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Abstract

The In-Situ Forced Oxidation (IFO) process to
produce gypsum in a commercial scale flue gas
desulfurization (FGD) system was first
demonstrated by GE Environmental Systems in
1980 at the Monticello Generating Station of Texas
Utilities. Since then, the IFO technology developed
and demonstrated by GE has become the industry
standard and is used extensively on a world-wide
basis to produce both commercial and
disposable-grade gypsum. The paper gives an
overview of the development, demonstration,
commercial design and current status of the IFO
technology.

Introduction

Coal continues to be the king when it comes to
electric power generation; however, coal
combustion also results in the greatest amount of
air pollution, and therefore requires sophisticated
emission control technologies to meet the
increasingly stringent environmental control
regulations. The current focus of emissions
controls from coal-fired power plants is on flyash
and acid gases, namely sulfur oxides and nitrogen
oxides. These acid gases are the chief cause of
man-made acid rain which results from absorption
of sulfur and nitrogen oxides in the rain drops. Acid
rain has been linked to such global environmental
problems as forest damage, sterilization of fresh
water lakes and corrosive damage to buildings and
monuments. Most industrialized countries have
passed legislation for substantial reduction of SOx
and NOx from power plants. Removal of SOx and
its conversion to gypsum is the subject of this paper.

Sulfur oxides, primarily as sulfur dioxide, originate
from combustion of sulfur compounds, both
organic and pyritic, present in coal. Since sulfur
dioxide is an acidic gas, its removal from flue gas
requires contact with a suitable alkaline reagent.
The selection of a reagent is dictated by handling
logistics of the enormous quantities involved. For
example, a typical 500 MWe power plant burning 3
percent sulfur coal will generate 15 tons per hour of

sulfur dioxide. Figure 1 shows the quantities of
various possible reagents which may be used and
the amounts of byproducts that are generated.
Because of the large amounts involved, the cost of
the reagent and byproduct disposal plays a key role
in reagent selection, hence the type of flue gas
desulfurization technology to be used. Limestone
is the lowest cost and most abundantl naturally
occurring reagent, hence the limestone-based
technologies have been the mainstay of flue gas
desulfurization, in particular the wet limestone
process.

Wet Limestone FGD Process
Reactions

The most efficient means of removing sulfur
dioxide with limestone is the so called “wet”
process in which an aqueous slurry of finely ground
limestone is contacted with the flue gas. Figure 2
shows a simplified block diagram of the wet FGD
process. Flue gas leaving the fly ash collecting
system is introduced into asuitable SO absorber
in which SO, is removed by intimate contact with
an aqueous suspension of limestone recycled from
the absorber slurry tank.

Fresh limestone slurry is continuously charged into
the absorber tank for reaction with absorbed SO,
and reaction products are withdrawn and sent for
dewatering and further processing.

Figure 3 shows the basic chemical reactions of SO,
absorption and reaction with limestone. Reaction 1
is common to all wet-scrubbing processes and
shows the formation of sulfurous acid, which must
be neutralized rapidly to enhance SO, absorption.
Reaction 2 shows the neutralization of sulfurous
acid with limestone. The primary product of
neutralization is calcium sulfite. Due to the
presence of oxygen in the flue gas, a secondary
oxidation reaction takes place as shown as Reaction
3, which converts a portion of the calcium sulfite to
sulfate. Both calcium sulfate and sulfite have low
solubility in water and result in solid precipitation
as shown in Reactions 4 and S. Reaction 6 shows
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bisulfite formation, which is favored by decreasing
pH.

The oxidation reaction in Equation 3 is of particular
interest for producing gypsum. Although this
reaction is always present in the FGD process, the
degree of oxidation is limited to about 300 ppm of
absorbed sulfur dioxide. This limitation is
primarily due to the amount of oxygen that can be
dissolved from the flue gas. The so-called “natural
oxidation” can be almost 100 percent for very low
sulfur coals and about 10 percent for high sulfur
coals. In most cases, however, a forced oxidation
step is necessary to complete the oxidation
reaction.

Oxidation Kinetics

During the 1970“s, the forced oxidation step for
gypsum production was exclusively carried outina
separate oxidation vessel, hence the name external
forced oxidation or EFO. It was believed that
oxidation requires low pH which can best be
generated in an external vessel by addition of
sulfuric acid or use of flue gas itself. Therefore, the
processes of SO2 absorption and gypsum
production were considered incompatible due to
the relatively high pH needed for efficient SO2
absorption and low pH needed for the efficient
oxidation reaction. A large number of FGD plants,
therefore, were built using the EFO process.

Better understanding of the oxidation kinetics has
led to the development of the In-Situ Forced
Oxidation (IFO) process in which both SO2
absorption and oxidation steps are carried out in the
same vessel, thus eliminating the need for external
oxidizers and sulfuric acid additives (see Figure 4).
Because of the simplicity and lower costs, the IFO
process has become the industry standard for
gypsum production.

