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Nf\JED 

Olilliih. ..
BEFORE THE FLORIDA PUBLIC SERVICE COMMISSION 

FILE COpy 
In re: Comprehensive review of 
revenue requirements and rate 
stabilization plan of SOUTHERN 
BELL. 

In re: Investigation into the 

integrity of SOUTHERN BELL'S 

repair service activities and 

reports. 


In re: Investigation into 

SOUTHERN BELL'S compliance with 

Rule 25-4.110(2), F.A.C., 

Rebates. 


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

~;. 

CERTIFICATE OF SERVICE (DOCKET NO. 900960-TL) 

I HEREBY CERTIFY that the original of Staff's Eighth 

Request for Product~on has been furnished to Harris R. Anthony, 

J. Phillip Carver and R. Douglas Lackey, c/o Mrrshall M. Criser, 

III, 150 South Monroe Street, suite 400, Tallahassee, Florida 
ACK 

32301, on behalf of BellSouth Telecommunications, Inc. d/b/aAFA 
APr ______Southern Bell Telephone and Telegraph Company, and that true and 

CAF . h . h . 1 th'correct coples thereof ave been furnls ed by U.S. Mal, lS 
CMU_-­
eTR 13th day of October , 1993, to the following: 
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CERTIFICATE OF SERVICE 
DOCKETS NOS. 920260-TL, 910163-TL, 910727-TL, 900960-TL, 911034-TL 

Charles J. Beck Michael B. Twomey 
Deputy Public Counsel Gerald B. Curington 
Office of Public Counsel Assistant Attorneys General 
c/o The Florida Legislature Department of Legal Affairs 
111 W. Madison Street Room 1603, The Capitol 
Room 812 Tallahassee, FL 32399-1050 
Tallahassee, FL 32399-1400 

Joseph A. McGlothlin Michael W. Tye 
Vicki Gordon Kaufman AT&T communications of the 
McWhirter, Grandoff & Reeves Southern States, Inc. 
315 S. Calhoun Street 106 East College Avenue 

Tallahassee, FL 32301 Tallahassee, FL 32301 

Joseph P. Gillan Richard D. Melson 
J.P. Gillan & Associates Hopping, Boyd, Green & Sams 
P.O. BOX 541038 P.O. BOX 6526 
Orlando, FL 32854-1038 Tallahassee, FL 32314 

Suite 1410 Suite 716 \ 

C. Everett Boyd, Jr. 
Ervin, Varn, Jacobs, 

Odom & Ervin 
P.O. Drawer 1170 
Tallahassee, FL 32302 

Michael J. Henry 
MCI Telecommunications COrp. 
MCI Center 
Three Ravinia Drive 
Atlanta, GA 30346 

Benjamin H. Dickens, Jr. Monte Belote 
Blooston, Mordkofsky, Florida Consumer Action 

Jackson & Dickens Network 
2120 L Street, N.W. 4100 W. Kennedy Blvd., #128 
Washington, DC 20037 Tampa, FL 33609 

Chanthina R. Bryant 
sprint 
3065 Cumberland Circle 
Atlanta, GA 30339 

Douglas S. Metcalf 
communications Consultants, Inc. 
P.O. Box 1148 
Winter Park, Florida 32790-1148 

Laura L. Wilson Mr. Lance C. Norris, Pres. 
Florida Cable Television Florida Pay Telephone 
Association, Inc. Association, Inc. 

P.O. Box 10383 8130 Baymeadows Circle, West 
310 North Monroe Street Suite 202 
Tallahassee, FL 32302 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 Michael Fannon 
Wiggins & Villacorta, P. A. Cellular One 
P.O. Drawer 1657 2735 Capital Circle, NE 
Tallahassee, FL 32302 Tallahassee, FL 32308 

Cecil 0. Simpson, Jr. Dan B. Hendrickson 
Peter Q. Nyce, Jr. P.O. Box 1201 
Regulatory Law Office Tallahassee, FL 32302 
Office of The Judge 

Department of the Army 104 East Third Ave. 
901 North Stuart Street Tallahassee, FL 32303 
Arlington, VA 22203-1837 

Floyd R. Self David M. Wells 
Kenneth A. Hoffman Robert J. Winicki 
Messer, Vickers, Caparello, William S .  Graessle 
Madsen & French, P.A. Mahoney, Adams & Criser 

P.O. BOX 1876 P.O. Box 4099 
Tallahassee, FL 32303-1876 Jacksonville, FL 32201 

Advocate General Donald L. Bell 

\ 

Robert Hoeynck 
Assistant County Attorney 
Broward County Board 

115 S. Andrew Avenue 
Suite 423 
Ft. Lauderdale, FL 33301 

of commissions 

Florida Public Service Commission 
101 E. Gaines Street 
Tallahassee, FL 32399-0863 
(904) 487-2740 
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CITY GAS COMPANY OF FLORIDA 

.. ~~~ -. -~ 
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T - - -  

M s .  Mary Ann Helton 
Legal Serv ices  Div is ion  
I01 E .  Gains S t r e e t  
Ta l lahassee ,  FL 32399 jj ; , ~ L : . ~ ~ ~ , ? 3 N G  

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

October 7 ,  1993 

OCT 1 5 1593 
['PSY;. 

Dear M s .  Helton: 

The enclosed information is C i t y  G a s  Company's response t o  the PSC 
S t a f f ' s  reques t  f o r  information on n a t u r a l  gas  technologies  t h a t  should be 
included i n  t h e  e l e c t r i c  p t i l i t i e s '  conserva t ion  programs. C i ty  Gas Company's 
response c o n s i s t s  of :  

enclosures  (3) 
cc: Vernon Kruts inger  

Jack  Langer 
John S t a r k  

1. My l e t t e r  t o  M r .  Joe Jenkins  dated September 3 ,  1993 which provides  
information on gas engine c h i l l e r s ,  gas  engine hea t  pumps, des i ccan t  
dehumidif icat ion and gas  water hea t ing ;  
My l e t t e r  t o  M r .  Edward M i l l s  da ted  September 1 6 ,  1993 which provides  
d e t a i l e d  c a l c u l a t i o n  methods used t o  compare gas  engine c h i l l e r s ,  gas  
water hea t ing  and gas  engine hea t  pumps wi th  the e l e c t r i c  a l t e r n a t i v e s ;  and 

3 .  My let ter  t o  M r .  Joe Jenkins  da ted  October 7 ,  1993 which provides  in fo r -  
mation on cogenerat ion p l a n t s  now ope ra t ing  i n  F lo r ida  and d e t a i l e d  
c a l c u l a t i o n  methods used t o  compare cogenerat ion systems and des i ccan t  
dehumidif icat ion systems wi th  t h e  e l e c t r i c  alternatives. 

2 .  

Please  con tac t  m e  i f  I can provide  any a d d i t i o n a l  information.  

S ince re ly ,  

Richard C. Furman 
Consulting Engineer 
Ci ty  Gas Company of F l o r i d a  
10404 SW 128 Ter race  
M i a m i ,  FL 33176 
(305) 232-4074 
fax: 305 232-4074 

. ,..̂ .. . . . ,  .. ,- 
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CITY GAS COMPANY OF FLORIDA 
An MGl Company 

M r .  Joseph D. Jenkins  
Director-Div. of E l e c t r i c  & Gas 
F lo r ida  Pub l i c  Serv ice  Commission 
101 E a s t  Gaines S t r e e t  
Ta l lahassee ,  FL 32301 

Oct. 7 ,  1993 

RE: ADDITIONAL INFORMATION ON COGENERATION AND DESICCANT DEHUMIDIFICATION SYSTEMS 

Dear M r .  Jenkins:  

As p a r t  of Ci ty  Gas Company's response t o  provide  information t o  t h e  

My le t te r  
e l e c t r i c  u t i l i t i e s  on gas technologies  I have enclosed t h e  fol lowing a d d i t i o n a l  
information on cogenerat ion and des i ccan t  dehumidi f ica t ion  systems. 
t o  you dated September 3, 1893 provided information on gas engine c h i l l e r s ,  
gas  engine hea t  pumps, des i ccan t  dehumidif icat ion and gas  water hea t ing .  
l e t t e r  t o  Mr. Edward M i l l s  on September 16 ,  1993 provided d e t a i l e d  c a l c u l a t i o n  
methods used t o  compare gas  engine c h i l l e r s ,  g a s  water hea t ing  and gas  engine 
hea t  pumps wi th  t h e  electric a l t e r n a t i v e s .  T h i s  a d d i t i o n a l  information w i l l  
provide an overview of cogenerat ion p l a n t s  now ope ra t ing  i n  F lo r ida  and provide 
d e t a i l e d  c a l c u l a t i o n  methods t o  compare cogenerat ion systems and des i ccan t  
dehumidif icat ion systems wi th  t h e  e l e c t r i c  a l t e r n a t i v e s .  

My 

Enclosed f o r  your information is a recent Energy User News (Feb. 1993) 
a r t i c l e  e n t i t l e d  "Cogeneration Bene f i t s  Environment, Ratepayers ,  As Well As 
Users" which d i scusses  why e l e c t r i c  u t i l i t i e s  should inc lude  cogenerat ion a s  
p a r t  of t h e i r  DSM programs. 

P l ease  n o t e  t h a t  your present  summary t a b l e  of gas  technologies  does 

The primary advantage of on-s i te  g a s  engine technologies  
not  inc lude  t h e  energy sav ings  by making u s e  of the recovered hea t  from t h e  gas 
engine technologies .  
is t h e  a b i l i t y  t o  recover  t h e  hea t  from t h e  engine and t o  use  i t  on-s i te .  
During convent ional  electric power product ion,  t h e  thermal  energy i s  re l eased  
i n t o  t h e  environment. 
system t h i s  thermal energy is recovered and used t o  d i s p l a c e  thermal energy 
requirements on-s i te .  
e f f i c i e n c y  from approximately 33% in  convent ional  e l e c t r i c  product ion t o  
g r e a t e r  than  7.0% i n  t h e s e  gas  technologies .  
should inc lude  t h e  annual thermal energy sav ings  and i t s  as soc ia t ed  annual c o s t  
savings f o r  gas engine c h i l l e r s ,  gas engine h e a t  pumps, gas  engine AlC systems 
and cogenerat ion systems. 

In a gas  engine c h i l l e r ,  a gas  hea t  pump and a cogenerat ion 

Th i s  recovering of thermal energy inc reases  the o v e r a l l  

Therefore  your summary t a b l e  

Please a l s o  no te  t h a t  your presen t  l i s t  of gas  technologies  only 
inc ludes  cogenerat ion systems up t o  2000 KW i n  capac i ty .  Many gas  t u r b i n e  
cogenerat ion systems and a few rec ip roca t ing  engine cogenerat ion systems a r e  
a l r eady  opera t ing  i n  F l o r i d a  wi th  c a p a c i t i e s  of g r e a t e r  than  2000 KW. 
t h e  upper l i m i t  may need t o  be  200 MW or g r e a t e r .  
can a l s o  vary  g r e a t l y  f o r  d i f f e r e n t  cogenerat ion a p p l i c a t i o n s .  The case study 
t h a t  fo l lows  shows a base loaded cogenerat ion system t h a t  ope ra t e s  8322 hours lyr  
w i t h  acceptab le  economic f e a s i b i l i t y .  It may a l s o  be p o s s i b l e  t o  ope ra t e  some 
cogenerat ion systems only 2000 hours/yr  t o  reduce peak demands and a l s o  show 
acceptab le  economic f e a s i b i l i t y .  Therefore  a wide range of p o s s i b l e  opera t ing  

Therefore  
T h e  annual  ope ra t ing  hours 

MIAMI  OIVISION: 955 E 2 5 T H  STREET - HIALEAH, FL 3 3 0 3 3 4 4 9 6  3 0 5 - 6 9 1 - 8 7 1 0  - F A X  3 0 5 - 6 9 1 - 7 1 1 2  
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TREASURE COAST OIVISION: 1 3 2 3  NW ST LUCIE WEST BOULEVARO - PORT ST LUCIE. FL 3 4 9 8 6  - 4 0 7 - 8 7 1 - 2 5 5 1  - FAX 4 0 7 - 8 7 1 . 2 0 4 4  



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. 
comparison of a desiccant dehumidification system for a new supermarket in 
Tallahassee versus a new conventional A/C system to control humidity. 
computer analysis is required to conduct this comparison due to the need to 
input variable inside load condifions, 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. 

The enclosed table shows a detailed 

A 

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

Sincerely, 

enclosures (3) 
cc: Henry Block 

Vernon Krutsinger 
Jack Langer 
John Stark 

bcc: MAUY A w  Clcc~hJ 

Richard C. Furman 
Consulting Engineer 
City Gas Company of Florida 
10404 SW 128 Terrace 
Miami, FL 33176 
( 3 0 5 )  232-4074 
fax: 305 232-4074 



"Eoery business 1 TECHNOLO Cy 1 "Widespread use 
that uses electn'city of cogeneration 

and hot water 
together could reduce 
energy consumption 

by switching to 
cogeneration." 

1 REPORT 1 
On-Site Power 

- I CoFen to Utils.'DSM Ovtions - I 

w ENERGY USER NEWS, EBRUARY 1993 
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Rebate Assists HVAC, Ligh&% 
That Saves 1.1 MMKwh, Yieas 

Consultant: Include Cogen in DSM 
generation programs as they cur- 
Continuedfrom Page 30 

rently do for demand-side man- Continuedfrom Page 19 MagneTek, L0s~Angeles;were u 
agement programs. Regulators energy use another 419,390 kwh a stalled. Old lamps and.ballasi 
throughout the US. have encour- year. The lighting strategies were recycled, said -@:: 
aged billions of dollars of expen- eamed a $5,563 rebate. The lighting project was pikid- 
ditures by utilities for the support The delamping included instal- ed out with Model*:y300A 
of demand-side management pro- lation of 1,lM) 32-watt T-8 Octron W1000A. and WZOOOA'irifr~e 
grams.?heserrlehN- ' fall into ment progrm will be rewarded. lamps from Sylvania Lighting Ser- and ultramnic 0ccupanCysensq~ 
three general categories: recovery vices, Danvers, Mass., Miskus supplied by The Watt,S&p e 
of costs incumd in implementing said. Throughout most of the site, Inc., Santa Clara, W. gto o 
DSM programs; compensation for the fixture's new two-lamp T-8 120 devices were installed, o 
revenues l o s t w h a l a a d i s d d  configuration replaced a three- which the user received a rebat. 
as a result of the success of those lamp T-12 arrangemenL Adequate of $1,544. The occupancy --Is 
programs; and exhaordinary com- light lev& were preserved by in- which eliminated the need for 
pensation, beyond ordinarily al- fident laaddisplacement cogener- stalling 450 Silverlux reflectors separate timwfdaylighthgm 
lowable rates of retum, granted to from 3M Construction Markets, holler, are positioned in,+,$f@ 
encourage utilities to act. ' support provided to demand-side St Paul, Minn Finally, 450 Model facilitfs individual o&y, 

But in order for load-displace- 5232I2n electronic ballasts from ways, and other areas. ,!,I& 

ment cogeneration to reach its po- 

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- 
c e s f d y  encourage load displace 

The creation of similar mecha- 
nisms for compensating utilities 
that establish load-displacement 
programs would likely have an 
immediate &ect on their attitudes 
toward cogeneation. Effective, ef- 

ation needs and deserves the same 

management programs. 

tential, utilities must similarly be . T ? , w T :  

taf 

1 d HVAC 81 Building Systems Congress 
I d lighting Efficiency Congress 
I d Power Generation & DSM Congress 1 d 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 
interrelated.attendees havefullcrossoverprivileges. Our goal in creating GLOBALCON 
is to bring together under one roof a single, comprehensive energy and environmen- 
tal marketplace that is recognized as a "must see" event. 

Presented by: 
me Asxdatial ol Energy G!$neen 
The EnviroMlentaJ Engineers & 

The DemMdSie Management Society 
The Ccgeneration Instilute 

Anaheim Public Utiliies 
California Energy Commission 
Calilornia Energy Extension Service 
Calilomia EPAl 

Managen Irntitute 

Cosponsored by: 

. DepaNnent of Toxic Subslance Control 

. Regislered Environmental Assassor Pmgram' 

city 04 Los Angelss 
Oepment d Water a Power 

city of Rivetwe Pubk Mtities 
Eminmental Business Jwmal 
Envimenlal Pmtectlon Agenq / 

Green Ugh& Ptcgram' 
Lawrence Belkeley Laboratories / 

Genter for Building Science 
W C O  / (inlerNational Assoc. 

of l2ghling Management 

NaSonal Energy Management Institute 
campanies) 

Onlab Hydro 
Pasadena DSparhIent of Wapr & Power 
SAF.E..B.I.D.C.O. 
San Diego Gas a Eleclk' 
Souhem California Edim 
Souhem Californh Gas Co. 
U.S.D.O.E. / Mfice of InstitudoMl 

Comervation Programs 
U.S.D.O.E./State Energy 

Western Area Power Administation 
Pmgrams 

'D*oYpuf..rOay..haMLXll.1.n. 



