. .City Gas Company prepared an energy and
cost analysis for the owners comparing the operating and capital costs for
the individual electric room A/C units versus a central gas engine chiller system,
With hot water recovery from the engine to supply the hot water for the
kitchen, laundry, swimming pool and domestic uses the gas engine chiller
was the easy choice. City Gas Cowpany provided an equipment rebate for the
150 ton Tecochill gas engine chiller and engineering assistance during design
and installation. !

This Tecochill 150 ton‘unit has operated since Nomember, 1991
providing all of the chilled water and most of the hot water for this new hotel.
The owners of the hotel, who are pictured in the enclosed picture of the Tecochill
unit, are very pleased with its operation including its energy efficiency
(46% savings versus electric A/C units) and its high reliability (98.9%
availability).

The owners of the Miami Vila Hotel had an additional benefit of
owning a gas engine chiller that was demonstrated as a result of Hurricane
Andrew that hit Miami in August 1992. During Hurricane Andrew the hotel lost
electric power for more than a week. However all of the hotel's facilities,
including the gas A/C system were able to operate with the help of a rental
standby generator. The hotel quickly filled with guests whose homes had been
damaged or destroyed. This Tecochill unit was a hero during one of the worst

disasters in Miami. Facilities now can appreciate the added value of having
gas cocling.

MIAMI DIVISION: 355 E 25TH STREET » HIALEAH, FL 33013-3488 « 305-691-8710 » FAX 305-851-7112
BREVARD DIVISION: 4180 SOUTH LS. 1 « ROCKLEDGE, FL 32955-5308 « 407-636-4644 « FAX 407-833-6733
TREASURE CCAST DIVISION: 1323 NW 8T LUCIE WEST BOULEVARD « PORT ST LUCIE, FL 34986 = 407-873-2551 « FAX 407-871-2044



over the 27% efficiency for the electric system but since the engine is located at
the users site the waste heat from the engine and exhaust can be recovered and used.
This waste heat accounts for 50% of the input fuel. By combining the 28% shaft
power output with the 507 recovery as hot water, the total system efficiency for
this typical gas engine chiller system is 78%Z. This is a significant improvement
from the 27% total system efficiency for the electric chiller system. This
significant improvement in total system efficiency can significantly reduce
operating costs and reduce emissions to the environment while reducing the need

for new power plants in Florida. A more detailed evaluation of the efficiency of
gas versus electric cooling systems can be found in a report by Timothy K. Costello
for the People for Equitable Energy Rates, Inc. (PEER) entitled "A Comparative
Overview of Cas and Electric Cooling Technologies in Connecticut” dated September
1990.

Table 2.1 alsc compares the wmpital cost for electric versus gas engine
chillers for the total energy system that is required to support each additional ton
of air conditioning. TFor a new electric chiller that requires 0.7 KW/ton and a new
electric power plant that costs $1000/KW it requires $700/ton of capital for the
power plant that supplies the' new electric chiller. For this simplified analysis
we have omitted the cost of the electric transmission and distribution system
which is also required for this new load. The end user will typically pay about
$300/ton for the equipment cost of a new 150 ton electric chiller. Therefore the
total capital cost for the electric system is $1000/ton. For the natural gas system
no additional production facilities are required and therefore no additional
capital expense is required by the gas utility. However the natural gas engine
chiller at $450/ton is about 50% more expensive for the end user. This higher
chiller cost is due to a more complicated piece of equipment and low production
volumes. This indicates the need for equipment rebates to offset the higher first
cost to the end user. The total cgpital cost for the gas system is $450/ton. There-
fore total capital can be conserved by using the gas engine chillers and avoiding
the need to construct costly, new electric generating plants.

TaBie 2.1 also compares the energy costs for the end user for the production
of chilled water only. This simplified analysis does not include the cost savings
by displacing the hot water that is required at the user's site. Using typical
commercial electric and gas rates in Florida and the energy required per tom of
A/C for both electric and gas chillers the energy costs were calculated. The typical
150 ton electric chiller's energy cost is $0.052/ton-hr versus $0.032/ton-hr. for
the typical 150 ton gas engine chiller. This demonstrates the significant energy
cost savings potential for the end user. This simplified comparison does not
include the added maintenance cost for the gas engine chiller or the added hot
water savings for the gas engine chiller which will be included in the next
operating cost comparison.

Table 2.2 presents the "Annual Operation Cost Savings" for a 160 ton natural
gas engine chiller versus 160 ton electric chillers in South Florida. COperating
costs are dependent upon a number of variables depending upon the specific application.
Therefore Table 22was compiled to evaluate a wide range of possible applications.
The calculation methods used are shown in Table 2.2a.The top line of Table 22 shows
the efficiencies of three possible electric chillers at 1.25 KW/tom, 1.0 KW/ton
and 0.65 KW/ton. These various values were selected to represent older inefficient
chillers at 1.25 KW/ton, typical existing chillers at 1.0 KW/ton and new high
efficiency chillers at $.65 KW/ton. Please note that these values are the
integrated part load values (IPLV). The second line of Table 22 shows the equivalent
full load hours of operation (EFLH) at 6000 hours per year and 3000 hours per year.
The 6000 EFLH represents 8500 actual operating hours per year or a 70%Z load factor
which is typical of hospitals, hotels or nursinghomes in South Florida. The 3000
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TABLE 2.1 - TOTAL ENERGY SUPPLY SYSTEM

ELECTRIC CHILLER SYSTEM

EFFICIENCY - 94% 90% 90X
g DISTRIBUTION ., | ELECTRIC 27
e
SYSTEMS MOTOR EFFICIENCY
POWER PLANT ELECTRIC CHILLER
CAPITAL COST $ 700 / ton + = $ 300 / ton = $ 10600 / ton
ENERGY COST $ 0.075 / kvh x 0.7 kw / ton = § 0.052 / ton-hr
NATURAL GAS ENGINE CHILLER SYSTEM
EFFICIENCY 287
. NATURAL
100% 100% GAS
ENGINE
78%
EFFICIENCY

