
I ORNL/Sub/86-57949

!
I
I OAK RIDGENATIONAL

LABORATORY
II Utility FGD Survey

January-December 1988
I MA R TIN" MA RIETTA

II Project Summary

I
S. L. Hance

I R.S. McKibbenF. M. Jones

i
I
I
I
I
I
I
I MANAGEDBY

MARTINMARIETTAENERGYSYSTEMS,INC.

I FORTHEUNITEDSTATES
ur rREI1U! "J'._'"'_." " .......................



!
!
!
!
!
!

This report has been reproduced directly from the best available copy.

Available to DOE and DOE contractors from the Office of Scientific and Techni- g
cal Information, P.O. Box 62, Oak Ridge, TN 37831 prices available from (615)
576-8401, FTS 626-8401.

I

Available to the public from the National Technical Information Service, U.S. g
Department of Commerce, 5285 Porl Royal Rd., Springfield, VA 22161.

I
This report was prepared as an account of work .%_onsored by an agency of

the United States Government. Neither the United States Government nor any •
agency thereof, nor any of their employees, makes any warranty, express or |
implied, or assumes any legal liability or responsibility for the accuracy, com-

pleteness, or usefulness of any information, apparatus, product, or process dis-

closed, or represents that its use would not infringe privately owned rights. I
Reference herein to any specific commercial product, process, or service by |
trade name, trademark, manufacturer, or otherwise, does not necessarily consti-

tute or imply its endorsement, recommendation, or favoring by the United States

Government or any agency thereof. The views and opinions of authors II
expressed herein do not necessarily state or reflect those of the United States II
Government or any agency thereof,

I
!
!
!
!
!
!



!
!

ORNL/Sub--86- 57949

I DE92 001610UTILITY FGD SURVEY
JANUARY- DECEMBER 1988

I PROJECT SUMMARY

S. L Hance, R. S. MegJbben,

I and F. M. Jones
lT Corporation

i (formerly PEI Associates, Inc.)11499 Chester Road
Cincinnati, Ohio 45246

I
Date Completed- July 1990

I Date Published - September 1991

I Research sponsored byAssistant Secretary for Policy, Planning, and Analysis
Office of Environmental Analysis

I U.S. Department of Energy1000 Independence Avenue, S.W.
Washington, D.C. 20585

I
Prepared for

I Oak Ridge National LaboratoryOak Ridge, Tennessee 37831

I Managed by
Martin Marietta Energy Systems, Inc.

I for
U.S. Department of Energy

i DOE Contract No. DE-ACO5-840R21400

I
I MASTEB

,DISTRIBUTION Or: "THISDOCUMENT IS UNLIMITED
!



I

I

INTRODUCTION

I The FGD survey report is prepared annually by PEI Associates, Inc., for
the U.S. Department of Energy. Current issues and preceding issues from 1974

i to 1981 and October 1984 to present of the utility FGD survey are only avail-able through the National Technical Information Service (NTIS). Preceding
issues from January 1982 through September 1984 may be purchased from the
Research Reports Center of the Electric Power Research Institute (EPRI). The

I information in this report is generated by a computerizeddata base systemknown as the Flue Gas Desulfurization InformationSystem (FGDIS). The design
informationcontained in the FGDIS encompasses the entire emission control

I system and the power generating unit to which it is applied. Performancedata for operational FGD systems includemonthly dependabilityparameters,
service time, and descriptions of operational problems and solutions.

I Associates, Inc., been reporting on status of utility flue
PEI has the

gas desulfurization (FGD) technology since 1974. From 1974 to 1982, this
effort was supported by the U.S. Environmental Protection Agency (EPA) under

I the direction of the Industrial Environmental Research Laboratory-ResearchTriangle Park. In 1983 and 1984, it was jointly sponsored by EPA and the
Electric Power Research Institute. Since January 1985, the program has been

I sponsored by the U.S. Department of Energy (DOE), Office of EnvironmentalAnalysis.

Information for this program is obtained through regular contacts with

I owner/operator utilities and nonutili-y that sell
generators power to

utilities who are currently operating FGD systems or planning to install
them. Supplemental information is also solicited from FGD system and

I equipment suppliers, design/engineeringfirms, research organizations,andregulatory agencies.

I The information collected is stored in the Flue Gas DesulfurizationInformationSystem (FGDIS). This data base contains computerized files of
descriptive, design, performance,and cost data or all the FGD systems
identified in the FGDIS.