COGENERATION 

Cogeneration is t h e  simultaneous product ion of e l e c t r i c i t y  and thermal  energv. 
During convent ional  e l e c t r i c  power product ion,  t h e  thermal energy is r e l e a s e d  i n t o  t h e  
environment. 
d i sp l ace  thermal energy requirements a t  t h e  s i te .  
inc reases  the o v e r a l l  e f f i c i e n c y  from approximately 33% i n  convent ional  electric 
production t o  greater than 70% i n  a cogenerat ion system. 
can b e  used i n  t h e  r i g h t  a p p l i c a t i o n s  t o  s u b s t a n t i a l l y  reduce energy c o s t s  by us ing  a 
highly e f f i c i e n t  on-s i te  cogenerat ion system. A r ecen t  EPRI Jou rna l  cover s t o r y  e n t i t l e d  
"Dis t r ibu ted  Generation" (EPRI Journa l ,  April/May 1993) provides  a case  s tudy  of a 
1.1 MW n a t u r a l  gas  engine cogenerat ion system ve r sus  new c e n t r a l  s t a t i o n  power genera t ion  
t o  show t h e  b e n e f i t s  t o  e l e c t r i c  u t i l i t i e s .  Th i s  case  s tudy  shows that the b e n e f i t s  
from d e f e r r a l  of t ransmiss ion  and d i s t r i b u t i o n  upgrades,  reduced emissions,  f u e l  
d i v e r s i t y  and customer use  of waste hea t  can s i g n i f i c a n t l y  reduce t h e  h igher  i n i t i a l  
c o s t  of t h i s  cogenerat ion system. 

In a cogenerat ion p l a n t ,  t h i s  thermal  energy i s  recovered and used t o  
This recovering of thermal  energy 

This concept of cogenerat ion 

The concept of cogenerat ion w a s  introduced i n  t h e  e a r l y  1900's. Today, 
p r i v a t e  power and cogenerat ion plants  provide more than 11% of t h e  Nat ion ' s  e l e c t r i c  
requirements and w i l l  provide more than 20% of the new power genera t ion  tomorrow. 
Cogeneration is f u l f i l l i n g  t h e  growing e l e c t r i c a l  needs of t h e  n a t i o n  w i t h  improved 
r e l i a b i l i t y  and e f f i c i ency .  Table l ' p r o v i d e s  a p a r t i a l  l i s t  of some of the e x i s t i n g  
cogenerat ion p l a n t s  i n  F lo r ida ,  These p l a n t s  are designed t o  provide a l l  or p a r t  of 
t h e  e l e c t r i c  requirements f o r  t h e i r  fac i l i t i es  wi th  l i t t l e  or no excess  e l e c t r i c i t y  
being so ld  t o  t h e  e l e c t r i c  u t i l i t i e s .  The thermal  energy i s  recovered t o  provide hot  
water, steam and/or a i r  condi t ion ing  on-si te .  Table  1 i n d i c a t e s  t h a t  h o s p i t a l s  are 
good a p p l i c a t i o n s  f o r  cogenerat ion systems. T h i s  is due t o  t h e i r  r e l a t i v e l y  cons tan t  
need f o r  e l e c t r i c i t y  and thermal energy. By having an e f f i c i e n t  on-s i te  cogenerat ion 
system ope ra t e  i n  p a r a l l e l  wi th  t h e  e l e c t r i c  u t i l i t y ,  a s i t e  can a l s o  improve t h e  
q u a l i t y  and dependabi l i ty  of t h e  e l e c t r i c  s e rv i ce .  
h o s p i t a l s  i n  F lo r ida  due t o  t h e  occurences of hu r r i canes  and o t h e r  causes  of e l e c t r i c  
i n t e r r u p t i o n s .  Table 2 i s  a p a r t i a l  l ist  of t h e  n o n - u t i l i t y  gene ra to r s  i n  F lo r ida .  
These p l a n t s  a r e  designed t o  make use  of t h e  thermal  energy on-s i te  and provide elec-  
t r i c i t y  t o  t h e  e l e c t r i c  u t i l i t i e s  i n  F lo r ida .  Tables  1 and 2 show t h a t  t h e r e  a r e  many 
i n d u s t r i e s  and f u e l  sources  t h a t  are good a p p l i c a t i o n s  f o r  cogenerat ion i n  F l o r i d a .  

Th i s  can be extremely important f o r  

The fol lowing information inc ludes  the t e c h n i c a l  and economic f e a s i b i l i t y  of 
cogenerat ion using n a t u r a l  gas  f o r  a t y p i c a l  h o s p i t a l  a p p l i c a t i o n  i n  F l o r i d a .  Most of 
t h e  e x i s t i n g  h o s p i t a l  cogenerat ion systems i n  F lo r ida  use  n a t u r a l  gas t u r b i n e  genera tors  
t o  provide e l e c t r i c i t y  and t h e  thermal energy is used f o r  h o s p i t a l  steam or i n  an 
absorp t ion  c h i l l e r  t o  provide a i r  condi t ion ing .  The t y p i c a l  h o s p i t a l  a p p l i c a t i o n  
presented he re  uses  a 1500 KW gas t u r b i n e  genera tor  wi th  t h e  waste heat be ing  used i n  
a 1000 ton d i r e c t  f i r e d ,  absorp t ion  c h i l l e r .  Table  3 shows t h e  input  des ign  d a t a ,  
energy sav ings ,  opera t ing  c o s t s ,  and i n s t a l l e d  c a p i t a l  c o s t  f o r  t h i s  system ve r sus  
opera t ion  without t h e  cogenerat ion system. The des ign  d a t a  inc lude  a t o t a l  e l e c t r i c  
Cost of $O.O65/KWH and a t o t a l  gas  c o s t  of $0.35/therm. Due t o  t h e  l a r g e  q u a n t i t y  of 
gas used by t h e  cogenerat ion system, t h e  use r  w i l l  probably c o n t r a c t  f o r  t h e  purchase 
of t h e i r  own gas and use the t r a n s p o r t a t i o n  rates a v a i l a b l e  from F l o r i d a  Gas Transmission 
and Ci ty  Gas Company. Therefore  t h e  gas  c o s t  is t h e  sum of t h e  c o n t r a o t p r i c e  f o r  gas 
p lus  t h e  t r a n s p o r t a t i o n  rates. 
94% t o  96% capac i ty  f a c t o r .  Hours out-of-service a r e  normally due t o  scheduled and 
prevent ive  maintenance. 
and an equipment escrow t o  r ep lace  equipment a t  t h e  end of i t s  normal l i f e .  The 
e l e c t r i c  c e n t r i f u g a l  c h i l l e r s  used i n  most h o s p i t a l s  a r e  being requi red  t o  convert  t o  
a non-CFC r e f r i g e r a n t .  The e l e c t r i c  c h i l l e r  e f f i c i e n c y  of 0.69 KW/ton i s  t y p i c a l  of 
most  c e n t r i f u g a l  c h i l l e r  e f f i c i e n c i e s  a f t e r  conversion. The hea t  r a t e  f o r  t h i s  gas  t rub ine  
i s  14 ,200  BTU/KWH 

Conventional cogenera t ion  p l a n t s  of t h i s  type  have a 

A c o s t  of $0.007/KWH is included f o r  prevent ive  maintenance 



T h e  energy savings t h a t  a r e  obtained by t h e  h o s p i t a l  inc lude  t h e  1500 KW of 
e l e c t r i c i t y  t h a t  i s  avoided and t h e  c o s t  of 1000 tons  of a i r  condi t ion ing  t h a t  would 
have been suppl ied by t h e  h o s p i t a l ' s  e l e c t r i c  chil lers.  
using t h e  cogenerat ion p l a n t  inc lude  t h e  c o s t  f o r  t h e  n a t u r a l  gas  and the c o s t  f o r  
maintaining and rep lac ing  t h e  cogenerat ion equipment. When t h e  annual energy savings 
of $1,184,637/yr a r e  reduced by t h e  ope ra t ing  c o s t s  of $707,786/hr t h e  net savings of 
$476,85I/yr is a v a i l a b l e  t o  t h e  h o s p i t a l .  The i n s t a l l e d  c a p i t a l  c o s t  f o r  t h i s  cogen- 
e r a t i o n  system is $2 .8  mi l l i on .  
add i t ion  of t h e  proposed cogenerat ion p l a n t  t o  t h e  h o s p i t a l  would: (1) improve t h e  
q u a l i t y  and r e l i a b i l i t y  of e l e c t r i c  s e r v i c e  a t  t h e  h o s p i t a l ;  ( 2 )  reduce t h e  h o s p i t a l ' s  
c o s t  of energy; and (3) enable  t h e  h o s p i t a l  t o  provide  e s s e n t i a l  s e r v i c e s  during 
per iods of e l e c t r i c  power i n t e r r u p t i o n s  l i k e  hu r r i canes .  

The added ope ra t ing  Costs f o r  

Therefore  t h e  simple payback is 5.9 yea r s .  The 

P resen t ly  1500 KW is probably t h e  smallest s i z e  gas t u r b i n e  genera tor  wi th  
acceptable economic f e a s i b i l i t y  i n  F lo r ida .  Due t o  economies of s c a l e ,  t h e  economics 
Qill-imprOVe f o r  l a r g e r  cogenerat ion systems. Appl ica t ions  needing less than  1500 
KW should probably consider  us ipg  r ec ip roca t ing  engine cogenerat ion systems or gas 
engine c h i l l e r s  with hea t  recovery.  

Hospi ta l s  a r e  only one p o s s i b l e  a p p l i c a t i o n  f o r  cogenerat ion systems. Other 
l a r g e  u s e r s  of both e l e c t r i c i t y  and thermal energy (steam o r  hot  water) o r  a i r  condi- 
t i on ing  a r e  o the r  app l i ca t ions .  I n d u s t r i a l  s i t e s ,  h o t e l s ,  u n i v e r s i t i e s ,  h e a l t h  c a r e  
f a c i l i t i e s ,  apartment bu i ld ings ,  schools ,  r e s t a u r a n t s ,  l aundr i e s  and many o t h e r s  a r e  
poss ib l e  s i tes  f o r  cogenerat ion systems i n  F lo r ida .  

2 



PROJECT 

Baptist Medical Center 
of Jacksonv i 1 le 

St. Vincent's Hospital 
(Jacksonville) 

St. Joseph's Hospital 
(Tampa) 

TABLE 1 
SOME COGENERATION PLANTS IN FLORIDA 

PLANT OUTPUTS 
ELECTRIC/ STEAM /A. C. 

12 MW /80,000#/hr f3000 tons 

1.4 MW/10,200#/hr 11060 tons 

1.7 MW/Hot Water I403 tons 

z 

North Shore Medical Center 1.5 MWf - f850 Tons 
(Miami ) 

hlerritt Square Mall 
(Merritt Island) 

Citrus World 
(Lake Wales) 

Tropicana 
(Bradenton) 

4.9 MWJ - 12200 Tons 

4.0 MW/110,000#/hr/ - 

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

PLANT DESIGN OPERATIONAL 
ENGINE/HEAT RECOVERY STATUS 

4 Gas Turbines 1978 
4 Heat Recovery Boilers 
3 Absorption Chillers 

1 Gas Turbine 1990 
1 Heat Recovery Boiler 
1 Absorption Chiller 

# 

1 Reciprocating Enzine 1993 
1 Heat Recovery Boiler 
1 Absorption Chiller 

1 Gas Turbine 1993 
1 Absorption Chiller 

(Direct Fired) 

7 Reciprocating Engines 1969 
7 Heat Recovery Boilers 
2 Absorption Chillers 
2 Electric Chillers 

1 Gas Turbine 1987 
1 Heat Recovery Boiler 

1 Gas Turbine (STIG) 1989 
1 Heat Recovery Boiler 



TABLE 2 

NON-UTILITY GENERATORS IN FLORIDA 

~~ 

Polk Co. 
W. Palm &ash 60 Mw/ FPbL oporaung MSW 

2,600 (pd 
Bibcock 6 wllool 

unnamed 74 Mw FP planned Bat CFR Blo-Gon COV. 
MonWnapDade 63 MW FPbL operating MSW Communlfy Energy 

Oade b u n I y  n.h 
Cmram Poi% CQ. 2.7 MW NA oporaliq wasle heat 
bckol  EnDrpY 50% RidgE deneratinp SB., 40 MW FP planned 

Dorloc Energy 50% 

FIO sun OkWlanla 70 MW FPhL planned wgwone 
OscBoIa F m s  42 MW FP&L planned wqar a08 

Mulberry Phorphntos MJnPlcO GO. 28 MW FP plvlned waslo heal 
Polk Co. 3 MW TECo operallrq waste heat 

Norlh Crnadlan Powor ~ a k e  men Lid.. 102 MW FP planned gar 

Allornallvor 23% Dada Co. - 
Wood. bfES 

Whoolrbrrlor 50% Polk Co. 

156 MW FP planned peal 
EurPoaI M% W. Palm Beach 52 MW F P b i  planned paat 

! Lake Placid 

SUE PEVECOP6Rlrl 
2 9  MW FPhL consuucllon coal 

110 MW FP-72 MW consiruebon gar 

Cedar b y ,  
Jacksonwne 

A69 

Air Prod. 6 Chnmlcdr Orlando . Raedv Creah 
MW 

Pahok-ae 2s MW FPbL pmned mal 
CSW Enorsy 50% Mwlbeny Enerpy. 72 Mw FP planned gas ArU Enofgy 50% 



TABLE 3 

NATURAL GAS COGENERATION ANALYSIS 
GAS TURBINE GENERATOR WITH ABSORPTION CHILLER 

DESIGN DATA: 1500 KW Gas Turbine Generator 

7F 1000 Ton Absorption Chiller 
$O.O65/KWH Electric Cost 

$0.35/therm Gas. Cost (Gas Contract + Transportation Rates) 
95% Capacity Factor 
$.007/KWH Maintenance Cost 
.69 KW/Ton Electric Chiller Efficiency 
14,200 BTU/KWH Gas Turbine Efficiency 

\ 
ENERGY SAVINGS: 

$?06' X' 8760 x .95 capacity factor = $811,395/yr Electric : 1500 KW X 

69 KW x$065 8760 HR .95 $373,242/yr AfC: 1000 tons X'K 

YR 

KWH YR 

OPERATING COSTS: 

x 8760 HR x .95 $620,405/yr 14,200BTU $ . 3 5  
'=TU YR Natural Gas: 1500 KW X KWH 

$.007 8760 HR .95 = $ 87,381fyr Maintenance: 1500 KW X - 
YR KWH 

NET SAVINGS: 

TOTAL OPERATING COSTS $ 707,786lyr 

$476.851/yr 

CAPTIAL COSTS: 
Gas Turbine Generator = $1,250,000 

Absorption Chiller = $ 600,000 
Installation, Overhead, Fees = $ 950,000 

TOTAL CAPITAL COST = $2,800,000 

SIMPLE PAYBACK: 5 . 9  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 AIC to Maintain 
Conditioned Space @ 75*F and 35% R.H. 

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

ENERGY COSTS 

CALCULATIONS: 

RESULTS : 

- Electric - $ 0.65fKWH 
Natural Gas - $ 0.451them 

\ .  Computer Analysis Based Upon Hourly Internal Load Conditions For New 
Supermarket and Ambient Weather Conditions for Tallahassee 

ENERGY CONSUMPTION 

Electric 
Gas 

HVAC SYSTEM 

REFRIGERATION CASES 
Electric 

PFAK DEMAND 

TOTAL ENERGY USE 
Electric 
Gas 

ENERGY COSTS 
Electric 
Gas 

DESICCANT DEHUMIDIFIER 

221,887 KWH/yr 
20,943 thermlyr 

920,431 KWH/yr 

207 KW 

1,142,318 KWH/yr 
20,943 thermlyr 

CONVENTIONAL A/C 

400,680 KWH/yr 
-0- 

1,127,519 KWH/yr 

263 KW 

1,528,199 KWH/yr 
-0- 

$ 99,333/yr 
-0- 

Total 

NET SAVINGS 

CAPITAL COSTS 

$ 83,674lyr 

$ 15,659lyr 

$ 76,500 . 

$ 99,333Iyr 

- 

$ 77,000 



$ 1 M r .  C. Edward M i l l s  
Bureau of Gas Regulation 
F lo r ida  Publ ic  Serv ice  Commission 
101 E a s t  Gaines S t r e e t  
Ta l lahassee ,  FL 32399-0868 

Sept .  16, 1993 

RE: 

Dear M r .  M i l l s :  

REQUEST FOR INFORMATION ON GAS TECHNOLOGIES 

Enclosed p l ease  f i n d  the information t h a t  you requested on G a s  Engine 
C h i l l e r s ,  Gas Water Heating, and Gas Engine Heat Pumps. It is important t h a t  t h e  
e l e c t r i c  u t i l i t i e s  know w h a t  y e  input  des ign  cri teria,  system c h a r a c t e r i s t i c s  and 
u t i l i t y  r a t e s  a r e  t h a t  were used f o r  t h e s e  comparisons. 
show t h e  e l e c t r i c  u t i l i t i e s  how t o  determine t h e  energy consumption and opera t ing  
c o s t s  f o r  t hese  gas technologies .  
pumps produce both A/C and hot  water  i t  w a s  necessary t o  inc lude  t h e  c o s t s  f o r  
providing hot water with t h e  e l e c t r i c  A/C systems a l s o .  
i t  is poss ib l e  t o  provide t h e  e l e c t r i c  u t i l i t i e s  wi th  a l l  of the fol lowing information 
so t h a t  they have t h e  complete p i c t u r e  of t h e s e  gas technologies  and our  eva lua t ion .  