CAPITAL COST

ENERGY COST

NATURAL GAS
0

§ 4.50 / MMBtu

[ 50%

CHEAT RECOV@—#-

GAS CHILLER )
$ 450 / ton = $ 450 / ton

7060 Btu / ton hr = $0.032 / ton-hr



TABLE 2.2

SOUTH FLORIDA

ANNUAL OPERATING COST SAVINGS

160 TON CHILLERS

NATURAL GAS ENGINE CHILLER VS. ELECTRIC CHILLERS

ELECTRIC CHILLER EFF. 1.25 KW/TON ' 1.0 KW/TON 0.65 KW/TON
FULL LOAD - HOURS/YR 6000 . " 3000 6000 3000~ 6000 3000
SAVINGS - $/YR-

A/C + HOT WATER $ 58,606 $ 36,503 $ 43,606 | . $ 27,503 $§ 22,606 $ 14,903
A/C ONLY $ 33,406 ' $ 23,903 $ 18,406 $ 14,903 - (5 2,594) $ 2,303

. BASIS: Natural Gas Cost

Electric Cost

Gas Engine Chiller Efficiency
Add'l Maint. + Engine Replacement
Gas Engine Chiller Electric
Existing Boiler Efficiency

Chiller Capacity Factors

Eq. Full Load Operating Hours

(HR/YR) (HR/YR)
6000 . 8500
3000 5500

L]

fi

i

$0.45/therm
$0.05/KWH + $6.25/KW
1.70 C.0.P. IPLV
$0.01/ton"hr.

3 KW

75%

70.6%
54.5%




EFLH represents 5500 actual operating hours per year or a 54% load factor which is
typical of an office building in South Florida. The third line of Table 22 shows the
annual operating cost savings for each of these applications if all of the hot water
can be used. The fourth line of Table 22 shows the annual operating cost savings if
none of the hot water can be used at the site. Please note that the basis used

for these savings calculations include: typical commercial gas and electric rates

in South Florida; a gas engine chiller efficiency for a Tecochill 160 ton unit of
1.70 €.0.P. (IPLV at ART conditions); an additional maintenance and engine replace-
ment cost of $0.0l/ton'hr; an auxiliary electric consumption for the gas chiller of
3 KW; and an existing hot water boiler efficiency of 75%. These input values are
needed to account for the added maintenance costs of a gas engine chiller, the
auxiliary electric required for a gas engine chiller and the hot water savings that
can possibly be used at the site.

Table 22 shows that for most of the applications there is a significant
operating cost savings for the gas.engine chiller versus the electric chillers.
Obviously the most dramatic savings occur when you are replacing old inefficient
electric..equipment. However, Table 22 also shows that even if a gas engine chiller
is used in place of a new high efficiency electric chiller there is significant
savings if there is a use for the hot water. Therefore we have targeted our marekting
effort to applications like hotels, nursing homes, hospitals, manufacturing plants
and buildings requiring reheat for humidity control. The applications that do not
have significant operating cost savings are where there are no uses for the hot
water, such as office buildings.

This operating cost savings analysis indicates that there are certain
applications that are appropriate for gas engine chillers and certain applications
that are appropriate for new high efficiency electric chillers. The electric and
gas utilities' rebate programs should be coordinated so that the electric utilities
focus on applications that do not have a large hot water demand and the gas
utilities should focus on applications that can make use of the hot water. Since
the electric utilities will benefit from the reduced demand to build new electric
generating capacity from both the use of new high efficiency electric chillers and
new gas engine chillers then it is logical that the electric utilities should offer
rebates for both types of chillers.Table 2.2A shows the calculations that were used to
determine the annual operating costs for electric and gas engine chillers.

Table 23 entitled "Electric Chiller Rebate Program' shows the impact on
Florida Power & Light (FPL) of their present electric chiller rebate program for a
typical application at Dadeland Towers. An old electric chiller at 1.20 KW/ton was
replaced with a new high efficiency electric chiller at 0.68 KW/ton. This
application will reduce electric demand by 100 KW at a cost to FPL of $10,555 for
the rebate and lost revenue of $25,000/yr. For comparisoen a cost/benefit is computed
for the rebate and the lost revenue. For this application the benefit to FPL
of reducing demand by 100 KW cost $105/KW for the rebate and $250/yr/KW for the lost
revenue.

Table 24 entitled "Proposed Gas Chiller Program' shows the impact on FPL
of a gas engine chiller installation for this same application with no rebate
offered by FPL., Since the gas engine chiller requires very little electricity
(0.02 KW/ton) the demand reduction is signhificantly increased to 240 KW of demand or
2,4 times the demand reduction for the mew high efficiency electric chiller. The
lost revenue for FPL would be $56,730/yr and it was assumed for this analysis that
no rebate was available from FPL. Therefore the benefit of this 240 KW demand
reduction to FPL was $0Q/KW of rebate and $236/yr/Kw. Therefore it is less costly
for FPL to obtain demand reductions with gas engine chiller installations than their
present electric chiller rebate program. To obtain the same cost/benefit ratio as
the FPL rebate program FPL could offer a rebate of $25,332 or 2.4 times the electric




TABLE 2.2A - SAMPLE CALCULATIONS
ANNUAT, OPERATING COSTS - TECCCHILL VS, ELECTRIC CHILLER

—-TECOCHILL CALCULATTIONS-
(ooc EFLH w/Heat Raceoety)
Eq. Full Load

A/C Capacity Gas Rate Hours per Yr. C.0.P.
12,000 BTU s 4.80 A EFLE  / BIU
PR Ll Bl dd o] O oo Lrui el
GAS COST : ——f——— x [60 Tons X 165 570, T 1.7 BTU¢
Run Hrs Demand
ELEC. COST: KW Load $/KWH e $/KW-Mo  Months/Yr
Tecochill '
§ ©.08 Hr $6.25 . |2 Mo
3.0k X Gy x 8500 3, + Mo KW % TR
ENCTNE MAINT. 3§ 6,01 /Ton-Hr. X /&0 Tons X 6000IZEE -
REPLACEMENT
HOT WATER MMBTU/HR Gas Rate EFLH Boiler Eff.
SAVINGS 0.7 X 108 BTU s 4.50 Looo 75 4
Hr 100 BT Ir