I This report summarizes the status of FGD technology as of December 1988.
lt highlights the status of the electric utility power industry,projected

I growth of coal-fired power generation, and the current status and futuretrends in FGD application. Also discussed is the implementationstatus of
other control technologies such as fluidized bed boilers, which utilities may

i opt for instead of FGD systems.
Several ways are available for identifying individual power plant units.

Power plants are usually represented by turbine or boiler number in govern-

I ment and industry documents. Because than boiler feed
more one may a given

I
I



!

!
turbine in some cases, or a particular boiler may not be dedicated to a

g single power plant turbine, such identificationcan be misleading. Thissituationmay be further complicatedwhen FGD systems are being identified.
In general, a one-to-onerelationshipexists between boilers or turbines and
FGD systems for power plants included in this report. For the most part, the

B power plant boiler designation is used to identify FGD systems in this docu-ment. When several boilers feed a single FGD system, however, the boilers
feeding the FGD system are indicatedin the FGD system name. For example,

B Duquesne Light's Elrama plant consists of four boilers, the exhausts of whichare ducted to a common header that serves a single multimodule FGD system.
The plant is thus identified in the data base as "Elrama 1-4."
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PROJECT SUMMARY I

Table 1 summarizes the status of flue gas desulfurization(FGD) systems
of the end of December 1988. Total controlledin the United States as

capacity is listed in the table as the summationof the gross unit capacities
i

(MW) brought into compliance by the use of FGD systems, regardless of the

percentageof the flue gas scrubbed by the FGD system(s). Equivalent scrubbed i
capacity is the summationof the effective scrubbed flue gas capacities in
equivalent MW, based on the percentage of flue gas scrubbed by the FGD

system(s). Table 2 lists the units on which the status has changed during the
January-December1988 period. Details on each status change are given in the i
Highlights section of this summary. The units included in the figures pre-
sented in Table 1 are identified in Table 3.

mm

TABLE 1. NUMBER AND TOTAL CAPACITY OF FGD SYSTEMS i

Total Equivalent iNo. of controlled scrubbed
Status units capacity, MW capacity, MW

I
OperationaI 154 67,091 62,214

Under construction 15 4,819 4,674 I

Planned-
Contract awarded 11 4,625 4,625 B
Letter of intent - - " I

Requesting/evaluatingbids 3 140 140
Consideringonly FGD 35 18,825 18,329
systems for SO2 control |

218 95,500 89,982TOTAL
g

|
Figure 1 presents a historic breakdown of utility status reports for i

operational,under-construction,and planned FGD capacity.I The operating FGD

capacity has grown significantlyeach year since 1972. From 1977 to 1982 the i
capacity under constructionwas fairly stable, but has steadily decreased m
since 1982 because of the deferment of planned units. The planned capacity
reported by the utilities has increasedeach year in the past until 1980, when

reached its peak, and has dropped sharply since that time. This drop iit
resulted because fewer power plants were built than had been planned. I

I
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I Figure 1. History of utility FGD status reports for operational, under construc-tion, and planned FGD capacity - December 1970 through December 1988.
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Figure 2 presents a comparison of actual coal-fired generating capacity
and FGDcapacity from 1975 through 1988 and projections thereafter through i
1998. 1-11 Although the retirement of older units is taken into account in |
these plots, such retirements affect only the overall coal-fired capacity rate
because FGD-controlled capacity represents primarily new power generating

This accounts for the slightly greater slope of the lower line, icapacity.
which depicts FGD-control led capacity. i

Current projections estimate the total power-generating capacity of the IU.S. electric utility industry will be 761 GWby the end of 1998. (This
value reflects the loss resulting from the retirement of older units, which is
considered to be approximately 6_969 MWby the end of 1998. 11) Approximately i
332 GW, or 44 percent of the 1998 total, is estimated to be coal-fired units. |
Table 4 presents a distribution of present (December 1988) and future
(December 1998) power generation sources. mm

lt is interesting to note that the breakdown for the actual power i
produced by these sources during the past year (Table 5) differs appreciably,
especially for coal- and oil-fired sources, from the power generating capacity i
shown in Table 4. This is due to the effect of the changing economy on the i
operation of various types of powerplants and also on the fact that coal and
nuclear plants tend to be base loaded and other types tend to serve as mm

intermediate or peak loading units, i

Based on known commitments of utilities to FGD (as presented in Table I)
and other coal-fired generating capacity expected to be required to incorporate i
FGD (Figure 2), current and projected percentages of electrical generating i
capacity controlled by FGDare shown in Table 6. The utility FGD survey
includes 13 non-utility units that contribute all or part of the power they •
produce to the utility grid. m

Congeneration and independent power producing facilities are becoming a
larger factor of electrical energy production partially as a result of legis-
lation requiring utilities to purchase power whenever possible and the high i

cost of constructing new units.