The c a l c u l a t i o n  s h e e t s  w i l l  

Since t h e  gas engine c h i l l e r s  and gas  engine hea t  

P l e a s e  a sk  Joe  Jenkins  i f  

P l ease  contac t  m e  i f  I can provide any a d d i t i o n a l  information.  

enc losures  ( 5 )  
cc: Henry Block 

Jack Langer 
John Stark  

b e e :  JP~U K ~ u T s ' I ~ ~ ~ ~  
Jsc &*&ut 

wcrzy A N 3  IlelkA/ 

Since re ly ,  

Richard C .  Furman/ 
Consul t ing Engineer 
C i ty  Gas Company of F lo r ida  
10404 SW 128 Terrace 
M i a m i ,  FL 33176 
(305 )  232-4074 
fax :  232-4074 

MIAMI OIVISION: 855 E 2STH STREET * HIALEAH. FL 33013-3A90 305-691-8710 FAX 305-691-71 12 
BREVARO DIVISION: 4100 SOUTH U.S. 1 - ROCKLEOGE. FL 32955-5309 - 407-638-4644 FAX 407-633-6733 

TREASURE COAST OIVISION: 1323 NW ST LUCIE WEST BOULEVARO - PORT ST LUCIE. FL 34996 - 407-071-2551 FAX 407-871-2044 

~ ~ ~~ ~ ~~ ~~~~ 



GAS D R I V E N  C H I L L E R S  - T E C O C H I L L  150 TONS 

JNPUT 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 
EFFICIENCY - 1 . 7  C.O.P.  = 1.7 l . o  BTU BTU OF OF FUEL (INTEGRATED PART LOAD VALUE) 

AUXILIARY ELEC. - 3 KW 

ENGINE MINT. + REPLACEMENT COSTS - $ O . O ~ / T O N . H R  

HOT WATER PRODUCTIQN - 700,00OBTU/HR @ FULL LOAD 
SYSTEM CHARACTERISTICS: NEW ELECTRIC CHILLER - 150 TONS 

EFFICIENCY - 0 . 6 5  KW/TON = ::: ~ N o ~ F E ~ ~ ~ L I N ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  PART LOAD VALUE) 

ENERGY COSTS : 
NATURAL GAS - $ 0 . 4 5  /THERM C I T Y  GAS CO. COMMERCIAL RATE (8/93) 

(excluding customer charge and taxes) 

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

CALCULATIONS 
SEE FOLLOWING TABLE 2 ,o  - CALCULATIONS 

RESULTS 

ANNUAL ENERGY CONSUMPTION 
GAS 63,529 THERMS/YR 
ELECTRIC 25,500 KWH/YR 

ANNUAL OPERATING COSTS 
GAS $28, s a a / ~ ~  
ELEC 8 $ 1,6%/YR. 
MAINTENANCE $ 9,OOO/YR 

CAPITAL COSTS (CHILLER ONLY) 
EQUIPMENT $ 66,500 

(including C i t y  Gas rebate) 

NEW ELECTRIC CHILLER - 
42,000 THERMS/YR 

5a5,ooo KWH/YR 

$ 2 5 , 2 0 0 / ~ ~  

$55,000 

INSTALLATION SAME SAME 
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ANNUAL ENERGY USE 

ENERGY COST 

ANNUAL HOT WATER COST 

ANNUAL HOT WATER SAVINGS 

RESIDENTIAL WATER HEATERS IN FLORIDA 

ANNUAL FUEL USE 

ANNUAL FUEL SAVINGS 

CAPITAL COSTS (New Home) 

WATER HEATER 

INSTALLATION 

CITY GAS BUILDER 
INCENTIVE 

TOTAL COST 

TYPICAL ELECTRIC 
WATER HEATER 

4195 KWH/YR 

$0.078/KWH 

$ 327/YR 

\ 

-TU 47.7 -YR 

$100 

$200 

$ 0  
- 
$300 

TYPICAL GAS SEAHORSE GAS 
WATER HEATER WATER HEATER 

216 THERMSfYr 216 THERMS/YR 

$0.67 /THERM $0.67 /THERM 

$ 145/YR 

$ 1%2/YR 
(56%) 

MMBTU 

MMBTU 

21.6 YR 

26.1 YR 
( 5 5 % )  

$140 

$225 

-$225 

$140 

$ 145/YR 

(56%) 
$ 1%2/YR 

MMBTU 

MMBTU 
YR 

21.6 7 

26.1 - 
(55%) 

$455 

$253 

-$225 

$483 



GAS ENGINE HEAT PUMP - YORK 3 TON 
JNPUT DA TA 

APPLICATIONS:  R E S I C E N T I A L  AND SMALL COMMERCIAL 
i 

NEW A/C UNIT CAPACITY - 3 TONS 
A/C LOAD FACTOR - 3000 EQUIVALENT FULL LOAD HOURS PER YEAR (EFLH) 

SYSTEM CHARACTERISTICS:  YORK GHP W I T H  GAS WATER HEATER 
BTU (SEASONAL C.O.P.) 1.0 BTU FUEL EFFICIENCY - 1 .2  C.O.P. 

AUXILIARY ELEC. - 0.35 KW 

HOT WATER PRODUCTION - YORK GHP - 17,500 BTU/!-lR @ FULL LOAD 
(TOTAL HOT WATER FOR RESIDENCE FOR 9 MONTHS) 
(GAS WATER HEATER FOR RESIDENCE FOR 3 MONTHS) 

SYSTEM CHARACTERISTICS:  NEW ELECTRIC A/C SYSTEM W I T H  ELECTRIC WATER HEATER 
EFFICIENCY - 1.2 - KW (10.0 SEER) 

KWH HOT WATER PRODUCTION - ELECTRIC WATER HEATER - 4 1 9 5  yg- 
TONS , 

ENERGY COSTS: 
NATURAL GAS - $0.67/THERM CITY GAS CO. RESIDENTIAL RATE (8/93) 

(excluding customer charge and taxes) 

(excluding customer charge and taxes) 
ELECTRICITY - $O.O78/KWH FLORIDA POWER & LIGHT CO. (8/93) 

CAI CULATIONS 
SEE FOLLOWING TABLE 6,O - CALCULATIONS 

RESULTS 
YORK GHP WITH 
GAS WATFR HEATER 

ANNUAL ENERGY CONSUMPTION 
GAS 954 THERMS/YR 

ELECTRIC 1575 KWH/YR 

GAS $ 6 3 9 / ~ ~  
ELECTRIC $ 1 2 3 / ~ ~  
MAINTENANCE $ 50/YR 

ANNUAL OPERATING COSTS 

C A P I T A L  COST - INSTALLED $6800 
(without water heater) 

NEW ELEC,  A/C WITH 
,E.~J~TUTJAEE 

- 

14,995 KWH/YR 

- 
$1169 /v~  

$3000 
- 
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CITY GAS COMPANY OF FLORIDA 

Mr. Joseph D. Jenkins 
Director-Div. of Electric & Gas 
Florida Public Service Commission 
101 East Gaines Street 
Tallahassee, F% 32301 

. .  
Sept. 3, 1993 

RE: ClTY GAS COMPANY’S RESPONSE TO INTERROGATORIES ON 
ELECTRIC u?TLITIES ADOPTION OF CONSERVATION GOALS 

DearMr. Jenkins: 

Set of Interrogatories that was r & uested 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 Interrogatoiies 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 h o w  if this is the information that is needed by the 
PSC staff. 

Enclosed please find Ci Gas Company’s Response to Tampa Electric‘s F h t  

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 h o w  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, 
%LL..ds,. #- enclosures 

cc: Langer, J. Richard C.-Furrnan 

bcc.. \ lea  k u 7 y ’ ~ p  
Stark, J. Consulting Engineer, City Gas Co. of FL 

10404 SW 128 Terrace 
MAey //do& I /  Miami, FL 33176 

(305) 232-4074 
MIAMI OIVISION: 855 E 2 5 T H  STREET HIALEAH. FL 3 3 0 1 3 - 3 4 9 8  * 3 0 5 - 6 9 1 - 8 7 1 0  - FAX 3 0 5 - 6 9 1 - 7 1  1 2  

8RNARO OIVISION: 4180 SOUTH U.S. 1 * ROCKLEOGE. FL 32855-5309 * 4 0 7 - 6 3 6 - 4 6 4 4  - FAX 4 0 7 - 6 3 3 - 6 7 3 3  
TREASURE COAST OIVISION: 1 3 2 3  NW ST LUCIE WEST BOULEVARO - PORT ST LUCIE. FL 3 4 9 8 6  4 0 7 - 0 7 1 - 2 5 5 1  * FAX 4 0 7 - 6 7 1 - 2 0 4 4  



DRAFT-FOR YOUR COMMENTS 

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

BACKGROUND : 
Ci ty  Gas Company be l i eves  t h a t  t h e  proper  a p p l i c a t i o n  of n a t u r a l  g a s  cool ing 

technologies  w i l l  have p o s i t i v e  b e n e f i t s  f o r  e l e c t r i c  and gas  u t i l i t i e s  while  
providing c o s t  savings f o r  t h e  end user,  more e f f i c i e n t  use  of our n a t u r a l  resources  
and l e s s  emissions t o  t h e  environment. C i ty  Gas Company would l i k e  t o  work 
together  wi th  o ther  e l e c t r i c  and gas u t i l i t i e s  t o  o f f e r  coordinated conservat ion 
programs f o r  t h e  more widespread use of t hese  new technologies .  
the  country gas  and e l e c t r i c  u t i l i t i e s  a r e  working toge the r ,  l i k e  Con Edison and 
Brooklyn Union Gas, t o  o f f e r  r e b a t e  programs f o r  gas cool ing equipment. 
s i d e  management program reduces t h e  need t o  cons t ruc t  new e l e c t r i c  genera t ing  
capac i ty  while  making b e t t e r  use  of t h e  e x i s t i n g  n a t u r a l  gas  d i s t r i b u t i o n  system. 
The enclosed brochure from Con Edison e n t i t l e d  "Con Edison Enlightened Energy 
Reba te  Program - High E f f i c i e  cy G a s  A i r  Conditioning" and t h e  enclosed brochure 

gas u t i l i t i e s  Can work toge ther .  

In o t h e r  a r e a s  of 

This  demand 

from Brooklyn Union Gas e n t i t  f ed "Gas Cools. Gas Saves" desc r ibes  how e l e c t r i c  and 

The a v a i l a b i l i t y  of a new genera t ion  of more e f f i c i e n t  and r e l i a b l e  gas 
cool ing products  from a number of manufacturers is one reason f o r  renewed i n t e r e s t  
i n  gas cool ing.  A good source of information on t h e  gas cool ing equipment t h a t  i s  
c u r r e n t l y  a v a i l a b l e  from va r ious  manufacturers is a pub l i ca t ion  by t h e  American 
Gas Cooling Center (AGCC), 1515 Wilson Blvd., Arl ington ,  VA 22209 e n t i t l e d  "Natural  
Gas Cooling Equipment Guide" da ted  October 1992. The AGCC a l s o  has an i n s t a l l a t i o n  

cons i s t ing  of desc r ip t ions  of t h e  a p p l i c a t i o n s ,  equipment and economics. The AGCC 
a l s o  has i n s t a l l a t i o n  summaries and economic a n a l y s i s  sof tware  based upon Trane 
Company's "Trace" bui ld ing  a n a l y s i s  program. 

1 data  base cons i s t ing  of i n s t a l l e d  gas cool ing equipment throughout t h e  U.S .  

Other recent  developments con t r ibu t ing  t o  t h e  momentum toward n a t u r a l  gas 
cooling inc lude ;  

-des i res  t o  cu t  energy c o s t s  and e l imina te  e l e c t r i c  peak demand charges 
-low n a t u r a l  gas p r i c e s  
- f i n a n c i a l  i ncen t ives  from t h e  gas indus t ry  
-need f o r  improved indoor a i r  q u a l i t y  
-responsiveness t o  environmental c a l l s  f o r  a switch t o  c l eane r ,  CFC-free techno- 

l o g i e s  

Today, high-eff ic iency gas- f i red  cool ing  equipment i s  r e a d i l y  a v a i l a b l e  f o r  
commercial f a c i l i t i e s - i n c l u d i n g  h o t e l s ,  h o s p i t a l s ,  nurs ing  homes, o f f i c e  bu i ld ings ,  
warehouses, supermarkets,  and r e t a i l  o u t l e t s  and i n d u s t r i a l  f a c i l i t i e s .  Some 
equipment on t h e  market i s  a l s o  appropr i a t e  f o r  r e s i d e n t i a l  use.  In a d d i t i o n ,  
s e v e r a l  promising systems being developed and demonstrated today a r e  expected t o  
reach the  market p lace  wi th in  t h e  next  few yea r s .  

There a r e  t h r e e  b a s i c  types of gas  cool ing systems a v a i l a b l e  today - 
absorp t ion ,  engine-driven, and des i ccan t .  Each type  i s  r e a d i l y  a v a i l a b l e  from 
mul t ip le  vendors i n  s tandard packaged systems t h a t  have proven r e l i a b l e  i n  a 
v a r i e t y  of app l i ca t ions .  Most manufacturers w i l l  a l s o  provide l a r g e r  u n i t s  or 
s p e c i a l  custom conf igura t ions  t a i l o r e d  t o  meet t h e  needs of v i r t u a l l y  any app l i ca t ion .  
Absorption and des iccant  systems a r e  p a r t i c u l a r l y  amenable t o  being packaged with 
cogeneration systems, which provide t h e  hea t  needed t o  power t h e i r  c h i l l e r s .  The 
American Gas Associat ion has a video t ape  e n t i t l e d  "Natural  Gas Cooling - Today's 
S o l u t i o n  t o  Tomorrow's Problems" which i s  an exce l l en t  i n t roduc t ion  t o  these  



t h r e e  b a s i c  types of gas cool ing and shows var ious  a p p l i c a t i o n s .  The proper  
app l i ca t ion  of each of t hese  technologies  i s  t h e  key t o  reducing energy c o s t s  

The f i r s t  s e t  of i n t e r r o g a t o r i e s  t o  C i t y  Gas Company only l i s t s  some of 
t h e  new gas  cool ing equipment a v a i l a b l e  from some of t h e  manufacturers .  Therefore  
our response w i l l  be a s  s p e c i f i c  as poss ib l e  f o r  t hese  i n d i v i d u a l  p i e c e s  of equipment 
but  a l s o  inc lude  our assessment of t h e  o v e r a l l  t echn ica l  and economic f e a s i b i l i t y  
of gas cool ing technologies  i n  F lo r ida .  
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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 bk 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" cooling) and to lower temperature 
("sensible" cooling). Most air conditioners perform 
latent and sensible cooling simultaneously by cooling the 
air stream until sufficient moisture condenses out. 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 conditioned space. 

Desiccant systems, in contrast, directly remove moisture 
from the air without cooling 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 humidi'ty 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 s,pace and 
provides 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 cooling systems. 

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

Page 1-7  



In 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 
chi 1 lers. 

* Hotels-eliminating mold and mildew problems, along 
with musty odors. 

* Industrial 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 liquid that is sprayed into the 
air stream. The desiccant captures moisture as the air 
passes through its rotating wheel o r  liquid spray. 

The removal of moisture from the air results in a release 
of heat (the heat of sorption), which raises the 
temperatvre 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 Interrogatory X 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 representative 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 eqcipment employir,g certa!n 
proprietary variations to the design'. SuperAire in 
particular is designed for new installations o r  total 
replacement of existing conventional air conditioning 
installations. 
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RECOMMENDATIONS 

Since the basic operating principle of a desiccant system 
differs dramatically from that o f  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 160-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 yield significant efficiency 
improvement. \ 

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 application at the 
Marriott Courtyard Hotel in West Palm 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 thzt reportz. 

Tests are now being conducted on a larger, more advanced 
unit at 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 for a desiccant 
system when compared to proper operation 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 c1;mar;ic cherecteristics is 
shown in Figure 1 . 5 .  

Gas-fired desiccant dehumidification systers offer an 
elternative to conventional vapor compression cycle air 
conditioning systems which can defer new power plant 
construction, reduce consumption of natural resources, and 

Page 1 - 3  



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 
usually based on the tons of electrfc-powered equipment 
displaced and electric strip heating eliminated. 

\ 
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REG ENERATION 
HEATER 

DEHUMIDIFICATION 
AIR STREAM 

HEAT 
EXCHANGER 

DESICCANT 
WHEEL 

FIGURE 1.1 - TYPICAL DESICCANT DEHUMIDIFICATION SYSTEM 
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Figure 1.2 

3 
FIRST COST AND ANNUAL COST COMPARISON 

(H.E. Butt Store, San Antonio, Texas\ 

Types or IIVAC Systems 

SuperAire Dual Coil Single Coil 
Convcntional Vapor Conipression 

Store conditions 75'F. 409brh 7S'F. 489orh 7S.F:. 489brli 
0.5 crlllirt* 0.8 crl11/rt2 I .o crndrt* 

HVAC system first cost 
a. System. delivered 566.254 560.324 552.324 

3 1.249 e. Duct system installed -_ 17 146 28.71 I 
Total First Cost 596,420 5inn.ixs 594,723 

b. System installation 13.020 11.150 11.1so 
-- 

Aonunl COSIS* 
a. U[ility cost 

I .  HVAC systeiii s 10.440 $14.389 $I7.355 
2. Rclrig..Food cascs 62.SG8 68.010' 6X.O IO 

I .746 -- h. Main<inance cost .. . 1.824 1.746 
' m a i  Annual costs E74.1132 '. $87.111 

' Costs are based on an electricity rale 01 t.OP99lkWh and no demand charge and 
a gas rate of  $.4ll!herm. 