TECOCHILL ANNUAL OPERATING COST

~ELECTRIC CHILLER CALCULATIONS-
( eoaa EFLH 5 1.0 Koofp ()

Full Load
IPLV ' KW/Ton
Capacity $/KWH EFLH KW/Ton Capacity X $/MoKW X Mo X / 4
: . $0.05 Hr . [.O KW $6.25 O KW _
ELEC. COST: ( /€O Tons X Frme== X 60005~ X 2= ) 4 ( ]6O Tons X TRAER-X |2 Mo. X =) = 60)000/\/&
~SAVINGS-

FLECTRIC - TECOCHILL = ANNUAL SAVINGS
# # ~ '3

60,000/ — 16,374 /m g 43 606 /we.

I

* 30,49 /.

¢ /, 500 /YR.

# 9,600 /ye.

(%25, Zc;Q/YRD

516,379y /yk.



Kilowatt Demaand

TABLE 2.3 - ELECTRIC CHILLER REBATE PROGRAM

Dadeland Towers :
1951 Load Profile - 9300 Building

550

100 KW
REDUCTION

Jan Feb Mar Apr May Jun  Jul  Aug Sep Oct  Nov Dec

New Chiller = — = 0ld Chillers

FPL COST BENEFIT ANALYSIS FOR FPL CHILLER REBATE PROGRAM
EHLIQ_ ﬁ_ﬂLiR_ ELEQ QQ§12 CUSTOMER SAVINGS

OLD ELEC. cHILLER  1.20 961,536 $ 57,692/vR: --
NEW ELEC. CHILLER  0.68 SuL4, 871 '$ 32,692/yr.  $ 25,000/vR.
1. 200 tons @ 4006 EFLH; 2. § 0.08/KWH
REBATE ‘ LOST REVENUE
FPL COSTS: $10,555 + $ 25,000/vR.
FPL BENEFIT: 100 KW OF DEMAND REDUCTION

FPL COST/BENEFIT: - $105/7kw. * $250/ YR/ kW



Kilowatt Demand

TABLE 2.4 -~ PROPOSED GAS CHILLER PROGRAM

Dadeland Towers :
1391 Load Profile — 9300 Building

550

300
I 240 KW
- REDUCTION
:__ S~ T T~
=~ N
i ~\\,,,—” \\\
Jan Feb Mar Apr May Jun Jul  Aug Sep Oct Nov Dec
—— New Chiller = = = 0Id Chillers e —e (3as Chiller
FPL COST BENEFIT ANALYSIS FOR GAS CHILLER PROGRAM
KW/ TON KWH/YR ~ ELEC. COST  CUTOMER SAVINGS
OLD ELEC. CHILLER 1.20 961,536 57,692 --
NEW ELEC. CHILLER 0.68 544,871 32,0892 $ 25,000/vR.
NEW GAS CHILLER 0.02 16,026 962 " $ 56,730/YR.
REBATE LOST_REVENUE
FPL COSTS: $0 + $ 56,730/YR.
FPL BENEFIT: ' 240 KW OF DEMAND REDUCTION

FPL COST/BENEFIT $ 0/xw + $236/ YR/ KW




¥

TABLE 2.5 ~ UTILITY CHILLER REBATE PROGRAMS

CONCLUSIONS

GAS ENGINE CHILLER REPLACEMENTS COST.FPL LESS THAN ELECTRIC CHILLER
REPLACEMENTS FOR THE SAME AMOUNT OF KW REDUCTION

THE LOST REVENUE FROM BOTH ELECTRIC AND GAS CHILLER. REPLACEMENTS
IS APPROXIMATELY THE SAME PER KILOWATT OF DEMAND REDUCTION

\

THE COST OF THE FPL ELECTRIC CHILLER-REBATE CAN BE ELIMINATED BY
USING THE EXISTING REBATES OFFERED BY THE GAS UTILITIES

APPLICATIONS THAT CAN MAKE USE OF THE WASTE-HEAT FROM- THE GAS ENGINE
CHILLERS ARE SIGNIFICANTLY MORE ENERGY EFFICIENT AND OFFER GREATER
COST SAVINGS FOR THE BUILDING OWNERS

FPL SHOULD. CONSIDER WORKING WITH. THE -GAS UTILITIES.TO OFFER THE
APPROPRIATE CHILLER OPTION.(GAS OR. ELECTRIC) FOR THE ENERGY
REQUIREMENTS OF DIFFERENT BUILDINGS

THE FPL CHILLER REBATE PROGRAM SHOULD BE AVAILABLE -FOR GAS ENGINE

CHILLERS SINCE IT PROVIDES THE SAME BENEFITS-TO FPL AS NEW ELECTRIC
CHILLERS




DISTRIBUTED GENERATION CAN BE
COST-EFFECTIVE Whether distributed
generatlon is cost-effective depends
largely on the site at which it Is applied.
This graph shows the resuits of a cost-
effectiveness study EPRI researchers
conducted for the use of a current-
technology naturai-gas-fired engine at

an Investor-owned utility site Identified TABLE 2.6

as offering high value for DG. The chart

iftustrates how the local benefits from EPRI JOURNAL April/May 1993
DG (such as the deferral of T&D up- N

grades, reduced emissions, fuel diver- \

sity, and customer use of waste heat)

can significantly reduce the higher \
Initlal cost of a DG technology. EPRI i
performed an analysis for the same site

using fuel cell technology axpectad to

be available in the year 2000 and found

similar results.

I 1 Cost of
Cost of power power from
from distributed a central station
1.1-MW Net cost plant {gas fired,
natural-gas-fired of advanced combined
& o0 enging (90% oG delivered COMPARED eycle; 85%
§ capacity factor) MINUS benefits EQUALS service WITH capacity factor)}
- | |
E 80|~
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3 e}
£
=
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2
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chiller rebate for the gas engine chiller. Table25 summarizes the results of
this evaluation of rebates for electric and gas engine chillers.