Currently the capacity of non-utility units is over 9,758 _13 (approxi- i
mately 1.5 percent of the total in the United States). By 1998, this capacity
is expected to increase to 28,839 MW13 (approximately 3.9 percent of the 1998 mm
capacity). Non-utility units are expected to produce 3.2 percent of the m
electricity in 1989 and 6.0 percent in 1998. 13

Table 7 presents data on the planned additions to the electric generating
units of non-utility power producers compared with utility additions for the i
next five years. As shown, the non-utility producers will account for as much
as 60 percent of the new capacity in 1989 and will be from 30 to 60 percent of i
the additional capacity in the followingyears. m
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m Figure 2. Actual and projected coal-f_r_ generating capacity and FGD
B capacity, 1988."
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TABLE 4. POWER GENERATION SOURCES" PRESENTAND FUTURE m
(U.S. DOE, Inventoryof Power Plants, 1988)11

J

Total generating i
Coal Nuclear Oil Hydro Gas Other capacity, GW

mm

December 1988 44% 14% 12% 12% 17% 1% 724 i
December 1998 44% 15% 11% 12% 17% 1% 761

I
I

TABLE 5. POWER PRODUCTION BY SOURCE n

(U.S. DOE, Electric Power Monthly, December 1988)12 i

Total energy i
Coal Nuclear Oil Hydro Gas Other generated, GWh U

January-December1988 57% 20% 6% 8% 9% 0 2,700,924 i

I
n

TABLE 6. FGD-CONTROLLEDGENERATINGCAPACITY" PRESENT AND FUTURE i
(FGDIS,U.S. DOE Inventoryof Power Plants, 1988)1'11

n

Coal-fired generatingcapac- Total generating capacity
ity controlled by FGD, % controlledby FGD, %

I
December 1988a 21.1 9.3

December 1998 24.9 10.9 i

aThe December 1988 FGD capacity figures are based on reports by utilities, mm
The figures used for the total generating capacity and the December 1998 I
coal-fired generating capacity are based on December 1988 DOE-projected

figures, i
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TABLE 7. CAPACITYADDITIONS OF UTILITIES VERSUSNON-UTILITY PRODUCERS13

I Non-uti I i ty
producers, MW Util ities, MW

I 1988 (existi) 9758 724,000
ng

1989 3608 2522
1990 4106 8234

I 1991 4227 47451992 2720 5131
1993 2579 3614

!
Table 8 gives the percentage of each fuel type that will be added from

i 1989 to 1998. As shown, coal accounts for 10.7 percent (1938 MW) of theseadditions. FGD systems will be used by some of the coal-fired units as well
as other fuels (e.g., tires, waste). Other coal units will use fluidized bed
boilers or will burn low-sulfur coal.

I FGD is not the only avenue for SO2 compliance. The use of fluidized bed
boilers is now considered as an option to FGD systems for SO2 control when the

I coal alkali content is high. Currentl_, four fluidized bed boilers areinstalled at utilities. Three of these are operational demonstration projects
sponsored by EPRI- a 160-MWunit at TVA, a 130-MWunit at Northern States

i Power; and a IlO-MW unit at Colorado Ute Electric. Constructionon anotherunit owned by Montana-DakotaUtilities has an 80-MW capacity.14 Texas-New
Mexico Power Company has plans to constructfour 150-MW units that will use
fluidized bed boilers and become operationalfrom 1990 to 2000.Is

I Further development in this area is expected with the trend toward power-
plant life extensions and "repowering"old units with new more-sophisticated

I generating equipment.
Table 9 shows both the current (December1988) and projected (after

December 2000) breakdownof throwaway-productFGD systems versus saleable-

I FGD of the total known commitments to FGD.
product systems as a percentage
If the SO2 or particulateremoved from the flue gas is recovered in a usable
or marketable form (e.g., gypsum), the product is considered saleable. If the

I SO2 or particulate is not recovered in a usable form, it is considered athrowaway product.