I 

Figura 1.3 
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FEASISILITY STUDY 
FOR 

FORT LAUDERDALE HI-R!SE HOTEL 

GAS-FIRED DESICCANT VS. EXISTING COOL/REHEAT SYSTEM 

PORTION OF SYSTEM ONLY!] AIR [NOTE: ANALYSIS FORIOUTSIDE 

System as designed: 

28900 CFM outside air 
6 2  DB/60.8 WB Leaving ai 
72 DB Delivery air 
200 KW heatins coils 

( a  prox 78 GR/LB) 

Design heating temp 80 DB 
Chiller efficiency 1 . 0  KW/TON (cool/reheat) 

0 . 9  KW/TON (desiccent) 

RESULTS : 

Tons 
Cooling KWH 
Reheat KWH 
Heating KWU 
Total KWH 

Cooling gas MCF 
Heating gas MCF 

Existing 

1 5 0 . 1  
645,039 
625 .009  
299.364 

1,569,413 

0 
0 

Annual oper cost $102,012 

Des ccant 

4 5 . 8  
133,296 

0 
0 

133,296 

7 ,907  
1,385 

$ 5 0 , 4 7 9  

Figure 1.4 



ALABAMA 

ARKANSAS 

DESICCANT DEHUMlDlFlCATiON !NSTALLAT!ONS 
IN THE SOUTHEASTERN STATES 

Liz Cleiborne Clothing Warehouse I cc 
-Montgomery ( 5  units-in process) 

Wa 1 Mart 
-Conway 
-Little Rock 
-Morrilton 
-Ash Flat 
-Pocahantas 

' -West Helena 
\ 

FLOR IDA Fort Patrick AF3 Cormissary 

WalMart-West Palm 3each 

GEORG I A 

MUNTERS 

I cc 
MU NTE R S 

Marriott Courtyzrd-West Palm Beach MUNTERS 

Winn Dixie-Jacksonville 

Swan Hotel-Disney World 

Cub Foods Supermarket ( 2 )  
-At 1 anta 

MISSISSIPPI WalMart 
-Senatobia 
-Amory 

N. CAROLINA Harris Teeter 
-Charlotte 

TEXAS Appletree-Houston 

H.E.5.-San Antonio 

Fiesta-Austin 

Tom Thumb-Dallas 

Wa 1 Mart 
-Livingston 
-Victoria . 
-Corpus Christi 
-McA 1 1 en 

MUNTERS 

MUNTERS 

I cc 

MUNTERS 

MUNTERS 

MUNTERS 

KUNTERS 

MUNTERS 

MUNTERS 

MUNTERS 

Figure 1.5 



NOTES : 

1 Other systems are described i n  THE NATURAL GAS COOLING 
EQUIPMENT GUIDE published by The American Gas Cooling 
Center, 1515 Wilson Blvd., Arlington, V A  ( 1 0 / 9 2 )  

* ASHRAE TRANSACTIONS 1992. V 98 Pt. 7 

3 TECH PROFILE “Commercial Desiccant-Based Cooling System” 
G a s  Research Institute #0289LP18000 

\ 



DRAFT-FOR YOUR COMMENTS 

2 .0  "Tecochill" - Gas Engine Driven C h i l l e r  

A gas engine-driven c h i l l e r  employs t h e  same cool ing process  a s  a convent ional  
electric-powered system. 
by an engine. 
load e f f i c i e n c y ,  e f f i c i e n t  high-temperature waste-heat recovery f o r  domestic water 
hea t ing  or steam genera t ion ,  and i n  t h e  proper a p p l i c a t i o n s ,  reduced opera t ing  cos t .  

The main d i f f e r e n c e  i s  t h a t  t h e  e l e c t r i c  motor is replaced 
This  switch y i e l d s  var iable-speed ope ra t ion  c a p a b i l i t y ,  h igher  par t -  

C i ty  Gas Company p resen t ly  has  two Tecoch i l l  g a s  engine c h i l l e r s  i n s t a l l e d  
i n  our s e r v i c e  t e r r i t o r y .  A Tecoch i l l  160 ton  n a t u r a l  gas  engine chi l ler  w a s  in- 
s t a l l e d  a t  Green Briar Nursing Center i n  Miami on August 18, 1990. This  system can 
supply a l l  of t h e  c h i l l e d  water and most of t h e  hot  water f o r  t h i s  f a c i l i t y .  The 
demonstrated energy savings f o r  both c h i l l e d  w a t e r  and hot  water was 54%. Enclosed 
f o r  your information is a "Ch i l l e r  Appl ica t ion  Report" f o r  Green Briar which inc ludes  
a comparison of  t h e  monthly energy c o s t s  for e l e c t r i c  and gas  engine c h i l l e r s .  
enclosed i s  a r ecen t  Miami Herald a r t i c l e  which inc ludes  an in t e rv i ew wi th  t h e  
owner of Green Briar and a product s p e c i f i c a t i o n s  shee t  f o r  t h e  Tecoch i l l  125/150 

Also  

ton c h i l l e r .  \ 

A Tecochi l l  150 ton  n a t u r a l  gas  engine c h i l l e r  w a s  i n s t a l l e d  a t  t h e  M i a m i  
V i l a  Hotel  i n  South Miami on November 16 ,  1991.  This  system can supply a l l  t h e  
c h i l l e d  water and most of t h e  hot  water for t h i s  f a c i l i t y .  The c a l c u l a t e d  energy 
savings f o r  both c h i l l e d  water and hot  water i s  46%. 
t h i s  a p p l i c a t i o n  e n t i t l e d  "Miami V i l a  Hotel".  

Enclosed is a d e s c r i p t i o n  of 

Before encouraging t h e  use of T e c o c h i l l ' s  g a s  engine c h i l l e r s ,  Ci ty  Gas 
Company conducted t echn ica l  and economic eva lua t ions  on t h e  use  of gas  engine c h i l l e r s  
versus  convent ional  e l e c t r i c  c h i l l e r s  i n  F lo r ida .  This  included s i t e  v i s i t s  t o  
about six  Tecoch i l l  i n s t a l l a t ions  t o  d i scuss  t h e  ope ra t ing  c o s t s ,  maintenance c o s t s  
and equipment r e l i a b i l i t y .  

Our evalua t ions  ind ica t ed  t h a t  f o r  a f a i r  comparison of e l e c t r i c  versus  
gas  energy systems i t  i s  e s s e n t i a l  t o  cons ider  t h e  t o t a l  energy supply system. 
i s  necessary t o  compare t o t a l  system e f f i c i e n c y ,  t o t a l  c a p i t a l  c o s t s  and t o t a l  
energy c o s t s .  Table 2 , l -  T o t a l  Energy Supply System shows t h e  e f f i c i e n c y ,  c a p i t a l  
cos t  and energy c o s t  f o r  a t y p i c a l  e l e c t r i c  c h i l l e r  system ve r sus  a n a t u r a l  gas  
engine system. 
of t h e  more than over 200 Tecoch i l l  u n i t s  now ope ra t ing  i n  t h e  U.S. i n  t h i s  s i z e  
range. 

This 

For t h i s  a n a l y s i s  a 150 ton c h i l l e r  s i z e  was used which i s  t y p i c a l  

The e f f i c i e n c y  diagram i n  Table2.l shows t h a t  during t h e  product ion of 
e l e c t r i c i t y  67% of t h e  energy i s  wasted. 
cool ing tower, pond, r i v e r  o r  ocean and through t h e  smoke s t ack .  Because these  power 
p l a n t s  a r e  remotely loca ted  t h i s  waste hea t  is n o t  used. When t h e  l o s s e s  f o r  
e l e c t r i c a l  t ransmission and d i s t r i b u t i o n  are accounted f o r  t h e  end u s e r  only has 30% 
of t h e  energy t h a t  w a s  consumed in t h e  power p l a n t .  
our  energy resources .  A t  t h e  u s e r s  s i t e  t h e  e l e c t r i c i t y  i s  used i n  an e l e c t r i c  
c h i l l e r  w i th  a t y p i c a l  e l e c t r i c  motor e f f i c i e n c y  of 90% therby  provid ing  27% of t h e  
o r i g i n a l  energy t o  t h e  s h a f t  of t h e  compressor which provides  t h e  a i r  condi t ion ing .  
Therefore  t h e  t o t a l  system e f f i c i e n c y  f o r  t h i s  t y p i c a l  e l e c t r i c  c h i l l e r  system i s  27%. 

Th i s  energy i s  l o s t  a s  waste hea t  t o  t h e  

This  i s  a &emendous waste of 

The e f f i c i e n c y  diagram i n  T a b l e a  a l s o  shows t h a t n a c u r a l g a s  can be used 
d i r e c t l y  i n  t h e  gas  engine c h i l l e r  without  t h e  i n e f f i c i e n c i e s  of e l e c t r i c  power 
production t o  provide 28% of t h e  o r i g i n a l  energy t o  t h e  s h a f t  of t h e  compressor which 
provides t h e  a i r  condi t ion ing .  This  28% e f f i c i e n c y  i s  n o t  a s i g n i f i c a n t  improvement 
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Chiller Application Report 

* -  

l7,e Grrcri Br im N n r s i q  Cciitur demmdr 
u ItigS lrvrl of comfort for its patients as 
well 01 niergy snvings. Tlrc Tecocldl rys- 
t a n  lins satisfied botli w i t h  a,, r i w  j 
rauirigr of54557 (54901 diiriiig tlwf%t 
month of oprmtiou. 

G r e e n  Briar 
Nursing C e n t e r  
Miami, Florida 

The Green Briar Nursing Center is 
a 203 bed comprehensive and reha- 
bilitative care center located in the Riciiard Fttnnnn, aigineering corirrdtnrit 

on the project, commented dwing Y rectnt 
v i s i t ; " T k  Tecocitill system lias rurpzsed 
mwperfonnance goals mid itzitid rticrgy 
rnuingr eitimatCs. I t  is defitzitely suited 
for o w  imt and Iturnid South Florida 
climatd' 

Kendall area of Miami. This one 
and two story building consists of 
about 75,000 sq. ft., originally 
served by two electric redprocat- 
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 
natural 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. 

for installing the Tecochill system at Green Briar 

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

KEY DATA 

Installed: August 18,1990 
Availability: 98% - first month 
Energy Savings: 54,567 - first month 
Benefits: Energy savings and hot water recovery 

City Gas Company of Florida provided support 

CITY GAS COMPANY OF FLORIDA 



160 TON 
NATURAL GAS ENGINE CHILLER 

GREEN BRIAR NURSING CENTER 
MONTHLY ENERGY SAVINGS - AUGJSEPT. 

Actual Energy Bills - Aug./Sept. 

NATURAL GAS 
ELECTRICITY 

TOTAL 

DIFFERENCE 

\ 

1989 

$ 2.039 
$1 8.1 89 

$20.228 

1990 

$ 4.333 
$10,799 

$15.132 

$ 5.096/MONTH 

Changes in Energy Costs - AugJSept. 

1989 1990 

NATURAL GAS 
BOILER 
CHILLER 

ELECTRICITY 
CHILLER 

TOTAL 

SAVINGS 

$ 1,167 
-0- 

$ 7,228 

$ 8,395 

-0- 
$ 3.828 

-0- 

$ 3.828 

$ 4,567/MONTH 
(54%) 

FOR FURTHER INFORMATION CONTACT: 

City Gas Company of Florida . TECOGEN INC. 
&,I M a  com,,an,, A subsidiary 01 Therrno Eleclron Corporation 

955 East 25’” Street 
Hialeah, Florida 33013-3498 
(305) 691 -8710, ext. 220 

45 First Avenue 
P.O. Box 9046 
Waltham. M A  02254-9046 
(61 7) 622-1 400 
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CITY GAS COMPANY OF FLORIDA 

An Nc/ Company 

M I A M I  V I L A  HOTEL 

The Miami V i l a  Hotel  is a new 118 room h o t e l  loca ted  i n  South M i a m i ,  
F lor ida .  This  fou r  s t o r y  Mediterranean-style h o t e l  w a s  o r i g i n a l l y  designed 
with ind iv idua l  room A/C u n i t s .  When t h e  owners asked t h e  des ign  engineer  f o r  
a more energy e f f i c i e n t  bu i ld ing  design with lower ope ra t ing  c o s t s ,  a n a t u r a l  
gas engine c h i l l e r  was suggested.  .Ci ty  Gas Company prepared an energy and 
cos t  a n a l y s i s  f o r  t h e  owners comparing t h e  opera t ing  and c a p i t a l  c o s t s  f o r  
the  ind iv idua l  e l e c t r i c  room A/C u n i t s  versus  a c e n t r a l  g a s  engine c h i l l e r  system. 
With  hot  water recovery from t h e  engine t o  supply t h e  hot  water f o r  t h e  
ki tchen,  laundry,  swimming pool and domest ic  u s e s  t h e  gas engine c h i l l e r  
was the  easy choice.  
150 ton Tecochi l l  gas engine c h i l l e r  and engineering a s s i s t a n c e  dur ing  design 
and i n s t a l l a t i o n .  

Ci ty  Gas Company provided an equipment rebate f o r  t h e  

\ 

This  Tecoch i l l  150 tonsuni t  has operated s i n c e  Nomember, 1991 
providing a l l  of t h e  c h i l l e d  water  and most of t h e  hot  water  f o r  t h i s  new h o t e l .  
The owners of t h e  h o t e l ,  who a r e  p i c tu red  i n  t h e  enclosed p i c t u r e  of t h e  Tecochi l l  
u n i t ,  a r e  very pleased wi th  i t s  opera t ion  inc luding  i t s  energy e f f i c i e n c y  
(46% savings versus  e l e c t r i c  A / C  u n i t s )  and i t s  high r e l i a b i l i t y  (98.9% 
a v a i l a b i l i t y ) .  

The owners of t h e  Miami Vi l a  Hotel  had an a d d i t i o n a l  b e n e f i t  of 
owning a gas engine c h i l l e r  t h a t  w a s  demonstrated a s  a r e s u l t  of Hurricane 
Andrew t h a t  h i t  M i a m i  i n  August 1992. 
e lec t r ic  power f o r  more than a week. 
including t h e  g a s  A/C  system were a b l e  t o  ope ra t e  w i t h  t h e  he lp  of a r e n t a l  
standby genera tor .  
damaged or destroyed.  
d i s a s t e r s  i n  M i a m i .  
gas cool ing.  

During Hurricane Andrew t h e  h o t e l  l o s t  
However a l l  of t h e  h o t e l ' s  f a c i l i t i e s ,  

The h o t e l  quickly f i l l e d  with gues t s  whose homes had been 
This  Tecoch i l l  u n i t  was a hero during one of t h e  worst 

F a c i l i t i e s  now can a p p r e c i a t e  t h e  added va lue  of having 
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over t h e  27% e f f i c i e n c y  f o r  t h e  e l e c t r i c  system but  s i n c e  t h e  engine is loca ted  a t  
t h e  u s e r s  s i t e  t h e  waste hea t  from t h e  engine and exhaust can be recovered and used. 
T h i s  waste heat  accounts f o r  50% of t h e  input  f u e l .  
power output  wi th  t h e  50% recovery a s  hot  water, t h e  t o t a l  system e f f i c i e n c y  f o r  
t h i s  t y p i c a l  gas engine c h i l l e r  system is 78%. This  is a s i g n i f i c a n t  improvement 
from t h e  27% t o t a l  system e f f i c i e n c y  f o r  t h e  e l e c t r i c  c h i l l e r  system. T h i s  
s i g n i f i c a n t  improvement i n  t o t a l  system e f f i c i e n c y  can s i g n i f i c a n t l y  reduce 
opera t ing  c o s t s  and reduce emissions t o  t h e  environment wh i l e  reducing t h e  need 
f o r  new power p l a n t s  i n  F lo r ida .  A more d e t a i l e d  eva lua t ion  of t h e  e f f i c i e n c y  of 
gas ve r sus  e l e c t r i c  cool ing systems can be found i n  a r e p o r t  by Timothy K. Cos te l lo  
f o r  t h e  People f o r  Equi tab le  Energy Rates ,  Inc .  (PEER) e n t i t l e d  "A Comparative 
Overview of Gas and E l e c t r i c  Cooling Technologies i n  Connecticut" da ted  September 
1990. 

By combining t h e  28% s h a f t  

Table 2.1 a l s o  compares t h e  cap i t a l  c o s t  f o r  e l e c t r i c  ve r sus  gas  engine 
c h i l l e r s  f o r  the t o t a l  energy system t h a t  i s  requi red  t o  support  each a d d i t i o n a l  ton 
of a i r  condi t ion ing .  
e l e c t r i c  power p l an t  t h a t  c o s t s  $lOOO/KW i t  r e q u i r e s  $700/ton of c a p i t a l  f o r  t h e  
power p l a n t  t h a t  supp l i e s  t h e  new e l e c t r i c  c h i l l e r .  For t h i s  s i m p l i f i e d  a n a l y s i s  
w e  have omitted t h e  c o s t  of t h e  e l e c t r i c  t ransmiss ion  and d i s t r i b u t i o n  system 
which is a l s o  requi red  f o r  t h i s  new load. 
$300/ton f o r  t h e  equipment c o s t  of a new 150 ton  e l e c t r i c  c h i l l e r .  
t o t a l  c a p i t a l  c o s t  f o r  t h e  e l e c t r i c  system i s  $1000/ton. 
no a d d i t i o n a l  product ion f a c i l i t i e s  a r e  requi red  and t h e r e f o r e  no a d d i t i o n a l  
c a p i t a l  expense is requi red  by t h e  gas u t i l i t y .  However t h e  n a t u r a l  gas  engine 
c h i l l e r  a t  $450/ton i s  about 50% more expensive f o r  t h e  end u s e r .  
c h i l l e r  cos t  i s  due t o  a more complicated p i ece  of  equipment and low product ion 
volumes. This  i n d i c a t e s  t h e  need f o r  equipment r e b a t e s  t o  o f f s e t  t h e  h igher  f i r s t  
c o s t  t o  t h e  end u s e r .  
f o r e  t o t a l  c a p i t a l  can be conserved by us ing  t h e  gas  engine c h i l l e r s  and avoiding 
t h e  need t o  cons t ruc t  c o s t l y ,  new e l e c t r i c  genera t ing  p l a n t s .  