By working together the electric and gas utilities should be able to
modify their rebate programs to enable the most cost efficient electric demand
reduction programs while increasing the utilization efficiency of the existing
natural gas distribution system. The most dramatic increase in gas cooling
equipment is occuring in New York where the Con Edison rebate of up to $500/ton is
combined with the Brooklyn Union Gas rebate of up to $250/ton.

Table 22 shows that the best economics for end users in Florida exist
when gas engine chillers are used for applications where the waste heat can be
utilized and when high efficiency electric chillers are used for applications
where the waste heat can not be used. Gas and electric utilities should target
their marketing for these applications and refer leads to each other based upon the

application. Since the gas engine chiller provides demand reductionms for the electric

utility, rebates should be available from the electric utilities. Only by combining
the rebates from the electric and gas utilities can the end user by given a
sufficient incentive to overcbme the higher first cost of the gas engine chiller.
Competing rebates for electric chillers and for gas engine chillers are counter
productive and confuse the end users. There is a place for both rebates and gas and
electric utilities should work together to identify the proper applications.

Table 2.1 compares the capital and operating costs for electric versus gas
engine chillers. For this simplified analysis we have omitted the cost benefits
of the reduced electric tzansmission and distribution (T&D) system that is possible
with the gas engine system. A recent Electric Power Research Institute (EPRI)
Journal, April/May 1993, cover story entitled "The Vision of Distributed Generation'
evaluated the cost savings associated with the deferral of T&D up-grades, reduced
emissions, fuel diversity and customer use of waste heat for a natural gas—fired
engine generator, Table 2.6 from this EPRI study shows how the additional benefits
from distributed generation (DG) can reduce the high initial cost of DG to produce
a cost for power that is less than a central station, advanced combined cycle plant.
Therefore any detailed comparison of natural gas alternatives to new electric plants
should include the benefits of avoided power plant costs, reduced electric T&D
costs, reduced emissions, fuel and equipment diversity and use of waste heat for
improved energy efficiency.




DRAFT -~ FOR YOUR COMMENTS
3.0 CARRIER/TECOGEN - 25 TON ROOFTOP A/C SYSTEM

Several major HVAC manufacturers, including Carrier, York and Thermo King,
are now marketing gas engine driven A/C equipment. These engine driven A/C systems
employ the same cooling process as a conventional electrie A/C system. The main
difference is that the electric motor is replaced by an engine. This switch yields
vartiable-speed operation capability, higher part-load efficiency, efficient high-
temperature waste-heat recovery for domestic water heating and, in the proper applica-
tions, reduced operating cost. Within the gas engine-driven systems the gas engine
chillers described in Section 2.0 represent the largest tonnage equipment while
the gas engine heat pumps, described in Section 6.0, represent the smallest tonnage
equipment. In the mid-size range of gas engine systems are the roof top package
A/C systems and the split A/C systems incorporating seperate condensing and evap-
orating sections. Within thig mid-size range there are various manufacturers
including: Carrier/Tecogen

Thermo King
Yamaha
Aisin
Yanmar

City Gas Company does not presently have any Carrier/Tecogen-25 ton rooftop
A/C units in our service territory. Our preliminary analysis indicates that
these systems are similar to those already presented for the larger and smaller gas
engine A/C systems in Sections 2.0 and 6,0. Those applications that have the highest
energy efficiency and highest operating cost savings are those that employ engine
heat recovery to produce hot water savings. Therefore applications like restaurants
and motels should be appropriate uses for these mid-size engine A/C systems.
Another potential application is to use the heat that is recovered from the engine
to drive a desiccant dehumidifier. This should be an excellent application due
to Florida's hot and humid climate.



DRAFT -~ FOR YOUR COMMENTS

4,0 HERRMIDIFIER - RESIDENTIAL DESICCANT DEHUMIDITIER

The Gas Research Institute (GRI) is presentrly funding the development
of a natural gas residential dehumidifier that was developed by Arthur D. Little,
Inc. and manufactured by Herrmidifier Company. The first prototype unit is being
field tested at City Gas Company's Test House in Miami, Florida. The system
consists of a small desiccant dehumidifier package that uses a gas water heater as
its source of thermal energy for regeneration of the desiccant.

The objectives of the field test are:

» obtain performance verification of the desiccant dehumidifier;

» determine the interactions of the desiccant dehumidifier with the existing elec-
tric-driven air conditioning system;

» determine the effects of the desiccant dehumidifier on the energy consumption
and operational characteristics of the gas-fired water heater;

w» assess the effect of the desiccant dehumidifier on indoor air quality and
occupant comfort.

\

During the cooling season, the air conditioning system in a residential
building performs two functions: temperature control (sensible cooling) and humidity
control (latent cooling or moisture removal). Sensible cooling is needed to compen-
sate for the heat produced in the space and transmitted through the building envelope
and to cool the infiltration air. Latent cooling is required to dehumidify the
infiltration air and absorb the humidity produced in the space. The sensible and
latent loads together compromise the total cocling load on the space conditioning
system.

Electric-driven vapor compression refrigeration {VCR) currently dominates
the residential space conditioning market. Although these systems are well entrenched
in the residential sector, there are two basic shortcomings. VCR systems achieve
space humidity control by cooling the supply air up to the point of saturation.

Under part load conditions (morning and evening hours, rainy or cloudy weather, etc.)
that latent load may be higher than the sensible one. Residential VCR systems are
controlled only in response to space temperature. A rise in humidity will not
activate the VCR unit and results in discomfort for the occupants.