The oxidation reaction is ionic in nature, hence
takes place in the liquid body. Both oxygen and
calcium sulfite reactant must be dissolved in water
before oxidation reaction can be completed. While
oxygen transfer is a function of oxygen
concentration in gas, the sulfite dissolution is a
function of pH. Lower pH forms more soluble

calcium bisulfite, hence the need for low pH for
oxidation, provided, of course, the sulfite
dissolution is the limiting factor. Experimental
data, however, shows that the oxidation rate
controlling step is the oxygen transfer from gas to
liquid and not pH. Figure 5 shows the calcium
sulfite oxidation rates. In the absence of oxygen
limitation, a low pH of 4.5 does result in high
oxidation rate3, To take advantage of this high rate,
however, oxygen transfer limitation must be
overcome by using pure oxygen or extremely high
agitation of liquid and air mixture, both of which
are not very practical on commercial scale. Under
normal conditions of air sparging, the oxidation
rates for pH 4.5 and 6.0 are comparable, hence
independent of pH. This understanding has shifted
the focus from pH control to oxygen transfer
efficiency in the slurry recycle tank. Figure 6 shows
the oxygen transfer efficiency as a function if air
sparger depth. Knowledge of the oxidation rate and
oxygen transfer efficiency can be used to design for
any degree of oxidation in the recycle tank of the
SO2 absorber.

IFO Process Development

The first large scale limestone IFO process
development took place in 1980 at Monticello
Station of Texas Utilities. Monticello Unit 3 is
equipped with three spray tower absorbers and one
of these was retrofitted with air spargers in the
recycle tank to study IFO on a large scale. The spray
towers are 44 feet in diameter with a 60-foot
diameter integral tank. During the six months of
demonstration, oxidation efficiencies of 99.9+%
were readily achieved. A typical oxidation log of
the content of the absorber tank and pH is shown in
Figure 7. Because of the large tank volume, it takes
about 68 hours to reach steady state, at which point
virtually complete oxidation is carried out. Over
10,000 tons of gypsum was produced and a portion
turned into excellent quality wallboard.

The first commercial application of the limestone
IFO process took place at Paradise Station of TVA
in 1983. The Paradise Units 1 & 2 burn high sulfur
coal and are equipped with combined venturi/spray
absorbers for simultaneous removal of flyash and
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SO,. Again, complete oxidation is achieved in the
absorber tanks; however, due to the high flyash
loading, the gypsum is contaminated and is
therefore being disposed of as landfill.
Nonetheless, tests performed after separating
flyash from gypsum indicated that the gypsum is
quite suitable for wallboard manufacture.

The limestone IFO technology was introduced into
Europe during the early eighties where it received
its first commercial application at Amercentrale
Unit 8 of EPZ in The Netherlands. This 645 MWe
installation is also the largest single-train tower
installation in the world4, producing wallboard
gypsum using the limestone IFO process. GE and
its licensees have supplied over 20,000 MWe FGD
systems using the IFO process. A list of these
installations is shown in Figure 8. Noteworthy in
Figure 8 is the wide variety of fuels being used,

GE IFO Process Description

A simplified process flow diagram of the patented?
IFO process is shown in Figure 9. Sulfur dioxide
absorption and oxidation is carried out in the open
spray tower with integral recycle tank. Multiple
spray stages with dedicated pumps provide
efficient SO, absorption. The recycle tank is
equipped with side-mounted agitators which are
designed for off-bottom suspension of solids, but
not for high vertical mixing, thus approaching a
plug flow reactor design which is known to be more
efficient than a back-mixed reaction tank3. Air
sparging is achieved through a network of
perforated open ended pipes which give uniform
dispersion of humidified air. Each sparger pipe can
be isolated and flushed for cleaning, without
interrupting operation (see Figure 10). Agitators
can also be used for air dispersion; however, power
consumption will increase as well as departure
from a plug flow reactor design.

Fresh limestone, wet milled to a consistency 90 to
95 percent minus 325 mesh is automatically fed
into the absorber tank to maintain the desired slurry
pH. A proportionate amount is withdrawn from the

tank as gypsum product slurry. The gypsum
product slurry is first dewatered by a set of primary
hydroclones which provide the dual function of
dewatering as well as separating fine material such
as excess limestone, flyash, small gypsum crystals,
etc. The hydroclone overflow containing the bulk
of the fine material is recycled back to the absorber.
This step is very important to obtain stable absorber
operation as well as gypsum crystal growth. Stable
absorber operation is assured by recycling of fine
limestone particles to enrich the absorber slurry for
maximum alkalinity which assures high SO,
removal efficiency and buffering against sudden
SO and load fluctuations.

Hydroclone underflow containing approximately
50 percent slurry of relatively large gypsum
crystals is directly fed onto a belt filter or a
centrifuge for final dewatering to at least 90 percent
solids. The recovered gypsum can either be
disposed of or sold for manufacture of wallboard,
plaster of Paris or as a cement additive. The typical
quality of gypsum from IFO plants is shown in
Figure 11. Greater than 95 percent gypsum purity
can readily be achieved when limestone calcium
carbonate content is 95 percent or more. An
electron micrograph of the gypsum crystals is
shown in Figure 12. Gypsum crystals are rhombic
in shape and more uniform for the IFO process as
compared with the EFO process. However,
saleable gypsum requires backwashing during
filtration to remove soluble salts such as chlorides,
thus necessitating a blow-down waste water stream
to purge the soluble salts from the FGD system.