For a new e l e c t r i c  c h i l l e r  t h a t  r e q u i r e s  0.7 KW/ton and a new 

\ 

The end u s e r  w i l l  t y p i c a l l y  pay about 

For t h e  n a t u r a l  gas  system 
Therefore  t h e  

This h igher  

The t o t a l  c a p i t a l  c o s t  f o r  t h e  gas  system i s  $450/ ton.  There- 

TaB&'e 9-1 a l s o  compares the energy c o s t s  f o r  t h e  end user f o r  t h e  product ion 
of c h i l l e d  water only.  
by d i sp lac ing  t h e  hot  water t h a t  i s  requi red  a t  t h e  u s e r ' s  s i te .  Using t y p i c a l  
commercial e l e c t r i c  and gas  rates i n  F lo r ida  and t h e  energy r equ i r ed  pe r  t on  of 
A/C  f o r  both e l e c t r i c  and gas  c h i l l e r s  t h e  energy c o s t s  were c a l c u l a t e d .  The t y p i c a l  
150 ton e l e c t r i c  c h i l l e r ' s  energy cos t  is $0.052/ ton-hr  ve r sus  $0 .032/ ton-hr .  f o r  
t h e  t y p i c a l  150 ton gas  engine c h i l l e r .  This  demonstrates t h e  s i g n i f i c a n t  energy 
c o s t  savings p o t e n t i a l  f o r  t h e  end use r .  T h i s  s i m p l i f i e d  comparison does not  
inc lude  t h e  added maintenance c o s t  f o r  t h e  gas  engine c h i l l e r  or t h e  added hot  
water  savings f o r  t h e  gas engine c h i l l e r  which w i l l  be  included i n  t h e  nex t  
opera t ing  cos t  comparison. 

This  s impl i f i ed  a n a l y s i s  does n o t  i nc lude  t h e  c o s t  savings 

Table 2 . 2  p re sen t s  the "Annual Operation Cost Savings" f o r  a 160 ton n a t u r a l  
g a s  engine c h i l l e r  versus  160 ton e l e c t r i c  c h i l l e r s  i n  South F l o r i d a .  Operating 
c o s t s  are dependent upon a number of v a r i a b l e s  depending upon t h e  s p e c i f i c  app l i ca t ion .  
Therefore  Table 2.2was compiled t o  eva lua te  a wide range of p o s s i b l e  a p p l i c a t i o n s .  
The c a l c u l a t i o n  methods used a r e  shown i n  Table  2.2A.The top l i n e  of T a b l e u s h o w s  
t h e  e f f i c i e n c i e s  of t h r e e  p o s s i b l e  e l e c t r i c  c h i l l e r s  a t  1.25 KW/ton, 1.0 KW/ton 
and 0.65 KW/ton. 
c h i l l e r s  a t  1.25 KW/ton, t y p i c a l  e x i s t i n g  c h i l l e r s  a t  1 .0  KW/ton and new high 
e f f i c i e n c y  c h i l l e r s  a t  0.65 KW/ton. P l ease  no te  t h a t  t h e s e  va lues  a r e  t h e  
in t eg ra t ed  p a r t  load va lues  (IPLV). The second l i n e  of Table  22shows t h e  equivalent  
f u l l  load hours of opera t ion  (EFLH) a t  6000 hours per  year  and 3000 hours  per  yea r .  
The 6000 EFLH rep resen t s  8500 a c t u a l  opera t ing  hours pe r  year  or a 70% load f a c t o r  
which i s  t y p i c a l  of h o s p i t a l s ,  h o t e l s  o r  nulsinghomes i n  South F l o r i d a .  The 3000 

These va r ious  va lues  were s e l e c t e d  t o  r ep resen t  o l d e r  i n e f f i c i e n t  

2 - 2  
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TABLE 2.1 - TOTAL ENERGY SUPPLY SYSTEM 

ISTRIBUTION STEAM 35% ELECTRIC 3 3 %  ' 
SYSTEMS GENERATO BOILER 100% 

ELECTRIC CHILLER SYSTEM 

* 

ELECTRIC 

MOTOR 

2 f Z  3ox - 

EFFICIENCY 03% 42% 94% 90% 90% 
h . p .  steam 

-I' 

I 

CONDENSER 

POWER PLANT 
5 

ELECTRIC CHILLER 

~ $ 700 I ton + $ 300 I ton = $ 1000 1 ton CAPITAL COST ' - - 

ENERGY COST = $ 0.075 I kwh . X 0 . 7  kw 1 ton = $ 0 . 0 5 2  1 ton-hr 

NATURAL GAS ENGINE CHILLER SYSTEM 

EFFICIENCY 20% 

100% 100% 

78% 
EFFICIENCY 

GAS CHILLER 

CAPITAL COST = + .  $ ' 4 5 0  1 ton = $ 450 1 ton 

NATURAL GAS 

0 

$ 4 . 5 0  1 MMBtu 7060 B t u  .I ton hr , = $0.032 I ton.hr X 



TABLE 2 . 2  

SOUTH FLORIDA 

1 

ELECTRIC CHILLER EFF. 1.25 WITON 1.0 WITON 

FULL LOAD - HOURS/YR 6000. 3000 6000 3000- 

SAVIRGS. - $/YR 
A/C + HOT WATER $ 58,606 $ 36,503 $ 43,606 . $  27,$03 

A/C ONLY $ 33,406 $ 23,903 $ 18,406 $ 14,903 

ANNUAL OPERATING COST SAVINGS 
160 TON CHILLERS 

0.65 KW/TON 

6000 3000 

$ '  22,606 $ 14,903 

. ' ( $ .  2,594) $, 2,303 

NATURAL GAS ENGINE CHILLER VS. ELECTRIC CHILLERS 

.BASIS: Natural Gas Cost 

Electr'ic 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) (HRIYR) 
6000 . 8500 
3000 5500 

= $0.45/therm 

= $O.O5/KhW'+ $6.25/KW 

= 1.70 C.O.P. IPLV 
= $O.Ol/ton.hr. 

E 3 KW 

= 55% 

= 70.6% 

= 54.x 



e 

EFLH r ep resen t s  5500 a c t u a l  ope ra t ing  hours pe r  year  or a 54% load f a c t o r  which i s  
t y p i c a l  of an o f f i c e  bu i ld ing  i n  South F lo r ida .  The t h i r d  l i n e  of Table22shows t h e  
annual opera t ing  c o s t  savings f o r  each of t h e s e  a p p l i c a t i o n s  i f  a l l  of t h e  hot  water 
can be used. The f o u r t h  l i n e  of Table22shows t h e  annual  ope ra t ing  c o s t  savings i f  
none of t h e  hot  water can be used a t  t h e  site. Please n o t e  t h a t  t h e  b a s i s  used 
f o r  t hese  sav ings  c a l c u l a t i o n s  include:  t y p i c a l  commercial gas  and e l e c t r i c  r a t e s  
i n  South F l o r i d a ;  a gas  engine c h i l l e r  e f f i c i e n c y  f o r  a Tecoch i l l  160 ton  u n i t  of 
1.70 C.O.P. (IPLV a t  ARI cond i t ions ) ;  an a d d i t i o n a l  maintenance and engine replace-  
ment c o s t  of $O.Ol/ton*hr;  an a u x i l i a r y  electric consumption f o r  t h e  gas c h i l l e r  of 
3 KW; and an e x i s t i n g  hot  water  b o i l e r  e f f i c i e n c y  of 75%. These inpu t  va lues  a r e  
needed t o  account f o r  t h e  added maintenance c o s t s  of a gas  engine c h i l l e r ,  t h e  
a u x i l i a r y  e l e c t r i c  requi red  f o r  a g a s  engine c h i l l e r  and t h e  hot  water sav ings  t h a t  
can poss ib ly  be  used a t  t h e  s i te .  

Table2gshows t h a t  f o r  most of t h e  a p p l i c a t i o n s  t h e r e  i s  a s i g n i f i c a n t  
opera t ing  c o s t  sav ings  f o r  t h e  gas  engine c h i l l e r  ve r sus  t h e  e l e c t r i c  c h i l l e r s .  
Obviously t h e  most dramatic  savings occur when you a r e  r ep lac ing  o l d  i n e f f i c i e n t  
e l e c t r i c  equipment. 
is used i n  p l ace  of a new high e f f i c i e n c y  e l e c t r i c  c h i l l e r  t h e r e  is s i g n i f i c a n t  
savings i f  t h e r e  is a use  f o r  t h e  hot  water .  
e f f o r t  t o  a p p l i c a t i o n s  l i k e  h o t e l s ;  nursing homes, h o s p i t a l s ,  manufacturing p l a n t s  
and bu i ld ings  r equ i r ing  r ehea t  f o r  humidity con t ro l .  The a p p l i c a t i o n s  tha t  do not  
have s i g n i f i c a n t  opera t ing  c o s t  sav ings  are where t h e r e  a r e  no uses  f o r  the hot  
water ,  such a s  o f f i c e  bu i ld ings .  

However, Table  2.2also shows t h a t  even i f  a g a s  engine c h i l l e r  

Therefore  we have t a r g e t e d  our  marekting 

This  opera t ing  c o s t  savings a n a l y s i s  i n d i c a t e s  t h a t  t h e r e  are c e r t a i n  
app l i ca t ions  t h a t  a r e  appropr i a t e  for gas engine c h i l l e r s  and c e r t a i n  a p p l i c a t i o n s  
t h a t  a r e  a p p r o p r i a t e  f o r  new high e f f i c i e n c y  e l e c t r i c  c h i l l e r s .  
gas  u t i l i t i e s '  r e b a t e  programs should be coordinated so  t h a t  t h e  e l e c t r i c  u t i l i t i e s  
focus on a p p l i c a t i o n s  t h a t  do n o t  have a l a rge  hot  water demand and t h e  gas  
u t i l i t i e s  should focus  on a p p l i c a t i o n s  t h a t  can make u s e  of t h e  h o t  water. Since 
t h e  e l e c t r i c  u t i l i t i e s  w i l l  b e n e f i t  from t h e  reduced demand t o  b u i l d  new e l e c t r i c  
generat ing capac i ty  from both  t h e  use  of new high e f f i c i e n c y  e l e c t r i c  c h i l l e r s  and 
new gas engine c h i l l e r s  then it i s  l o g i c a l  t h a t  t h e  e l e c t r i c  u t i l i t i e s  should o f f e r  
r eba te s  f o r  bo th  types  of c h i l l e r s . T a b l e  2.2A shows t h e  c a l c u l a t i o n s  t h a t  were used t o  
determine t h e  annual  opera t ing  c o s t s  f o r  e l e c t r i c  and gas  engine c h i l l e r s .  

F lo r ida  Power & Light  (FPL) of t h e i r  p re sen t  e l e c t r i c  c h i l l e r  r e b a t e  program f o r  a 
t y p i c a l  a p p l i c a t i o n  a t  Dadeland Towers. 
replaced w i t h  a new high e f f i c i e n c y  e l e c t r i c  c h i l l e r  a t  0.68 KWIton. 
app l i ca t ion  w i l l  reduce e l e c t r i c  demand by 100 KW a t  a c o s t  t o  FPL of $10,555 f o r  
t h e  r e b a t e  and l o s t  revenue of $25,00O/yr. 
f o r  t h e  r e b a t e  and t h e  l o s t  revenue. 
of reducing demand by 100 KW c o s t  $105/KW f o r  t h e  r e b a t e  and $250/yr/KW f o r  t h e  l o s t  
revenue. 

The e l e c t r i c  and 

Table  2:3entitled " E l e c t r i c  C h i l l e r  Rebate Program" shows t h e  impact on 

An o l d  e l e c t r i c  c h i l l e r  a t  1.20 KW/ton was 
T h i s  

For comparison a c o s t l b e n e f i t  i s  computed 
For t h i s  a p p l i c a t i o n  t h e  b e n e f i t  t o  FPL 

Table  2 .4en t i t l ed  "Proposed Gas C h i l l e r  Program" shows t h e  impact on FPL 
of a gas engine c h i l l e r  i n s t a l l a t i o n  f o r  t h i s  same a p p l i c a t i o n  wi th  no r e b a t e  
o f f e red  by FPL. 
(0.02 KW/ton) t h e  demand reduct ion  i s  s i g n i f i c a n t l y  increased  t o  240 KW of demand or 
2.4 t imes t h e  demand reduct ion  f o r  t h e  new high e f f i c i e n c y  e l e c t r i c  c h i l l e r .  
l o s t  revenue f o r  FPL would be  $56,73O/yr and it w a s  assumed f o r  t h i s  a n a l y s i s  t h a t  
no r eba te  w a s  a v a i l a b l e  from FPL. Therefore  t h e  b e n e f i t  of t h i s  240 KW demand 
reduct ion t o  FPL w a s  $O/KW of r e b a t e  and $236/yr/Kw. 
f o r  FPL t o  o b t a i n  demand reduct ions  wi th  gas  engine c h i l l e r  i n s t a l l a t i o n s  than t h e i r  
p resent  e l e c t r i c  c h i l l e r  r e b a t e  program. 
t h e  FPL r e b a t e  program FPL could o f f e r  a r e b a t e  of $25,332 or 2.4 t imes t h e  e l e c t r i c  

S ince  t h e  gas engine c h i l l e r  r e q u i r e s  very  l i t t l e  e l e c t r i c i t y  

The 

Therefore  it  i s  l e s s  c o s t l y  

To o b t a i n  t h e  same c o s t l b e n e f i t  r a t i o  a s  

2 - 3  



TABLE 2 . 2 A  - SAMPLE CALCULATIONS 

ANNUAL OPERATING COSTS - TECOCHILL VS. ELECTRIC CHILLER 

-TECOCHILL CALCULATIONS- 
( &&a EfLH vl/He4f f?-pocsu&~ 

E q .  F u l l  L o a d  
A/C C a p a c i t y  G a s  R a t e  H o u r s  p e r  Y r . ,  C.O.P. 

1 2 t o o o  B T U ~  x /60 T o n s  x $ 54.50 BTUf X H r  . T o n  GAS COST : 

Run Hrs 
$/KWH Y r  ELEC. COST: KW Load 

T e c o c h i l l  
3.0 KW X (KWH 

+ 

Hours + : $ 0.01 / T o n . H r .  X 160 Tons X &&Jo,- 
REP.LACEMENT 

1.7 = 

6000 v* 
Demand 

$/KW .Mo Mont hs/Y r 

Mo KW 

HOT WATER : 
SAVINGS 

MMBTUIHR Gas R a t e  EFLH Boiler E f  f 

0.7 X lo6  - BTU H r  
$ 10' < # S O  BTU x 6000 E/ 75 SI 

TECOCHILL ANNUAL OPERATING COST = 16) 394 I Y R .  

-ELECTRIC CHILLER CALCULATIONS- 

( 6-9 EFIA j 1.0 Ka/b4  ) 
F u l l  Load 

IPLV KW/Ton 
C a p a c i t y X  $/Mo.KW X Mo X 9 C a p a c i t y  $/KWH EFLH KW/Ton 

1.0 KW 
ELEC. COST: ( /LO T o n s  X KWH x b o o ~ x  T o n  ) + ( 160 T o n s  X MO s''25 . KW X 12 Mo. X - T o n  ) = bqOao/y&. 

ELECTRIC - - TECOCHILL - 

# 
# 60,000/& - / b , 3 Y Y / Y R  

-SAVINGS- 

ANNUAL SAVINGS 

43,606 / Y R .  
# 
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F P L  COST B E N E F I T  ANALYSIS  FOR F P L  C H I L L E R  REBATE PROGRAM 
ELEC4 c &$2 CUSTOMER SAVINGS 

KWHryRs 
KW/TON 

OLD ELECd C H I L L E R  1'. 20 961,536 B 57,692/;~; -- 
NEW ELECs C H I L L E R  O' ,  68 544,871 $ 32J'692/YR. $ 2 5 , 0 0 0 / ~ ~ .  