In areas of the country which experience high humidity conditions during
warmer weather when air conditioning is required, a standard air conditioner will
not meet the latent load if special considerations are not given. The capacity of
the unit should match the calculated load as closely as possible. Unit sizing
should be based on latent and sensible load calculations. This is, however,
seldom done. The result is oversized units that do not get enough run time for
humidity control and will experience a wider swing in space temperature. In
applications where the humidity is high, lower thermostat settings are required to
remove enough moisture to maintain comfort conditions. Thermostat set points of
less than 77 enable VCR systems to run long enough to maintain fairly comfortable
levels. Raising the thermostat setting to reduce energy bills will result in high
humidity if latent loads are high.

The Herrmidifier, water heater-powered desiccant dehumidifier, is designed
to supplement the dehumidification functions of a conventional air conditioning
system. To simplify its construction and lower its first costs, the regeneration
energy is provided by hot water from the conventional gas-fired hot water unit. This
eliminates the need for a separate burner and associated controls.
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The compact size of the unit facilitates both retrofit and new comstruction
applications. The air drying capability of the hot water regenerated desiccant
wheel is about 80 pints per day which is comparable to two large (40 pints/day)
stand-alone electric units. This drying capacity, combined with that available
from the air conditioning unit, will result in enhanced comfort conditions in the
home for most of the annual operating hours in all regions.

The important feature of this unit that will favorably impact consumer
acceptance is the minimal waintenance required., Unlike an electric-driven dehumid-
ifier, which requires daily emptying of the condensed moisture, the desiccant
dehumidifier discharges the removed moisture to the outside via a flexible duct,
This added feature gives this new dehumidification product a clear advantage over
dehumidification systems currently offered in the market place.

Installation of this system is as easy as that of a dishwasher. The ability
to remove the moisture from the home and not dump it back as sensible heat, as is
the case with current electrie-driven dehumidifiers, further distinguishes this
system from conventional alternatives.

\

The benefits to the user of the water heater-powered desiccant dehumidifier
range from reduced operating costs to enhanced comfort conditions. Specifically, the
owner can expect:

w=— reduced utility costs by increasing the thermostat set point by 3 F to 5 F. Each
degree increase of the thermostat setpoint reduces the operating costs of the
conventional electric-driven air conditionmer by 8 to 10 percent,

m— improved humidity control; the water heater-powered desiccant dehumidifier is
designed to be controlled by a humidistat. Thus, it will be able to maintain
the space humidity at acceptable levels during conditions of high humidity or
part load.

Examples of high humidity conditions are:
damp and c¢ool spring and fall days, summer mornings and nights
vacancy periods when the home owner is away, especially during prelonged

periods, such as a vacation, and the thermostat setpoint is set high to
COnserve energy.
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5.0 "SEAHORSE" - GAS HOT WATER CONVERSION SYSTEM.

The Seahorse Gas Hot Water Conversion System enables homeowners and
commercial applications to convert their existing electric water heaters to natural
gas or propane. The Seahorse is a completely self-contained water heating system
that is located outside the building. The existing electric water heater is used
as a storage tank for the hot water produced by the Seahorse unit. The Seahorse
unit is normally mounted on the outside wall of the building. This is an advantage
for those applications where it is not possible to locate a conventional gas water
heater inside the building. Due to space requirement, location of equipment and
venting requirements it is not always possible to replace an electric water heater
with a gas water heater, The Seahorse unit also eliminates the need for an exhaust
stack and eliminates the need for interior gas piping. Therefore for existing
buildings with any of these requirements the Seahorse system may enable the conversion
from electric to gas hot water.

The major advantage\for the end-user is the energy cost savings by
switching to gas hot water. Table 5.1 shows that the typical Florida home uses
$377/yr with electric hot water versus $151/yr with natural gas hot water. This
represents an annual savings of $226/yr for the homeowner. Table 5.2 shows that
the residential hot water by natural gas can save 557Z of the energy versus electric
water heating. Therefore with the same amount of energy it is pessible to provide
one Florida home with electric hot water or 2.2 Florida homes with gas hot water.
With limited fuel and environmental rescurces this is an excellent oppertunity to
save energy in Florida.

The Seahorse unit enables the end-user to convert from electric to gas hot
water and obtain the emergy savings for those applications where a typical gas water
heater can not be located inside the building. With a low cost supply of hot water
it is also possible to convert the electric space heating system to natural gas.
This is done with the addition of a hot water coil to the existing home's ductwork.
This type of system is called a "combo heater” which is a combination of space
and water heating systems. These systems provide both space and hot water heating
from a single hot water tank. These combo heaters can be used with conventional
inside the building gas water heaters or the Seahorse outside unit. The use of
these combo heaters in Florida can improve energy efficiency by reducing the use
of electric resistance heating in homes. They will also reduce the need for new
generating capacity to satisfy the winter peaks.

Electric and gas utilities should work together to develop conservation
programs for the use of gas hot water and gas space heating in Florida. This will
save energy costs for the homeowner and reduce the need for costly, electric
generating plants. Since the electric and gas utilities will both benefit from these
conservation programs they should share in the rebates offered to encourage
homeowners to use these new systems.

City Gas Company does not have any Seahorse units inmstalled in our service
territory. Table 5.3 summarizes the results-of testing conducted by Public Service
Company of North Carolina for various residential installations. Table 5.4 shows
the estimated installed costs for both hot water and combination space/hot water
installations. For additional information on the Seahorse please contact Robert T.
Watkins, Senijor Vice President - Marketing, Public Service Company of North Carolina.
Another source of information 1s the City of Tallahassee, Gas Utility Department,
who have installed several Seahorse units in their service territory. The manufact-
urer of the Seahorse, Gas-Fired Products, Inc., has a video tape that describes
the operation of the unit, its savings potential and shows various installatioms.