!
!
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TABLE 8. NON-UTILITY UNIT ADDITIONS BY FUEL TYPE13 I
(Courtesyof North American Electric ReliabilityCouncil)

Percent I
1989-1998 of total

Fuel type MW planned capacity
i

Natural gas 3,834 21.2 i
Hydro 480 2.6
Coal 1,938 10.7 mm
Geothermal 420 2.3 |
Wind 71 0.4
Solar 131 0.7

waste) 1,170 6.5 BRefuse (solid
Wood/wood wastes 345 1.9

BW

Other or unknown 9,726 53.7
mm

TOTAL 18,115 100.0 i

i
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D TABLE 9. SUMMARY OF FGD SYSTEMS BY PROCESS

(percentageof total MW)

g DecemberDecember December 2000

Process Byproduct 1988 2000 (normalized)a

!
Throwaway-product

i Wet scrubbingDual alkali 3.4 2.3 2.5
Lime 16.5 13.7 14.9

g Lime/alkalinefly ash 7.1 4.9 5.3Limestone 48.5 43.5 47.3
Limestone/alkalinefly 2.4 1.7 1.8

g ash
Sodium carbonate 4.0 3.3 3.6

Spray drying

g Lime/spray drying 8.8 8.0 8.8Process not selected - 4.3 4.7
Sodium carbonate/spray 0.7 0.5 0.5
drying

H Dry injection
Sodium carbonate/dry - 1,7 1.8

g injection
Saleable-product

H Wet scrubbingLime Metals/fly ash/ <0.1 <0.1 <0_1
other

Limestone Gypsum 4.1 4.7 5.1

i Magnesium oxide Sulfuric acid
1.4 ].0 1.1

Wellman Lord Sulfuric acid 3.1 2.1 2.3

B Spray dryingLime Dry scrubber waste - 0.3 0.3

D Process undecided - 8.0 -
TOTAL 100.0 100.0 100.0

H a listed as "Process undecided" is removed.
The effect of those systems

i 23
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HIGHLIGHTS: JANUARY - DECEMBER 1988

!
The followingparagraphs highlight FGD system activities and avail-

abilities during the period of January through December 1988.
I

Alabama Electric announc.edin 1988 that the Tombigbee units located in
Leroy, Alabama, would be renamed Lowman I and 2 after a former general mm

for the utility.manager

Atlantic City Electric reported that they are no longer considering
building Cumberland1. This would have been a 330-MW unit located in
Millville, New Jersey. B

Central Power and Light announced plans to install a new unit (Valley I) i
in the area of Rio Grand Valley, Texas. Startup of the subbituminous- |
fired 680-MW unit is scheduled for the year 2006.

CMS Generation announced that constructionbegan on the Filer City
Station located in Filer City, Michigan. The station consists of two i

30-MW units that will fire bituminous coal with an average sulfur con-
tent of 2.5 percent. The SO2 control system on each of these units m
consists of a lime spray dryirlgsystem supplied by GE Environmental |
Services. Startup of the two units is scheduled for 1989.

the cancellationof the Dineh project due iDineh Service Company reported
to surplus power in the Midwest. The Dineh Service Company, a joint

mw

venture between Public Service of New Mexico, the Navajo Indian Tribe,
and several equipment suppliers, had planned to locate four 555-MW units
in Bisti, New Mexico. mm

General Public Utilities announced that they were,cancelling their mm
planned unit, Coal i. This unit, which was to be located in Forked |
River, New Jersey, had a planned capacity of 300 MW.

Hadson Corporationreported that it has awarded contracts for the con-
struction of four new units. The units will be located in Altavista, al

Buena Vista, Hopewell, and Southampton,Virginia. The 70-MW (gross)
stoker units will be supplied by Babcock and Wilcox and will burn
bituminous coal. Each unit will employ a Flakt spray dryer and fabric |
filter for SO2 and particulatecontrol. Initial startup of the units is

scheduled to commence in 1992. i
l

Indeck Energy Services, Inc., announced that constructionbegan on a new
unit in Turners Falls, Massachusetts. The 19-MW unit will fire coal and

will be equipped with a lime dry-injectionsystem for SO2 control. IStartup of Turners Falls 1 is scheduledfor 1989.

!
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l JacksonvilleElectric Authority reported that initialoperations began
on St. johns River Park 2 in March 1988. This 612-MW unit located in

East Port, Florida, has a wet limestoneFGD system supplied by Research-Cottrell for SO2 control and an ESP for particulatecontrol.

Louisville Gas and Electric reported that the Trimble County 1 unit hadbegun constructionprior to 1988. This 495-MW unit located in Bedford,
Kentucky, is scheduled for startup by year-end 1990 with commercial
operationby summer 1991. A wet limestone FGD system supplied by Com-

bustion Engineeringwill provide SO2 control and an ESP will provide
particulatecontrol.

Lower Colorado Ri_er Authority reported that initialoperations began onFayette Power Project 3 in March 1988 with commerical operationsbeing
declared on April 29, 1988. The 451-MW unit located in LaGrange,Texas,

I is equipped with a wet limestone FGD system supplied by Combustion Engi-neering for SO2 control. An ESP supplied by Flakt provides particulate
control.