1. 200 tons  @ 4006 EFLH; 2 .  ' $ '  O.Ubj?KWH 

. . . . . .  . . . . . . . . . . . . . . . . . . .  
REBATE LOST REVENUE 

FPL COSTS: $10,555 + . . .  8 25;'000/uk'; 
F P L  B E N E F I T :  

FPL COST/BENEFIT: 8105 /~w + $2 50/v R / KW 
100 KW OF DEMAND REDUCTION 



TABLE 2.4 - PROPOSED GAS CHILLER PROGRAM 
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Dadeland Towers 
1991 Load Profile - 93w Building 

240 KW 
REDUCTION i 

Ncw Chiller - - - -  Old Chillers - - Gas Chiller 

FPL COST BENEFIT ANALYSIS FOR GAS CHILLER PROGRAM 

OLD ELEC, CHILLER 
NEW ELEC, CHILLER 
NEW GAS CHILLER 

FPL COSTS: 
FPL BENEFIT: 
FPL COST/BENEFIT 

KW/TON 
1,20 
0,68 
0,02 

KWH/YR ELEC, COST CUTOMER SAVINGS 
961,536 57,692 
544,871 32,692 $ 25,ooo/YR~ 

-- 

16,026 962 ' % 56,73O/v~# 

REBATE LOST REVENUE 
$ 0  + $ 56,730/YRa 

240 KW OF DEMAND REDUCTION 
$ O/KW + %236/'fR/ KW 



TABLE 2 . 5  - UTILITY CHILLER REBATE PROGRAMS 

CONCLUS IONS 
1, GAS ENGINE CHILLER REPLACEMENTS COST.FPL LESS THAN ELECTRIC CHILLER 

REPLACEMENTS FOR THE SAME AMOUNT OF KW REDUCTION 

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

3 ,  THE COST OF THE FPL ELECTRIC CHILLER.REBATE CAN BE ELLMINATED BY 
USING THE EXISTING REBATES OFFERED BY THE GAS UTILITIES 

4 .  APPLICATIONS THAT CAN MAKE USE OF THE WASTE-HEAT FROM THE GAS ENGINE 
CHILLERS ARE SIGNIFICANTLY MORE ENERGY EFFICIENT AND OFFER GREATER 

Q COST SAVINGS FOR THE BUILDING OWNERS 

5 ,  FPL SHOULD CONSIDER WORKING WITH THE GAS UTILITIES TO OFFER THE 

REQUIREMENTS OF DIFFERENT BUILDINGS 
APPROPRIATE CHILLER OPTION (GAS OR ELECTRIC) FOR THE ENERGY 

6 ,  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 dlslrlbuled 
generation Is cost-effective depends 
largely on the site at whlch It Is applied. 
This graph shows the results of a coat- 
effectiveness study EPRl researchers 
conducted for the use of a current- 
technology natural-gas-fired engine at 
an Investor-owned utlllly slte ldenllfled 
as offering high value for DO. The ChaR 
illustrates how the local bnneflts from 
DG (such as the defenal of T&D up- 
grades, reduced emiaslons. fuel dlver- 
slly, and customer use of waste heat) 
can slgnlflcantly reduce the higher 
lnitlal cost of a DO technology. EPRl 
performed an analysis for the same site 

using fuel cell technology expecled to 

be avallable In the year 2000 and found 

sIrn11ar results. 
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c h i l l e r  r eba te  f o r  t h e  gas engine c h i l l e r .  
t h i s  eva lua t ion  of r eba te s  f o r  electric and gas  engine c h i l l e r s .  

Table25  summarizes t h e  r e s u l t s  of 

By working toge the r  the e l e c t r i c  and gas  u t i l i t i e s  should be a b l e  t o  
modify t h e i r  r e b a t e  programs t o  enable  t h e  most c o s t  e f f i c i e n t  e l e c t r i c  demand 
reduct ion  programs whi le  i nc reas ing  t h e  u t i l i z a t i o n  e f f i c i e n c y  of t h e  e x i s t i n g  
n a t u r a l  gas  d i s t r i b u t i o n  system. 
equipment is occuring i n  New York where t h e  Con Edison r e b a t e  of up t o  $500/ton i s  
combined wi th  t h e  Brooklyn Union Gas r e b a t e  of up t o  $250/ton. 

The most dramatic  i n c r e a s e  i n  gas  cool ing  

Table22 shows t h a t  t h e  b e s t  economics f o r  end u s e r s  i n  F l o r i d a  e x i s t  
when gas  engine c h i l l e r s  a r e  used f o r  a p p l i c a t i o n s  where t h e  waste  heat can be 
u t i l i z e d  and when high e f f i c i e n c y  e l e c t r i c  c h i l l e r s  are used f o r  a p p l i c a t i o n s  
where t h e  waste hea t  can not  be used. Gas and e l e c t r i c  u t i l i t i e s  should t a r g e t  
t h e i r  marketing f o r  t hese  a p p l i c a t i o n s  and r e f e r  l e a d s  t o  each o t h e r  based upon t h e  
app l i ca t ion .  
u t i l i t y ,  r e b a t e s  should b e  a v a i l a b l e  from t h e  electric u t i l i t i e s .  
t h e  r e b a t e s  from t h e  e l e c t r i c  and g a s  u t i l i t i e s  can t h e  end use r  by given a 
s u f f i c i e n t  i ncen t ive  t o  overcbme t h e  h igher  f i r s t  c o s t  of t h e  gas  engine c h i l l e r .  
Competing r eba te s  f o r  e l e c t r i c  c h i l l e r s  and f o r  gas  engine c h i l l e r s  a r e  counter  
product ive and confuse t h e  end u s e r s .  
electric u t i l i t i e s  should work toge the r  t o  i d e n t i f y  t h e  proper  a p p l i c a t i o n s .  

Since t h e  gas engine c h i l l e r  provides  demand r educ t ions  f o r  t h e  e l e c t r i c  
Only by combining 

There i s  a p l ace  f o r  both r e b a t e s  and gas and 

Table 2 . 1  compares t h e  c a p i t a l  and ope ra t ing  c o s t s  f o r  electric ve r sus  gas 
engine c h i l l e r s .  
of t h e  reduced e l e c t r i c  t ransmiss ion  and d i s t r i b u t i o n  (T&D) system that  i s  poss ib l e  
wi th  the gas engine system. 
Journal ,  April/May 1993, cover s t o r y  e n t i t l e d  "The Vis ion  of D i s t r i b u t e d  Generation" 
evaluated t h e  c o s t  savings a s soc ia t ed  wi th  the d e f e r r a l  of T&D up-grades, reduced 
emissions,  f u e l  d i v e r s i t y  and customer u s e  of waste h e a t  f o r  a n a t u r a l  gas- f i red  
engine genera tor .  
from d i s t r i b u t e d  genera t ion  (DG) can reduce t h e  h igh  i n i t i a l  c o s t  of DG t o  produce 
a c o s t  f o r  power t h a t  i s  less than  a c e n t r a l  s t a t i o n ,  advanced combined cyc le  p l a n t .  
Therefore  any d e t a i l e d  comparison of n a t u r a l  gas  a l t e r n a t i v e s  t o  new e l e c t r i c  p l a n t s  
should inc lude  t h e  b e n e f i t s  of avoided power p l a n t  c o s t s ,  reduced e l e c t r i c  T&D 
c o s t s ,  reduced emissions,  f u e l  and equipment d i v e r s i t y  and use  of w a s t e  hea t  f o r  
improved energy e f f i c i ency .  

For t h i s  s i m p l i f i e d  a n a l y s i s  w e  have omit ted the c o s t  b e n e f i t s  

A r ecen t  E l e c t r i c  Power Research I n s t i t u t e  (EPRI) 

Table  2.6 from t h i s  EPRI s tudy  shows how t h e  a d d i t i o n a l  b e n e f i t s  

2 - 4  
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3.0 CARRIER/TECOGEN - 25 TON ROOFTOP A/C SYSTEM 

Severa l  major W A C  manufacturers ,  inc luding  Carrier, York and Thermo King, 
a r e  now marketing g a s  engine dr iven  A/C equipment. These engine d r iven  A/C systems 
employ t h e  same cool ing process  a s  a convent ional  e l e c t r i c  A / C  system. 
d i f f e rence  is t h a t  t h e  e l e c t r i c  motor i s  replaced by an engine.  Th i s  swi tch  y i e l d s  
variable-speed opera t ion  c a p a b i l i t y ,  h igher  par t - load e f f i c i e n c y ,  e f f i c i e n t  high- 
temperature waste-heat recovery f o r  domestic water hea t ing  and,in t h e  proper  appl ica-  
t i o n s ,  reduced opera t ing  cos t .  Within t h e  gas engine-driven systems t h e  gas  engine 
c h i l l e r s  descr ibed i n  Sec t ion  2.0 r ep resen t  t h e  l a r g e s t  tonnage equipment whi le  
t h e  gas  engine heat  pumps, descr ibed i n  Sec t ion  6.0, r ep resen t  t h e  sma l l e s t  tonnage 
equipment. I n  t h e  mid-size range of gas  engine systems a r e  t h e  roof top  package 
A/C systems and t h e  s p l i t  A / C  systems incorpora t ing  s e p e r a t e  condensing and evap- 
o ra t ing  s e c t i o n s .  
including: Carrier/Tecogen 

The main 

Within t h i g  mid-size range t h e r e  are v a r i o u s  manufacturers  

Thermo King 
Yamaha 
Aisin 
Yanmar 

C i ty  Gas Company does not  p r e s e n t l y  have any Carrier/Tecogen-25 ton rooftop 
A / C  u n i t s  i n  our s e r v i c e  t e r r i t o r y .  Our prel iminary a n a l y s i s  i n d i c a t e s  t h a t  
these  systems a r e  s i m i l a r  t o  those  a l r eady  presented f o r  t h e  larger and smal le r  gas 
engine A / C  systems i n  Sec t ions  2.0 and 6.0. 
energy e f f i c i e n c y  and h ighes t  opera t ing  c o s t  savings a r e  those  t h a t  employ engine 
heat  recovery t o  produce hot  water savings.  Therefore  a p p l i c a t i o n s  l i k e  r e s t a u r a n t s  
and motels should b e  appropr i a t e  u s e s  for t h e s e  mid-size engine A/C systems. 
Another p o t e n t i a l  app l i ca t ion  is t o  use  t h e  hea t  t h a t  is recovered from t h e  engine 
t o  d r i v e  a des iccant  dehumidif ier .  
t o  F l o r i d a ' s  ho t  and humid c l imate .  

Those a p p l i c a t i o n s  t h a t  have t h e  h ighes t  

This  should b e  an e x c e l l e n t  a p p l i c a t i o n  due 

3.1 
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4 . 0  HERRMIDIFIER - RESIDENTIAL DESICCANT DEHUMIDIFIER 

The Gas Research I n s t i t u t e  (GRI) is p resen t ly  funding t h e  development 
of a n a t u r a l  gas  r e s i d e n t i a l  dehumidifier t h a t  w a s  developed by Arthur D.  L i t t l e ,  
Inc.  and manufactured by Herrmidi f ie r  Company. T h e  f i r s t  p ro to type  u n i t  i s  being 
f i e l d  t e s t e d  a t  C i ty  Gas Company's Test  House i n  Miami, F l o r i d a .  
c o n s i s t s  of a s m a l l  des iccant  dehumidif ier  package t h a t  u s e s  a gas  water h e a t e r  a s  
i t s  source of thermal energy f o r  regenera t ion  of t h e  des i ccan t .  

The system 

The o b j e c t i v e s  of t h e  f i e l d  test are: 
obta in  performance v e r i f i c a t i o n  of t h e  des i ccan t  dehumidif ier ;  

w determine t h e  i n t e r a c t i o n s  of t h e  des i ccan t  dehumidif ier  w i th  t h e  e x i s t i n g  elec-  

b- determine the e f f e c t s  of t h e  des iccant  dehumidif ier  on t h e  energy consumption 

b- asses s  t h e  e f f e c t  of t h e  des iccant  dehumidif ier  on indoor a i r  q u a l i t y  and 

t r i c -d r iven  a i r  condi t ion ing  system; 

and ope ra t iona l  c h a r a c t e r i s t i c s  of t h e  gas - f i r ed  water  h e a t e r ;  

occupant comfort. 

During t h e  cool ing season, t h e  a i r  condi t ion ing  system i n  a r e s i d e n t i a l  
\ 

bui ld ing  performs two  func t ions :  temperature c o n t r o l  ( s e n s i b l e  cool ing)  and humidity 
con t ro l  ( l a t e n t  cool ing or moisture  removal). Sens ib l e  cool ing is needed t o  compen- 
s a t e  f o r  t h e  hea t  produced i n  t h e  space and t r ansmi t t ed  through t h e  bu i ld ing  envelope 
and t o  cool  t h e  i n f i l t r a t i o n  a i r .  Laten t  cool ing is requ i r ed  t o  dehumidify t h e  
i n f i l t r a t i o n  a i r  and absorb t h e  humidity produced i n  t h e  space.  The s e n s i b l e  and 
l a t e n t  loads  toge ther  compromise t h e  t o t a l  cool ing  load on t h e  space condi t ion ing  
system. 

Elec t r ic -dr iven  vapor compression r e f r i g e r a t i o n  (VCR) c u r r e n t l y  dominates 
t h e  r e s i d e n t i a l  space condi t ion ing  market. 
i n  t h e  r e s i d e n t i a l  s e c t o r ,  t h e r e  are two b a s i c  shortcomings.  VCR systems achieve 
space humidity c o n t r o l  by cool ing t h e  supply a i r  up t o  t h e  po in t  of s a t u r a t i o n .  
Under p a r t  load condi t ions  (morning and evening hours,  r a i n y  or cloudy weather,  e t c . )  
t h a t  l a t e n t  load may be higher  than t h e  s e n s i b l e  one. R e s i d e n t i a l  VCR systems a r e  
con t ro l l ed  only i n  response t o  space temperature.  
a c t i v a t e  t h e  VCR u n i t  and r e s u l t s  i n  d iscomfor t . for  t h e  occupants.  

Although t h e s e  systems a r e  w e l l  entrenched 

A rise i n  humidity w i l l  no t  

In a r e a s  of t h e  country which experience high humidity cond i t ions  during 
warmer weather when a i r  condi t ion ing  i s  r equ i r ed ,  a s tandard  a i r  cond i t ione r  w i l l  
not  meet t h e  l a t e n t  load i f  s p e c i a l  cons idera t ions  a r e  n o t  given. The capac i ty  of 
t h e  u n i t  should match t h e  c a l c u l a t e d  load a s  c l o s e l y  a s  poss ib l e .  Unit  s i z i n g  
should be based on l a t e n t  and s e n s i b l e  load c a l c u l a t i o n s .  This  i s ,  however, 
seldom done. The r e s u l t  i s  oversized u n i t s  t h a t  do not  g e t  enough run  t ime f o r  
humidity c o n t r o l  and w i l l  experience a wider swing in space temperature .  In 
app l i ca t ions  where t h e  humidity is high, lower thermostat  s e t t i n g s  a r e  requi red  t o  
remove enough moisture  t o  maintain comfort condi t ions .  Thermostat set p o i n t s  of 
l e s s  than 7 7  enable  VCR systems t o  run long enough t o  maintain f a i r l y  comfortable 
l e v e l s .  
humidity i f  l a t e n t  loads  a r e  high. 

Rais ing t h e  thermostat  s e t t i n g  t o  reduce energy b i l l s  w i l l  r e s u l t  i n  high 

The Herrmidif ier ,water  heater-powe'red des i ccan t  dehumidi f ie r ,  is designed 
t o  supplement t h e  dehumidif icat ion func t ions  of a convent ional  a i r  condi t ion ing  
system. To s impl i fy  i t s  cons t ruc t ion  and lower i t s  f i r s t  c o s t s ,  t h e  regenera t ion  
energy i s  provided by hot water  from t h e  convent ional  gas- f i red  hot  water u n i t .  T h i s  
e l imina tes  t h e  need f o r  a s epa ra t e  burner and a s s o c i a t e d  c o n t r o l s .  

4 .1  



The compact s i z e  of t h e  u n i t  f a c i l i t a t e s  both r e t r o f i t  and new cons t ruc t ion  
app l i ca t ions .  The a i r  drying c a p a b i l i t y  of t h e  hot  water  regenerated des i ccan t  
wheel i s  about 80 p i n t s  p e r  day which is comparable t o  two large (40 p in t s /day )  
stand-alone e l e c t r i c  u n i t s .  This  drying capac i ty ,  combined wi th  t h a t  a v a i l a b l e  
from t h e  a i r  condi t ioning u n i t ,  w i l l  r e s u l t  i n  enhanced comfort cond i t ions  i n  t h e  
home f o r  most of t h e  annual opera t ing  hours i n  a l l  reg ions .  

The important f e a t u r e  of t h i s  u n i t  t h a t  w i l l  f avorably  impact consumer 
acceptance is t h e  minimal maintenance requi red .  
i f i e r ,  which r e q u i r e s  d a i l y  emptying of t h e  condensed mois ture ,  t h e  des i ccan t  
dehumidifier d i scharges  t h e  removed moisture  t o  t h e  o u t s i d e  v i a  a f l e x i b l e  duc t .  
This  added f e a t u r e  g ives  t h i s  new dehumidi f ica t ion  product a c l e a r  advantage over 
dehumidif icat ion systems c u r r e n t l y  o f f e red  i n  t h e  market p l ace .  

Unlike an e l ec t r i c -d r iven  dehumid- 

I n s t a l l a t i o n  of t h i s  system i s  a s  easy a s  t h a t  of a dishwasher.  The a b i l i t y  
t o  remove t h e  moisture  from t h e  home and not  dump it back a s  s e n s i b l e  h e a t ,  a s  i s  
t h e  case  wi th  c u r r e n t  e l ec t r ik -d r iven  dehumidi f ie rs ,  f u r t h e r  d i s t i n g u i s h e s  t h i s  
system from convent ional  a l t e r n a t i v e s .  