5.1




TABLE 5.1

TYPICAL RESIDENTIAL ENERGY USE FOR HOT WATER IN FLORIDA

ENERGY USE

ENERGY COST

HOT WATER COST

COST SAVINGS

ENERGY USE

FUEL USE

ENERGY SAVINGS

ELECTRIC
4195 KwH/Yr
$0.09 /XwH

$377 [¥r

TABLE 5.2

GAS

216 therm/Yr.
$0.70 /therm
$151  /Yr

$226 /fY¥r (60%)

ENERGY EFFICIENCY FOR HOT WATER PRODUCTION

ELECTRIC
4195 XWH/Yr

47.7 MMBTU/Yr

GAS
216 therm/Y¥r

21.6 MMBTU/Yr

26.1 MMBTU/Yr (55%)




TABLE 5.3
SEAHORSE WATER HEATER
R&D Installation Information
*Note: Customer Charge or LP Tank rental not included. 89¢ a Gallon Propane Average
£9¢ a Therm Hatural Gas Average
32¢ per Month Average Electric Consumption & 8¢ a KWH
1991 TYPE/SIZE ELEC GAS TOTAL AVG AVG CYC
STREET ADDRESS INSTALL ANH occup OPER | USED USED ENERGY ENERGY PER DAY
LOCATION CUSTOMER | & TELEPHONE # PSC REP DATE CONVERTED ANTS AGES DAYS | KWHRS | THERMS coST COsT
MT. HOLLY tarl 11¢ Jenkins M Whitt 3/28 ELEC/30 &L 2 35, 32 365 | 35.2 250 $147.90 $ .41 DAY 9
NATURAL Teague {704) 827-3870 COUNT TOP _ $ 12.32 HTH
- $ 147.30 YR
ASHEYILLE John 26 Nichols Hi1l | J Atkins 5721 ELEC/62 GL 2 370 | 36.8 290 $171.24 $ .46 DAY 8
NATURAL Davis (704) 645-5981 STAND . . $ 14,07 MTH
$ 168,93 YR
DURHAN Tom 603 Chivalry T Snipes 5/31 ELEC/40 GL 3 29, 29, 2| 365 |. 39.5 215 $127.96 $ .35 DAY 6
NATURAL Snipes (919) 596-7117 LOW-BOY $ 10.66 MTH
- ' $ 127.36 YR
DURHAM Kenneth | 2008 Umstead M Lasher 5/30 ELEC/52 6L 5 80, 50, 365 | 70.0 564 $344.50 $ .94 DAY 12
NATURAL Lanier (919) 383-8264 50 17, 16 $ 28.71 MTH
$ 344.50 YR
RALEIGH Bitl 701 Scarborough | B McAulay 6/13 ELEC/47 GL 4 35, 23, 365 68.3 877 $340.29 $ .93 DAY 13
NATURAL HcAaulay | (919) 833-6641 LOW-BOY 11, & HYGLAWH $ 28.36 MTH
$ 340.29 YR
GASTONIA Robert 1851 Montclair E §/05 ELEC/52 GL 2 42, 40 359 | 35.4 198 $117.76 $ .33 DAY 5
NATURAL Ingraham } (704) 865-6469 Robinson STAKD $  9.98 MTH
- $ 119.73 YR
QOHCQRD Jonathan | 505 Worthington | S Bowen 7/02 ELEC/40 GAL 3 32;31,7 365 58.1 3i1 $185.17 $ .51 DAY 8
NATURAL Ssmith (704) 784-4547 LOW-BOY $ 15.43 MTH
$185.17 YR
STANLEY Mike 300 Morris Farm § M Whitt 3/20 ELEC/42 GAL 4 a0, 32, 365 | 47.7 496.7 | $442.06 $ 1.21 DAY 8
PROPANE Whitt {704) 263-5182 CRAML SPC 5, 2 GAL HTGRAWH $ 36.88 MTH
] $ 442.06 YR
HENDERSONVILLE | David P.0. Box 1051 D Rhew 5/29 ELEC/42 GL 2 57, 54 343 | 28.9 242 $ 215.38 | § .58 DAY ¢
PROPANE Pierson | {704) 885-8210 BOILER RM GAL $ 17.94 MTH
e $ 215,38 YR




TABLE 5.4

ESTIMATED COST OF TWO SEAHORSE UNITS INSTALLED IN 1991

HOT WATER & HEAT (BOTH HEAT PUMP CONVERSIONS)

Labor 3 hours @ $52.900 $156.00
Wiring Cost @ $65.00 65,00
Permit Local @ $15.00 15.00
*Convarting Electric 30,000 BTU Coil (HVAC CONTRACTOR)
me?am}htwuu with Pump and Duct Modifications 460.00
e Materlals - Piping, etc. 56.00
Public Service Company Cost (2 Jobs) $752.00
Average
Added Cost of Seahorse Estimate ‘ $455.00
Total §1!207.00

ESTIMATED COST OF SEVEN SEAHORSE UNITS INSTALLED IN 1991

WATER HEATING ONLY (ELECTRIC WATEFR. HEATER CONVERSION)

Labor 2 1/2 hours @ $52.00 $130.00
Wiring Cost @ $65.00 65,00
Permit Local @ $15.00 15,00
*Converting Elactric
Water Heater to GAS. Material & Piping 43.00
Public Service Company Cost (7 Jobs) $253.00
Average
Added Cost of Seahorse Estimate $455.00
Total ‘ s $708.00
5/15/92

Robert T. Watkins, Sr.
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6.0 YORK-RESIDENTIAL GAS ENGINE HEAT PUMP

A natural gas engine-driven heat pump (GHP) employs the same cooling process
as a conventional electric heat pump or electric air conditioning which uses a vapor
compression cycle. The main difference is that the electric motor is replaced by
an engine. This switch yields variable-speed operation capability, higher part—-load
efficiency, efficient wasteheat recovery for domestic hot water and, in most appli-
cations, reduced operating costs. A GHP has the added advantage of making use of
the engine waste heat in the winter to provide additional heating to supplement
the vapor compression cycle.

City Gas Company is very interested in new gas cooling technologies due
to Florida's long coocling season and the need to reduce the need for new electric
power plants. The gas engine heat pump has the potential to offer greatly improved
gas cooling efficiency for residential and light commercial applications and drama-
tically increase gas use in Florida homes. This technology is already in widespread

use in Japan with about 200,000 gas engine heat pumps installed in the last 7 years
by 3 or 4 major manufacturers.