Northern IndianaPublic Service Company signed an agreementwith PureAir to retrofit an advanced FGD demonstrationproject onto Bailly
Station units 7 and 8. The bituminouscoal-fired units supplied by

Babcock and Wilcox have a total rating of 550 MW. The project is beingpartially underwrittenby Federal funding for the Clean Coal
DemonstrationProgram. The wet limestonescrubbing system, which will
produce a saleable gypsum product, is scheduled to startup in 1992. The

will be tested for approximately3 years and then will continuesystem
operating for an additional 17 years.

l Pacific Power and Light announced that during 1988 constructionand ini-tial operations of retrofittedFGD systems commencedon the Jim Bridger
units 1 and 3, respectively. The 508-MW units located in Rock Springs,

Wyoming, will utilize a Babcock and Wilcox retrofit wet sodium carbonateFGD system for SO2 control. Each unit is equipped with an existing
cold-side ESP for primary particulatecontrol. Initial start-up of the
retrofit FGD system on Unit 1 is scheduled for 1990.

Public Service Company of Colorado announced that constructionis now
underway on six of nine Denver, Colorado,area coal-fired units. The

project will retrofit fabric filters and dry sodium bicarbonate injec-tion for SO2 and particulate control on Cherokee 1, 2, 3, and 4,
Arapahoe 4, and Valmont 5. The utility is hoping to reduce its Denver
area S02 emissions by 70 percent, even though the company already meets

standardsof 1.2 Ib S02/millionBtu by using
the new source performance
low-sulfur coal. The utility is in the process of phasing out particu-
late wet scrubbers at these facilities.

Public Service Company of Oklahoma announcedthat it has plans to
install two new units (Inola 1 and 2) in Tulsa, Oklahoma. The units

will fire pulverized subbituminouscoal and have a gross rating of 660MW. Startup of the two units is scheduled for the years 2001 an_ 2007,
respectively.

1 25
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I
San Antonio Public Service announced that a contract has been awarded to
Combustion Engineeringto supply the boiler and wet limestone FGD system

for two new 535-MW units. Constructionof Calaveras 5,for S02 control
which has since been renamed J. K. Spruce 1, was initiated in September

i

1988, and the unit is expected to be operationalby 1992. The second
unit, Calaveras 6, which has been renamed J. K. Spruce 2, is expected to
be on-line by 1997. Both units will be located near San Antonio, Texas. m

Texas Utilities announced the indefinite postponementof plans to con- mm
struct Forest Grove 1. The plans called for a 750-MW unit to be located g
in Athens, Texas. The utility has since cancelled the FGD system sup-
plier contract for this unit. Texas Utilities also announced the can-
cellation of FGD system supplier contractsfor the Twin Oak 1 and 2 i
units due to a change in SO design limitations. Initial start-up of
the two planned units is st_ll scheduledfor 1994 and 1995, respec-

tively. I
Table 10 lists the names of the utility systems that reported achieving

operating availabilitiesof 90 percent or greater for the period January mm
through December 1988. m

l

I

I
l

I

I

I
l
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TABLE 10. UTILITY FGDSYSTEMSACHIEVINGAVERAGEANNUALAVAILABILITIES

i OF 90 PERCENTORGREATERFOR 1988

Utility Unit

I
Central Illinois Light Duck Creek I

I Central Illinois Public Service Newton 1Columbus & Southern Ohio Electric Conesville5
Conesville 6

i Delmarva Power and Light Delaware City 2
Delaware City 3

i HoosierEnergy Merom 2IndianapolisPower & Light Petersburg 3

Minnesota Power & Light Clay Boswell4

I Montana Power Colstrip 1
Colstrip 3
Colstrip 4

i Muscatine Power and Water Muscatine 9

Nevada Power Reid Gardner 1

i Reid Gardner 2Reid Gardner 3
Reid Gardner 4

i Northern Indiana Public Service R.M. Schahfer 17
R. M. Schahfer 18

i Orlando Utilities C.H. Stanton I

Public Service of Indiana Gibson 5

I South Carolina Public Service Cross 2
Winyah 3
Winyah 4

i Southern lllinois Power Marion 4
Sunflower Electric Holcomb 1

i United Power Association Stanton lA

i

!
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P. O. Box 2001, Oak Ridge, Tennessee 37831-8600
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64. Dr. Michael Petroski, National Environmental Remediation, 101 Henderson n
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