The b e n e f i t s  t o  t h e  use r  of t h e  water  heater-powered des i ccan t  dehumidifier 
S p e c i f i c a l l y ,  t h e  

t reduced u t i l i t y  c o s t s  by increas ing  t h e  thermosta t  s e t  po in t  by 3 F t o  5 F.  Each 

range from reduced opera t ing  c o s t s  l o  enhanced comfort cond i t ions .  
owner can expect:  

degree inc rease  of t h e  thermostat  s e t p o i n t  reduces t h e  ope ra t ing  c o s t s  of t h e  
convent ional  e l ec t r i c -d r iven  a i r  cond i t ione r  by 8 t o  10 percent .  

c improved humidity c o n t r o l ;  t h e  water heater-powered des i ccan t  dehumidif ier  i s  
designed t o  be con t ro l l ed  by a humidis ta t .  Thus, i t  w i l l  be a b l e  t o  maintain 
t h e  space humidity a t  acceptab le  l e v e l s  dur ing  cond i t ions  of high humidity or 
p a r t  load.  

Examples of high humidity condi t ions  a r e :  
damp and cool  sp r ing  and f a l l  days,  summer mornings and n i g h t s  
vacancy per iods  when t h e  home owner is away, e s p e c i a l l y  dur ing  prolonged 

pe r iods ,  such as a vaca t ion ,  and t h e  thermosta t  s e t p o i n t  i s  set high t o  
conserve energy. 

4 . 2  
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5.0 "SEAHORSE" - GAS HOT WATER CONVERSION SYSTEM 

The Seahorse Gas Hot Water Conversion System enables  homeowners and 
commercial a p p l i c a t i o n s  t o  convert  t h e i r  e x i s t i n g  e l e c t r i c  water  h e a t e r s  t o  n a t u r a l  
gas or propane. The Seahorse is a completely se l f -conta ined  water  hea t ing  system 
t h a t  is  loca ted  ou t s ide  t h e  bui ld ing .  The e x i s t i n g  e l e c t r i c  water  h e a t e r  is used 
a s  a s to rage  tank f o r  t h e  hot water  produced by t h e  Seahorse u n i t .  
u n i t  i s  normally mounted on t h e  o u t s i d e  w a l l  of t h e  bui ld ing .  T h i s  i s  an advantage 
f o r  those  app l i ca t ions  where it i s  not  poss ib l e  t o  l o c a t e  a convent ional  gas water  
hea te r  i n s i d e  t h e  bui ld ing .  Due t o  space requirement,  l o c a t i o n  of equipment and 
vent ing requirements i t  is not  always poss ib l e  t o  r ep lace  an e l e c t r i c  water hea te r  
with a gas water hea te r .  The Seahorse u n i t  a l s o  e l imina te s  t h e  need f o r  an exhaust 
s t a c k  and e l imina tes  t h e  need f o r  i n t e r i o r  gas  p ip ing .  
bu i ld ings  wi th  any of t hese  requirements t h e  Seahorse system may enable  t h e  conversion 
from e l e c t r i c  t o  gas  hot  water. 

The Seahorse 

Therefore  f o r  e x i s t i n g  

\ The major advantage f o r  t h e  end-user i s  t h e  energy c o s t  sav ings  by 
switching t o  gas hot water.  Table  5.1 shows t h a t  the t y p i c a l  F lo r ida  home uses  
$377/yr with e l e c t r i c  ho t  water vefsus  $151/yr wi th  n a t u r a l  gas  hot  water. This  
r ep resen t s  an annual savings of $226/yr f o r  t h e  homeowner. Table  5 .2  shows t h a t  
t h e  r e s i d e n t i a l  hot water by n a t u r a l  g a s  can save 
water hea t ing .  
one F lo r ida  home wi th  e l e c t r i c  ho t  water or 2.2 F lo r ida  homes wi th  gas  hot  water.  
With l i m i t e d  f u e l  and environmental resources  t h i s  is an e x c e l l e n t  oppor tuni ty  t o  
save energy i n  F lo r ida .  

55% of  t h e  energy versus  e l e c t r i c  
Therefore  wi th  t h e  same amount of energy it is p o s s i b l e  t o  provide 

The Seahorse u n i t  enables  t h e  end-user t o  convert  from e l e c t r i c  t o  gas hot  
water and obta in  t h e  energy savings f o r  those  a p p l i c a t i o n s  where a t y p i c a l  gas  water 
hea te r  can not  be loca ted  i n s i d e  t h e  bui ld ing .  With a low c o s t  supply of hot  water 
i t  i s  a l s o  poss ib l e  t o  convert  t h e  e l e c t r i c  space hea t ing  system t o  n a t u r a l  gas .  
This  i s  done wi th  t h e  a d d i t i o n  of a hot  water c o i l  t o  t h e  e x i s t i n g  home's ductwork. 
T h i s  type  of system is c a l l e d  a "combo heater"  which i s  a combination of  space 
and water hea t ing  systems. 
from a s i n g l e  hot  water tank.  These combo h e a t e r s  can be used with convent ional  
i n s i d e  t h e  bui ld ing  g a s  water  h e a t e r s  or t h e  Seahorse o u t s i d e  u n i t .  
t hese  combo h e a t e r s  i n  F lo r ida  can improve energy e f f i c i e n c y  by reducing t h e  use  
of e l e c t r i c  r e s i s t a n c e  hea t ing  i n  homes. They w i l l  a l s o  reduce t h e  need f o r  new 
genera t ing  capac i ty  t o  s a t i s f y  t h e  win ter  peaks. 

These systems provide both space and hot  water hea t ing  

The use  of 

E l e c t r i c  and gas  u t i l i t i e s  should work toge the r  t o  develop conservat ion 
programs f o r  t h e  use  of gas hot  water and gas  space hea t ing  i n  F lo r ida .  This  w i l l  
save energy c o s t s  f o r  t h e  homeowner and reduce t h e  need f o r  c o s t l y ,  e l e c t r i c  
generat ing p l a n t s .  
conservat ion programs they should sha re  in  t h e  r e b a t e s  o f f e r e d  t o  encourage 
homeowners t o  use  t h e s e  new systems. 

Since t h e  e l e c t r i c  and gas u t i l i t i e s  w i l l  both b e n e f i t  from these  

Ci ty  Gas Company does not  have any Seahorse u n i t s  i n s t a l l e d  i n  our s e r v i c e  
t e r r i t o r y .  Table 5.3 summarizes t h e  r e s u l t s - o f  t e s t i n g  conducted by Pub l i c  Serv ice  
Company of North Carol ina f o r  va r ious  r e s i d e n t i a l  i n s t a l l a t i o n s .  
t h e  est imated i n s t a l l e d  c o s t s  f o r  both hot  water  and combination space lhot  water  
i n s t a l l a t i o n s .  For a d d i t i o n a l  information on t h e  Seahorse p l ease  con tac t  Robert T .  
Watkins, Senior Vice Pres ident  - Marketing, Pub l i c  Serv ice  Company of North Carol ina.  
Another source of  information is t h e  Ci ty  of Ta l lahassee ,  G a s  U t i l i t y  Department, 
who have i n s t a l l e d  s e v e r a l  Seahorse u n i t s  i n  t h e i r  s e r v i c e  t e r r i t o r y .  The manufacf- 
u r e r  of t h e  Seahorse,  Gas-Fired Products ,  Inc . ,  has a video t ape  t h a t  desc r ibes  
the  opera t ion  of t h e  u n i t ,  i t s  savings p o t e n t i a l  and shows va r ious  i n s t a l l a t i o n s .  

Table  5 . 4  shows 

5.1 



TABLE 5.1 

TYPICAL RESIDENTIAL ENERGY USE FOR HOT WATER I N  FLORIDA 

ENERGY USE 

ENERGY COST 

HOT WATER COST 

COST SAVINGS 

ELECTRIC 

4195 KWH/Yr 

$0.09 /KWH 

$377 /Yr 

GAS - 
2 1 6  t h e r m / Y r .  

$0.70 / t h e r m  

$151 /Yr 

$226 / Y r  (60%) 

\ 

TABLE 5 . 2  

ENERGY EFFICIENCY FOR HOT WATER PRODUCTION 

ENERGY USE 

FUEL USE 

ENERGY SAVINGS 

ELECTXIC 

4195 KWH/Yr 

47.7 MMBTUfYr 

GAS - 
216 t h e r m / Y r  

2 1 . 6  MMBTUfYr 

2 6 . 1  MMEiTU/Yr (55%) 



TABLE 5.3 

AGES 

~ 

SEAHORSE WATER HEATER 
R6D I n s t a l l a t i o n  I n f o r m a t i o n  

ELEC GAS TOTAL AVG AVG CYC 
OPER USED USED ENERGY ENERGY PER DAY 
DAYS KWHRS THERNS COST COST 

*Note: Customer Charge o r  LP Tank r e n t a l  n o t  included. 

STREET MDRESS 
h TELEPHONE I LOCATION CUSTONER 

HT. HOLLY 
league 

1991 TYPE/SIZE 
INSTALL AWH OCCUP 

PSC REP DATE CONVERTED ANTS 

Davis  
ASHEVILLE 
NATURAL 

603 Chiva l ry  T Snipes 5/31 
(919) 596-7117 

DURHAM 
NATURAL Snipes 

ELEC/40 GL 3 
LOW-BOY 

DURHAN Kenneth 
NATURAL L a n i e r  

1851 h o n t c l a i r  
(704) 865-6469 

505 Worthington 
(704) 784-4547 

300 Morr is  Farm 
(704) 263-5182 

GASTONIA Robert 
NATURAL lngraham 

CONCORD Jonathan 
NATURAL Smi t h  

E 6/05 ELEC/52 GL 2 
Robinson STAND 

S Bowen 7/02 ELEC/4D GAL 3 
LOW-BOY 

H Whi t t  3/20 ELECf42 GAL 4 
CRAWL SPC 

STANLEY h i k e  
PROPANE Whitt 

HENDERSONVILLE David 
PROPANE Pierson 

110 Jenkins 
(704) 827-3870 COUNT TOP 

I h W h i t t  I 3/28 1 ELEC/30 GL I 2 

26 Nichols  Hill I J Atk ins  1 5/21 I U-gi62 GL 1 2 
(704) 645-5981 

2008 Umstead I N Lasher I 5/30 I ELEC/52 GL I 5 
(919) 383-8264 

701 Scarborough B McAulay 
(919) 833-6641 I 6/13 ELEC/47 GL 

LOW-BOY 
4 

P.O. Box 1051 1 D Rhew I 5/29 I ELEC/42 GL I 2 
(704) 885-8210 BOILER RN 

II 8 9 t  a Ga l lon  Propane Average 
5 9 t  a Therm Natu ra l  Gas Averaae _ _ _  - ~. ._. ~ 

32$ per  Honth Average E l e c t r i c  Consumption (0 8t  a KWH 



TABLE 5 . 4  

ESTIMATED COS T OF T W O  SEAHORSE UNITS INSTALLED IN 1991 

HOT WATER h HEAT (BOTH HEAT PUMP CONVERSIONS) 

'Convertins Electric 
Henring and Hot W a t w  
to G A S  ... 

Labor 3 hours @ $52.00 

Wiring C o s t  @ $65.00 

P e r m i t  L o c a l  @ $15.00 

30,000 BTU C o i l  ( W A C  CONTRACTOR) 
w i t h  Pump and D u c t  Modifications 

Materials - Pip ing ,  etc. 

P u b l i c  Service C o m p a n y  C o s t  ( 2  J o b s )  
A v e r a g e  

A d d e d  C o s t  of Seahorse E s t i m a t e  

To ta l  

$156.00 

65.00 

15.00 

460.00 

56.00 

$ 7 5 2 . 0 0  

$455.00 

h 2 0 7 . 0 0  

WATER HEATING ONLY (ELECTRIC WATER HEATER CONVERSION) 

L a b o r  2 1/2 hours  @ $ 5 2 . 0 0  $ 1 3 0 . 0 0  

Wiring C o s t  @ $ 6 5 . 0 0  6 5 . 0 0  

P e r m i t  Local @ $ 1 5 . 0 0  
'Converting Electric 
Water Heater to GAS. Material h Pip ing  

15.00 

43.00 

Public service company cost ( 7  J o b s )  $253.00 
A v e r a g e  

A d d e d  Cost of Seahorse E s t i m a t e  S455.00 

T o t a l  $ 7 0 8 . 0 0  

5/15/92 
R o b e r t  T. Watkins,  S r .  



DRAFT - FOR YOUR COMMENTS 

6.0 YORK-RESIDENTIAL GAS ENGINE HEAT PUMP 

A n a t u r a l  g a s  engine-driven hea t  pump (GHP) employs t h e  same cool ing  process  

The main d i f f e r e n c e  is t h a t  t h e  e l e c t r i c  motor is replaced by 
a s  a conventional e lectr ic  hea t  pump o r  e lectr ic  air condi t ion ing  which uses  a vapor 
compression cyc le .  
an engine. This  switch y i e l d s  variable-speed opera t ion  c a p a b i l i t y ,  h igher  par t - load 
e f f i c i e n c y ,  e f f i c i e n t  wasteheat recovery f o r  domestic hot  water  and, i n  most appl i -  
ca t ions ,  reduced opera t ing  c o s t s .  A G H P  has t h e  added advantage of making use  of 
the  engine waste hea t  i n  t h e  win ter  t o  provide a d d i t i o n a l  hea t ing  t o  supplement 
the vapor compression cyc le .  

Ci ty  Gas Company i s  very i n t e r e s t e d  i n  new gas cool ing technologies  due 
t o  F l o r i d a ' s  long cool ing season and t h e  need t o  reduce t h e  need f o r  new e l e c t r i c  
power p l a n t s .  The gas  engine hea t  pump has t h e  p o t e n t i a l  t o  o f f e r  g r e a t l y  improved 
gas cool ing e f f i c i e n c y  f o r  r e s i d e n t i a l  and l i g h t  commercial a p p l i c a t i o n s  and drama- 
t i c a l l y  inc rease  gas use i n  F lo r ida  homes. This  technology i s  a l ready  i n  widespread 
u s e  i n  Japan wi th  about 200,Or)o gas engine hea t  pumps i n s t a l l e d  i n  t h e  l a s t  7 yea r s  
by 3 or 4 major manufacturers.  

Ci ty  Gas Company has been ' t e s t ing  t h e  e f f i c i e n c y  and r e l i a b i l i t y  of t h e  
Yamaha Gas Heat Pump i n  two d i f f e r e n t  a p p l i c a t i o n s .  
C i t y  Gas Company Off ice  Building where a 2 . 5  ton Yamaha GHP has been opera t ing  s ince  
October 1990. 
and opera tes  f o r  about 5,000 hours p e r  yea r .  
i n s t a l l e d  i n  a Ci ty  Gas Company t e s t  house i n  June 1991 t o  compare t h e  ope ra t ing  
c o s t s  of t h e  Yamaha GHF' wi th  a conventional e l e c t r i c  A/C  system f o r  a home app l i ca t ion .  
Ci ty  Gas i s  pleased wi th  t h e  r e l i a b i l i t y  and e f f i c i e n c y  of t h e  Yamaha GHP. 

The f i r s t  a p p l i c a t i o n  w a s  a 

This  u n i t  provides  a i r  condi t ion ing  f o r  a c l a s s  room and o f f i c e s  
The second Yamaha 2 . 5  ton GHP w a s  

Enclosed is a marketing brochure f o r  t h e  l i n e  of Yamaha GHPs from 1 .3  tons  
t o  15.8 tons.  The u n i t  t h a t  C i ty  Gas Company is t e s t i n g  is t h e  2 . 4  RT ( 3  HP) u n i t .  

Ci ty  Gas Company has  conducted t e c h n i c a l  and economic eva lua t ions  on t h e  
use of GHPs ve r sus  convent ional  e l e c t r i c  A/C  systems i n  F lo r ida .  
s i t e  v i s i t s  t o  s e v e r a l  Yamaha G K P  i n s t a l l a t i o n s  in  t h e  U.S .  and d i scuss ions  wi th  
o ther  gas and e l e c t r i c  u t i l i t i e s  cha t  have been t e s t i n g  t h e  York GHP.  
eva lua t ions  have determined t h e  opera t ing  c o s t s ,  maintenance c o s t s  and equipment 
r e l i a b i l i t y  f o r  t h e  York and Yamaha G H P s .  

This  included 

These 

A good source of background information f o r  t h e  York G H P  i s  a r ecen t  video 
tape by t h e  Gas Research I n s t i t u t e  (GRI) e n t i t l e d  "York Triathlon-Gas Heating and 
Cooling System". 

Our eva lua t ions  ind ica t ed  t h a t  f o r  a f a i r  comparison of e l e c t r i c  versus  
gas energy systems i t  i s  e s s e n t i a l  to  consider  t h e  t o t a l  energy supply system. 
i s  necessary t o  compare t o t a l  system e f f i c i e n c y ,  t o t a l c a p i t a l  c o s t s  and t o t a l  
energy cos t s .  
cos t  and energy cos t  f o r  a t y p i c a l  r e s i d e n t i a l  e l e c t r i c  A / C  system ve r sus  a York G H P .  
Fo r  t h i s  a n a l y s i s  a 3 ton e l e c t r i c  A/C system wi th  a SEER of 10 ( 1 . 2  KWjton) was used 
f o r  comparison. 