_ City Gas Company has been testing the efficiency and reliability of the
Yamaha Gas Heat Pump in two different applications. The first application was a
City Gas Company Office Building where a 2.5 ton Yamaha GHP has been operating since
October 1990. This unit provides air conditioning for a class room and offices
and operates for about 5,000 hours per year. The second Yamaha 2.5 ton GHP was
installed in a City Gas Company test house in June 1991 to compare the operating
costs of the Yamaha GHP with a conventional electric A/C system for a home application.
City Gas is pleased with the reliability and efficiency of the Yamaha GHP.

Enclosed is a marketing brochure for the line of Yamaha GHPs from 1.3 tons
to 15.8 tons. The unit that City Gas Company is testing is the 2.4 RT (3 HP) unit.

City Gas Company has conducted technical and economic evaluations on the
use of GHPs versus conventional electric A/C systems in Florida. This included
site visits to several Yamaha GHP installatioms in the U.S. and discussions with
other gas and electric utilities that have been testing the York GHP. These
evaluations have determined the operating costs, maintenance costs and equipment
reliability for the York and Yamaha GHPs.

A good source of background information for the York GHP is a recent video
tape by the Gas Research Institute (GRI) entitled "York Triathlon-Gas Heating and
Cooling System”.

Qur evaluations indicated that for a fair comparison of electric versus
gas energy systems it is essential to consider the total emergy supply system. This
is necessary to compare total system efficiency, total capital costs and total
energy costs. Table 6.1 - Total Energy Supply System shows the efficiency, capital
cost and energy cost for a typical residential electric A/C system versus a York GHP.

For this analysis a 3 ton electric A/C system with a SEER of 10 (1.2 KW/ton) was used
for comparison. ' o®
The efficiency diagram in Table 6.1 shows that during the production of
electricity 67% of the energy is wasted. This energy is lost as waste heat to the
cooling tower, pond, river or ocean and through the smoke stack. Because these power
plants are remotely located this waste heat is not used. When the losses for
electrical transmission and distribution are accounted for the end user only has 30%
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TABLE. 6.1 — TOTAL ENERGY SUPPLY SYSTEM

RESIDENTIAL ELECTRIC A/C SYSTEM (3 TONS)

EFFICIENCY 832 422 942 90% 85%
‘h.p. steam ‘

1007 BOTLER STEAM 357 [ELECTRIC DISTRIBUTION 301 ELECTRIC 957
™ TURBINE - : '
.SYSTEMS R OMPRESSOR EFFICIENCY
CONDENSER
POWER PLANT _ ELECTRIC A/C UNIT
CAPITAL COST = § 1200 / ton - $ 1000/ ten = 5 2200 / ton
B C = $0.090 / kwh - x 1.2 kiz/ ton =5 0,108/ ton-hr
YORK NATURAL GAS ENGINE HEAT PUMP (3 TONS)
EFFICIENCY 25%

: : : NATURAL
100%
100% e
ENGINE
69 %
‘ F EFFICIENCY
— 46%
(:ﬁEAT RECOQEEE}—-_,.
| NATURAL GAS ' GAS HEAT PUMP
CAPITAL COST = 0 . + $ 2266 / ton = . § 2266 / ton
ENERCY COST = $ 7.00/ MMBtu X 10,000 Btu / ton hr =3§ 0.070/ ton-hr



of the energy that was consumed in the power plant. This is a tremendous waste of
Qur energy resources. At the user's site the electricity is used in an electric A/C
system with a typical electric motor efficiency of 85% thereby providing 25% of the
original energy to the shaft of the compressor which provides the air conditioning.
Therefore the total system efficiency for this typical electric A/C system is 25%.

The efficiency diagram in Table 6.1 also shows that natural gas can be used
directly in the GHP without the inefficiencies of electric power production to
provide 25% of the origianl energy to the shaft of the compressor which provides the
air conditioning. This 257 efficiency is equal to the 25% efficiency for the electric
A/C system but since the engine is located at the user's site the waste heat from
the engine and exhaust can be recovered and used. This waste heat accounts for
44% of the imput fuel. By combining the 25% shafr power output with the 44% recovery
as hot water, the total system efficiency for the York GHP system is 69%. This is a
significant improvement from the 25% total system efficiency for the electric A/C
system. This significant improvement in total system efficiency can significantly
reduce operating costs and reduce emissions to the environment while reducing the
need for new power plants in Flerida.

Table 6.1 also comLares the capital cost for the electric A/C versus the
York GHP for the total energy system that is required to support each additional ton
of air conditioning. For a new electric A/C system that requires 1.2 KW/ton and a new
electric power plant that costs $1000/KW it requires $1200/ton of capital cost for
the power plant that supplies the new electric A/C system. For this simplified
analysis we have omitted the cost of the electric transmission and distribution system
which is also required for this new load, The end user will typically pay about
$1000/ton for the installed cost of a new 3 tom electric A/C system. Therefore the
total capital cost for the electric system is $2200/ton. For the natural gas
system no additional production facilities are required and therefore no additional
capital expense is required by the gas utility. However the installed cost of the
York GHP at $2266/ton is about 2.3 times more expensive for the end user. This
higher GHP cost is due to a more complicated piece of equipment and low production
volumes. This indicates the need for equipment rebates to offset the higher first
cost to the end user., The total capital cost for the gas system is $2266/ton.
Therefore the total capital cost is about equal for the new electric A/C system and
the York GHP system. The use of the York GHP can be an effective demand side manage—
ment (DSM) program for electric utilities to reduce the need to construct costly,
new generating plants. A recent paper presented at the 6th National Demand-Side
Management Conference in Miami Beach on March 24-26, 1993 was entitled "The Role of
Gas Heat Pumps in Electric DSM". This paper by Mark Fulmer of the Tellus Iustitute
and Patrick Hughes of Oak Ridge National Laboratory presents the results of modeling
of a hypothetical GHP rebate program for an electric utility to determine the GHP
programs cost-effectiveness according to the societal test, total resource test,
participant test and non-participant test. The results are quite positive for the
electric utility system that was modeled as part of this study. This should be an
excellent tool to determine the cost effectiveness for Florida's electric utilities.
Due to needs for new power plants to satisfy the growth for air conditioning in
Florida this may be an excellent DSM program which may provide better utilization
of our mnatural resources.

Table 6.1 is a simplified presentation of the total energy supply system
and does not include the potential cost savings to the electric utility of reducing
the size of the transmission and distribution system needed to service the new
residential A/C load in Florida. Since the electric A/C system represents the
largest load in residences, the use of a GHP will significantly reduce the residential
electrical load and significantly reduce the size and cost for electric transmission
and distribution. This is a major reason for the widespread use of GHPs in Japan.
In Japan the end user is required by the electriec utility to pay for the larger
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electric service required if the residence has electric air conditioning. 1In this
way the residential users with electric air conditioning are paying their share of
the larper transmission and distribution system that is required. Any modeling that
is conducted for the cost effectiveness of a GHP program should include the potential
cost savings by reducing the size of the electric transmission and distribution
system.

Table 6.1 also compares the energy costs for the end user for providing
air conditioning only. This simplified analysis does not include the cost savings
by displacing the hot water that is required at the user's site. Using typical
residential electric and gas rates in Florida and the energy required per ton of A/C
for both electric A/C and GHP the energy costs were calculated. The typical 3 ton
electric A/C's energy cost is $0.108/ton-hr versus $0.070/ton-hr for the York GHP.
This demonstrates part of the energy cost savings potential for the end user.

This simplified comparison does not include the added hot water savings for the gas
engine system . which will be included in the next operating cost comparison.

Table 6.2 presents the "Annual Operationm Cost Savings" for a 3 ton York GHP
versus a 3 ton electric A/C s?stem in South Florida. Operating costs are dependent
upon a number of variables depending upon the specific application. For this
comparison a typical South Florida home is used with a 3 ton A/C system and 3000 hours
of operation per year. A typical 3 ton electric A/C system was selected with a SEER
of 10,0 (1.2 KW/ton). The seasonal Coefficient of Performance (C.0.P.) for cooling
for the York GHP in South Florida is 1.2 and requires 350 watts of auxiliary electric
power for the pumps, fans and controls. Typical residential electric and gas rates
in South Florida are used for this comparison. York has indicated that in 1994
their GHPs will be available with engine heat recovery to provide domestic hot water.
Therefore Table 6.2 includes the cost for electric hot water and the cost for supple-
mental gas hot water when the York GHP is not operating. A typical South Florida
residence will operate the A/C system 9 months of the year. Therefore supplemental
gas hot water is included for the months of the year when the York GHP is not operating.

Table 6.2 shows that the electric A/C costs $972/yr plus $377/yr for hot
water which is a total cost of $1349/yr. TFor the same home with a York GHP the A/C
cost will be $819/yr ($630/yr for gas and $189/yr for auxiliary electric) plus $38/yr
for supplemental hot water which is a total of $857/yr. The York GHP's annual savings
of $492/yr is due to the low cost for gas versus electric A/C and the savings by
recovering waste heat to provide domestic hot water. Table 6.2A shows the calcu-
lations that were used to determine the annual operating costs for the York GHP and
the electric A/C system.

Since the GHP provides demand reductions for the electric utilities, rebates
should be available from the electric utilities. Only by combining the rebates from
the electric and gas utilities can the end user be given a sufficient incentive to
overcome the higher first cost of the GHP. Competing rebates for electric A/C
systems and for GHPs are counter productive and confuse the end users. Therefore it
is necessary to quantify the cost effectiveness of a GHP rebate from Florida's
electric utilities as a DSM program. This study should determine the appropriate
rebate level., Then electric and gas utilities should work together for am effective
program that can significantly decrease the need for costly, new electric generating
capacity while improving the utilization efficiency of Florida's natural gas distri-
bution system. City Gas Company is very interested in working together with other
electric and gas utilities tc develop these joint conservation programs.
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TABLE 6.2

ANNUAL OPERATING COST SAVINGS
ELECTIRIC A/C SYSTEM VERSUS YORK GHP

ELECTRIC A/C

ELECTRIC COST

AfC $ 972
HOT WATER § 377
\
GAS COST
YORK GHP -
HOT WATER =
ANNUAL OPERATING COST $ 1349 e

YORK GHP SAVINGS

YORK GHP

$ 189 »

$ 630

$ 38

§ 857

S 492/Yr.

Basis: 3 ton residential A/C systems
3000 hours/yr (EFLH)

electric
York GHP

York Aux.

electric
gas rate

A/C = 10.0 SEER
= 1,2 C.0.P,
Elec. = 350 watts
rate = $0.09/KWH
= $0.70/thern



TABLE 6.2A - SAMPLE CALCULATIONS
ANNUAL OPERATING COSTS - ELECTRIC A/C VS. YORK GHP

-YORK GHP CALCULATIONS-

GAS COSTS : BTU..

York GHP: 3 Tons X 3000 4% X 12000 £—¢ X }:g gggi X %?‘%TUE X %’é%m = $ 630/Yr.
Hot Water: 216 fhefDS x fzm;fj‘i‘fls X ig;{g - § 38/vr.
ELEC. COST: 0.35 KW X 6000 °Pe”§§i“g hours 4 %‘:;{—03 = § 189/vr.
ANNUAL YORK GHP OPERATING COST - § 857/%r.

-ELECTRIC A/C CALCULATIONS-

ELEC. COSTS: .
’ Hr 1.2 KW $0.09 :
A/C 3 Tons X 3000 e X Ton X . W $ 972/¥r.
. KWH 50,09 _
Hot Water: 4195 T X T s $ 377/¥r.
ANNUAL ELECTRIC OPERATING COST = $1349/Yr.
=SAVINGS-
ELECTRIC - YORK GHP = ANNUAL SAVINGS

51349/Yr = $857/Yr $492/Yr.