This 

Table  6.1 - T o t a l  Energy Supply System shows t h e  e f f i c i e n c y ,  c a p i t a l  

The e f f i c i e n c y  diagram i n  Table 6 . 1  shows t h a t  during t h e  product ion of 
e l e c t r i c i t y  67% of t h e  energy is wasted. 
cooling tower, pond, r i v e r  or ocean and through the  smoke s t ack .  Because these  power 
p l an t s  a r e  remotely loca ted  t h i s  waste hea t  i s  not  used.  When t h e  l o s s e s  f o r  
e l e c t r i c a l  t ransmission and d i s t r i b u t i o n  a r e  accounted f o r  t h e  end use r  only has 30% 

This  energy i s  l o s t  a s  waste  hea t  t o  t h e  

6- 1 



TABLE.6 .1  - TOTAL ENERGY SUPPLY SYSTEM 

RESIDENTIAL ELECTRIC A/C SYSTEM ( 3  TONS) 

94% 90% EFFICIENCY 83% 4 2 %  
h . p .  s t e a m  
I' 

85% 

AIC 25% ELECTRIC 2 5 x  ISTRIBUTION 

.SYSTEMS MOTOR 

3ox 
TURBINE GENERATO BOILER 

CONDENSER 

POWER PLANT 

- CAPITAL COST - $ 1200 I t o n  -t 

1 .  z kw I ton = ' $  0.1081 t o n - h r  ENERGY COST = $ 0.090 1 kwh ' X 

EFFICIENCY 

Y O N  NATURAL GAS ENGINE HEAT PUMP ( 3  TONS) 

25% 

NATURAL 
GAS 

ENGINE 
C' 

2 5% 100% 100% 

69 % 

EFFICIENCY 

GAS BEAT PUMP 

CAPITAL COST 

ENERGY COST 

NATURAL GAS 

0 

$ 7 . 0 0 /  m t u  

t 

X 

$ 2 2 6 6 1  ton  = . $ 2 2 6 6  1 con 

10,000 Btu f ton  h r  = $ 0 . 0 7 0 1  t o n . h r  



of t h e  energy t h a t  w a s  consumed i n  t h e  power p l an t .  
our energy resources .  
system with a t y p i c a l  e l e c t r i c  motor e f f i c i e n c y  of 85% thereby providing 25% of t h e  
o r i g i n a l  energy t o  t h e  s h a f t  of t h e  compressor which provides  t h e  a i r  condi t ioning.  
Therefore t h e  t o t a l  system e f f i c i e n c y  for t h i s  t y p i c a l  e l e c t r i c  A / C  system is 25%. 

This  is a tremendous waste of 
A t  the  u s e r ' s  s i t e  t h e  e l e c t r i c i t y  is used i n  an e l e c t r i c  A / C  

.?. . 
!:.:,< 

.!#!{i ,+.: 

The e f f i c i ency  diagram i n  Table  6.1 a l s o  shows t h a t  n a t u r a l  gas  can be used 
d i r e c t l y  i n  t h e  GHP without t h e  i n e f f i c i e n c i e s  of e l e c t r i c  power product ion t o  
provide 25% of t h e  o r i g i a n l  energy t o  t h e  s h a f t  of t h e  compressor which provides t h e  
a i r  condi t ion ing .  
A / C  system but  s i n c e  t h e  engine is loca ted  a t  t h e  u s e r ' s  s i t e  t h e  waste hea t  from 
t h e  engine and exhaust can be recovered and used. 
44% of t h e  input  f u e l .  
a s  ho t  w a t e r ,  t h e  t o t a l  system e f f i c i e n c y  f o r  t h e  York GHP system i s  69%. 
s i g n i f i c a n t  improvement from t h e  25% t o t a l  system e f f i c i e n c y  f o r  t h e  e l e c t r i c  A/C 
system. 
reduce opera t ing  c o s t s  and reduce emissions t o  the  environment wh i l e  reducing t h e  
need for new power p l a n t s  i n  F lo r ida .  

?h is  25% e f f i c i e n c y  is equal  t o  t h e  25% e f f i c i e n c y  f o r  t h e  e l e c t r i c  

This  waste hea t  accounts f o r  
By combining t h e  25% s h a f t  power output  w i th  t h e  44% recovery 

This is a 

This  s i g n i f i c a n t  improvement i n  t o t a l  system e f f i c i e n c y  can s i g n i f i c a n t l y  

\ 
Table 6.1 a l s o  compares t h e  c a p i t a l  cos t  f o r  t h e  e l e c t r i c  A/C ve r sus  t h e  

York GHP f o r  t h e  t o t a l  energy sys$em t h a t  is requ i r ed  t o  support  each a d d i t i o n a l  ton 
of a i r  condi t ion ing .  
e l e c t r i c  power p l an t  t h a t  c o s t s  $lOOO/KW it r e q u i r e s  $1200/ton of c a p i t a l  c o s t  f o r  
t h e  power p l an t  t h a t  supp l i e s  t h e  new e l e c t r i c  A/C  system. 
a n a l y s i s  we have omitted t h e  c o s t  of the e l e c t r i c  t ransmiss ion  and d i s t r i b u t i o n  system 
which i s  a l s o  requi red  f o r  t h i s ' new load.  
$1000/ton f o r  t h e  i n s t a l l e d  cos t  of a new 3 ton e l e c t r i c  A/C system. Therefore  t h e  
t o t a l  c a p i t a l  cos t  f o r  t h e  e l e c t r i c  system is $2200/ton. 
system no a d d i t i o n a l  production f a c i l i t i e s  are requi red  and t h e r e f o r e  no a d d i t i o n a l  
c a p i t a l  expense i s  requi red  by t h e  gas  u t i l i t y .  However t h e  i n s t a l l e d  c o s t  of the  
York GHE' a t  $2266/ton i s  about 2.3 times more expensive f o r  t h e  end use r .  
higher  GHP cos t  i s  due t o  a more complicated p i ece  of equipment and low production 
volumes. This  i n d i c a t e s  t h e  need f o r  equipment r eba te s  t o  o f f s e t  t h e  h igher  f i r s t  
cos t  t o  t h e  end user, 
Therefore  t h e  t o t a l  c a p i t a l  c o s t  is about equal  f o r  t h e  new e l e c t r i c  A/C  system and 
t h e  York GHP system. The use  of t h e  York GHP can be an e f f e c t i v e  demand s i d e  manage- 
ment (DSM) program f o r  e l e c t r i c  u t i l i t i e s  t o  reduce t h e  need t o  cons t ruc t  c o s t l y ,  
new genera t ing  p l a n t s .  
Management Conference i n  Miami Beach on March 24-26, 1993 w a s  e n t i t l e d  "The Role of 
Gas Heat Pumps i n  E l e c t r i c  DSM". T h i s  paper by Mark Fulmer of t h e  T e l l u s  I n s t i t u t e  
and P a t r i c k  Hughes of Oak Ridge Nat iona l  Laboratory p re sen t s  t h e  r e s u l t s  of modeling 
of a hypo the t i ca l  GHP r e b a t e  program f o r  an e l e c t r i c  u t i l i t y  t o  determine t h e  GHP 
programs cos t -e f fec t iveness  according t o  t h e  s o c i e t a l  t e s t ,  t o t a l  resource  t e s t ,  
p a r t i c i p a n t  t e s t  and non-part ic ipant  test. 
e l e c t r i c  u t i l i t y  system t h a t  w a s  modeled a s  p a r t  of t h i s  s tudy.  
exce l l en t  t o o l  t o  determine t h e  c o s t  e f f ec t iveness  f o r  F l o r i d a ' s  e l e c t r i c  u t i l i t i e s .  
Due t o  needs f o r  
F lo r ida  t h i s  may be an exce l l en t  DSM program which may provide b e t t e r  u t i l i z a t i o n  
of our n a t u r a l  resources .  

For a new e l e c t r i c  A/C system t h a t  r e q u i r e s  1.2 KW/ton and a new 

For t h i s  s impl i f i ed  

The end u s e r  w i l l  t y p i c a l l y  pay about 

For t h e  n a t u r a l  gas  

5 
This  

The t o t a l  c a p i t a l  c o s t  for t h e  gas  system is $2266/ton. 

A r ecen t  paper presented a t  t h e  6 t h  Nat iona l  Demand-Side 

The r e s u l t s  a r e  q u i t e  p o s i t i v e  f o r  t he  
This  should be an 

new power p l a n t s  t o  s a t i s f y  t h e  growth f o r  a i r  condi t ion ing  i n  

Table 6 .1  is a s impl i f i ed  presentacion of t h e  t o t a l  energy supply system 
and does not  inc lude  the  p o t e n t i a l  c o s t  sav ings  t o  t h e  e l e c t r i c  u t i l i t y  of reducing 
t h e  s i z e  of t h e  transmission and d i s t r i b u t i o n  system needed t o  s e r v i c e  t h e  new 
r e s i d e n t i a l  A/C  load i n  F lo r ida .  Since t h e  e l e c t r i c  A/C  system r e p r e s e n t s  t h e  
l a r g e s t  load i n  res idences ,  t h e  u s e  of a GHP w i l l  s i g n i f i c a n t l y  reduce t h e  r e s i d e n t i a l  
e l e c t r i c a l  load and s i g n i f i c a n t l y  reduce t h e  s i z e  and c o s t  f o r  e l e c t r i c  t ransmission 
and d i s t r i b u t i o n .  
In Japan t h e  end use r  is requi red  by t h e  e l e c t r i c  u t i l i t y  t o  pay f o r  t h e  l a r g e r  
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This  is  a major reason for t h e  widespread use of GHPs i n  Japan. 
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e l e c t r i c  s e r v i c e  required i f  t h e  res idence  has e l e c t r i c  a i r  condi t ion ing .  In t h i s  
way t h e  r e s i d e n t i a l  u se r s  wi th  e l e c t r i c  a i r  condi t ion ing  are paying t h e i r  sha re  of 
t h e  larger t ransmission and d i s t r i b u t i o n  system t h a t  i s  requi red .  Any modeling t h a t  
i s  conducted f o r  t h e  cos t  e f f e c t i v e n e s s  of a GHP program should inc lude  t h e  p o t e n t i a l  
cos t  savings by reducing t h e  s i z e  of t h e  e l e c t r i c  t ransmission and d i s t r i b u t i o n  
system. 

Table 6.1 a l s o  compares t h e  energy c o s t s  f o r  t h e  end use r  f o r  providing 
a i r  condi t ioning only.  
by d i sp lac ing  t h e  hot water t h a t  is requi red  a t  t h e  u s e r ' s  s i t e .  
r e s i d e n t i a l  e l e c t r i c  and gas r a t e s  i n  F lo r ida  and t h e  energy requi red  per  ton of A/C 
f o r  both e l e c t r i c  A/C and j$HP t h e  energy c o s t s  were ca l cu la t ed .  The t y p i c a l  3 ton 
e l e c t r i c  A / C ' s  energy c o s t  i s  $0.108/ ton*hr  ve r sus  $0.070/ ton.hr  f o r  t h e  York G H P .  
This demonstrates p a r t  of t h e  energy c o s t  savings p o t e n t i a l  f o r  t h e  end use r .  
This s impl i f i ed  comparison does not  i nc lude  t h e  added hot  water sav ings  f o r  t h e  gas 
engine system 

This  s impl i f i ed  a n a l y s i s  does not  inc lude  t h e  c o s t  savings 
Using t y p i c a l  

which w i l l  be included i n  t h e  next  ope ra t ing  cos t  comparison. 

Table 6.2 p re sen t s  t h e  "Annual Operation Cost Savings" f o r  a 3 ton York GHP 
versus  a 3 ton e l e c t r i c  A/C & s t e m  i n  South F lo r ida .  
upon a number of v a r i a b l e s  depending upon t h e  s p e c i f i c  a p p l i c a t i o n .  
comparison a t y p i c a l  South F lo r ida  home i s  used wi th  a 3 ton  A/C system and 3000 hours 
of  opera t ion  p e r  year .  
of 10.0 (1.2 KW/ton). The seasonal  Coef f i c i en t  of Performance (C.O.P.) f o r  cool ing 
f o r  t h e  York GHP i n  South F lo r ida  i s  1.2 and r e q u i r e s  350 w a t t s  of a u x i l i a r y  e l e c t r i c  
power f o r  t h e  pumps, f ans  and c o n t r o l s .  
i n  South F lo r ida  are used f o r  t h i s  comparison. York has ind ica t ed  t h a t  i n  1994 
t h e i r  G H P s  w i l l  be a v a i l a b l e  wi th  engine hea t  recovery t o  provide domestic hot  water .  
Therefore Table 6.2 inc ludes  t h e  c o s t  f o r  e l e c t r i c  hot  water  and t h e  c o s t  f o r  supple- 
mental gas hot  water when t h e  York GHP i s  not  opera t ing .  A t y p i c a l  South F lo r ida  
residence w i l l  opera te  t h e  A/C system 9 months of t h e  year .  
gas hot  water is included f o r  t h e  months of t h e  year  when t h e  York GHP i s  not  opera t ing .  

Operating c o s t s  a r e  dependent 
For t h i s  

A t y p i c a l  3 ton e l e c t r i c  A / C  system w a s  s e l e c t e d  wi th  a SEER 

Typical  r e s i d e n t i a l  e l e c t r i c  and gas  r a t e s  

Therefore  supplemental  

Table 6 . 2  shows t h a t  t h e  e l e c t r i c  A / C  c o s t s  $972/yr p lus  $377/yr f o r  hot  
water which is a t o t a l  c o s t  of $1349/yr. 
cos t  w i l l  b e  $819/yr ($630/yr f o r  gas  and $189/yr f o r  a u x i l i a r y  e l e c t r i c )  p lus  $38/yr 
f o r  supplemental hot  water which is a t o t a l  of $857/yr.  
of $492/yr is due t o  t h e  low c o s t  f o r  gas  ve r sus  e l e c t r i c  A / C  and t h e  savings by 
recovering waste heat t o  provide domestic hot  water. Table  6 .2A shows t h e  calcu- 
l a t i o n s  t h a t  were used t o  determine t h e  annual opera t ing  c o s t s  f o r  t h e  York G H P  and 
the  e l e c t r i c  A/C  system. 

For t h e  same home with a York GHP t h e  A / C  

The York GHP's annual savings 

Since t h e  GHP provides  demand reduct ions  f o r  t h e  e l e c t r i c  u t i l i t i e s ,  r eba te s  
should be a v a i l a b l e  from t h e  e l e c t r i c  u t i l i t i e s .  Only by combining t h e  r e b a t e s  from 
the  e l e c t r i c  and gas u t i l i t i e s  can t h e  end user  be given a s u f f i c i e n t  i ncen t ive  t o  
overcome t h e  higher  f i r s t  c o s t  of t h e  GHP. Competing r e b a t e s  f o r  e l e c t r i c  A / C  
systems and f o r  GHPs a r e  counter  product ive and confuse t h e  end u s e r s .  Therefore  i t  
i s  necessary t o  quant i fy  t h e  c o s t  e f f e c t i v e n e s s  of a GHP r e b a t e  from F l o r i d a ' s  
e l e c t r i c  u t i l i t i e s  a s  a DSM program. 
r eba te  l e v e l .  Then e l e c t r i c  and gas  u t i l i t i e s  should work toge ther  f o r  an e f f e c t i v e  
program t h a t  can s i g n i f i c a n t l y  decrease t h e  need f o r  c o s t l y ,  new e l e c t r i c  generat ing 
capac i ty  while  improving t h e  u t i l i z a t i o n  e f f i c i e n c y  of F l o r i d a ' s  n a t u r a l  gas  d i s t r i -  
but ion system. City Gas Company is very i n t e r e s t e d  i n  working toge the r  wi th  o t h e r  
e l e c t r i c  and gas u t i l i t i e s  t o  develop t h e s e  j o i n t  conservat ion programs. 
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ELECTRIC COST 

A/C 

HOT WATER 

GAS COST 

YORK GHP 

HOT WATER 

ANNUAL OPERATING COST 

YORK GHP SAVINGS 

TABLE 6 . 2  

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

ELECTRIC A/C 

$ 912 

$ 377 

\ 

$ 1349 'Ibq 

YOFX GHP 

$ 189 7 

- 

$ 630 

$ 38 

$ 857 

$ 492/Yr.  

Basis: 3 ton residential A/C systems 
3000 hourslyr (EFLH) 
electric A/C = 10.0 SEER 
York GHP = 1 . 2  C.O.P. 
York Aux. Elec. = 350 watts 
electric rate = $O.O9/KWH 
gas rate = $0.70/therm 



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

-YORK GHP CALCULATIONS- 

GAS COSTS : Hr BTU 1.0 BTUf therm - $.70 
York GHP: 3 Tons X 3000 yr X 12000 Ton 1.2 BTU, E G T U f  therm 

Hot Water: 216 ~r therms 3 months __ $0.70 
12 months therm 

$0.09 x -  KWH 
o erating hours ELEC. COST: 0.35 KW X 6000 Yr 

ANNUAL YORK GHP OPERATING COST 

- - A  

= $ 630lYr. 

= $ 3ai-i~. 

= $ 189lYr. 

= $ 8 5 7 1 ~ ~ .  

-ELECTRIC A/C CALCULATIONS- 

$0.09 x .- 1 .2  KW - Hr ELEC. COSTS: 
Ton KWH A/C : 3 Tons X 3000 yr X 

KWH $0.09 
KWH Hot Water: 4195 7 

ANNUAL ELECTRIC OPERATING COST 

ELECTRIC 

$1349/Yr 

-SAVINGS- 

- YORK GHP = ANNUAL SAVINGS 

- $857/~r = $492/Yr. 

= $ 972JYr. 

= $ 377JYr. 

= $1349/Yr. 