The waste water stream is obtained by diverting a
portion of the primary hydroclone overflow from
the reclaimed water tank. This stream is further
processed in a set of secondary hydroclones to
recover the bulk of the solids for recycle to the
absorber while an overflow stream containing less
than 2 percent of very fine solids is sent to the waste
water treatment system. Use of the secondary
hydroclones provides a convenient means of
purging some of the fine particles from the FGD
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system along with soluble salts, which otherwise
can interfere with gypsum product dewatering.

Waste Water Treatment

The exact design of the waste water treatment
system is dependent on the degree of cleanup
required. Typical treatment requires removal of
suspended solids, dissolved heavy metals,
chemical oxygen demand and pH adjustment. In
extreme cases requiring zero discharge, the entire
waste water stream requires brine concentration
through such techniques as reverse osmosis and/or
multiple effect evaporator, crystallizers or spray
dryers to generate solid waste which can be
disposed of after suitable treatment. It has been
suggested that for zero discharge, waste water
could be sprayed into the flue gas duct upstream of
a dust collector which would then also collect
residual salts from the evaporation of the waste
water. Such a scheme, however, is not practical
because of the obvious danger of severe corrosion
due to cooling of the flue gas below the acid
dewpoint.

The process flow diagram of a typical waste water
treatment system is shown in Figure 13. The waste
stream containing 1-2 percent suspended solids is
first put into a clarifier for separation of solids. The
underflow containing about 20 percent solids is
further dewatered in a filter press to generate a
sludge cake for disposal. The clarified water is next
treated in a liming tank at a pH of 9-11 which
causes precipitation of most of the heavy metals as
hydroxides. Additional heavy metal removal is
accomplished by treatment with sodium sulfide,
which causes further precipitation of the remaining
heavy metals as sulfides. Both hydroxide and
sulfide precipitates of heavy metals are removed in
a secondary clarifier as underflow sludge which is
also processed in the filter press. Chemical oxygen
demand can be reduced by aeration and/or ion
exchange resins prior to final discharge of the

treated water. A typical FGD waste water influent
and effluent quality is shown in Figure 14. Except
for chlorides, the effluent water quality is well
within most clean water regulatory requirements.

Gypsum Handling and
Transportation

The FGD gypsum containing less than 10 percent
moisture content can be readily handled by
conventional conveying and stockpiling systems.
Obviously, saleable gypsum requires weather
protection to prevent overdrying or wetting;
however, gypsum for disposal need not be weather
protected. Saleable gypsum can be stored in special
silos or buildings equipped with spreaders and
reclaimers for conveying to the transportation
system. Gypsum can be transported by truck, rail
car, barge or ship to its ultimate point of use. Some
end users require that gypsum be delivered as
pellets or briquettes, similar to crushed natural
gypsum, to facilitate handling in equipment.
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Absorption:
ReqUireS: 1. SOZ + HZO > H2303
1 Kilogram of Lime Neutrallzation:
or 2 Kilograms of Limestone 2. CaCo, + H,SO, — CaS0, + CO, + H,0

One Kilogram of SO, Removed

Produces: Oxidation:
6 K"Ograms of 50% Solid SlUdge 3. CaSO, + 1/20, — CaSoO,
or
Crystallization:
3 Kilograms of Gypsum 4. CaSO, + 1/2H,0 — CaSO, - 1/2H,0
or 1 1/2 Kilograms of Acid 5. CaSO, + 2H,0 — CaSO, - 2H,0
or 1/2 Kilograms of Sulfur pH Control:
or
2 Kilograms of Ammonium Sulfate 6. CaSO; + HSO, «» Ca(HSOy),
. . gi - Figure 3. Basic Chemical Reactions
Figure 1. Logistics of various reagents
Y ang byproducts from flu% gas of SO, Absorption with Limestone
desulfurization
Makeup Water
Coal i
— Boiler — FlyaSh B S02 ———
) Collector Absorber
Air
—
/\/ A Stack
* Limestone Slurry
Flyash
Byproduct j-e— Limestone
Separation Grinding
‘; —3
Byproduct Reclaimed Water
Crushed
Limestone

Figure 2. Simplified Block Diagram of the Wet Limestone FGD Process
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In-Situ Forced Oxidation (IFO)
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Ex-Situ Forced Oxidation (EFQ)
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Slurry Bleed
to Dewatering

Oxidatlon Alr "1~~~

1
AAAAAAAA,

A
\

Oxidatlon
Alr Sparger

Reaction
Tank

No sulfuric acid required

No pH sensitivity

No process upset sensitivity
Excellent dewatering due to uniform
gypsum crystal size

* Easy retrofit due to compact size

Reaction
Tank

-
/

NN
Acid

«— Flue Gas

Slurry Bleed
to Dewatering
Ree

L.

|l Oxldation

T Alr

Oxidation
Tank

Oxidation

Alr Sparger
Sulfuric acid required
High pH sensitivity
High process upset sensitivity
Difficult dewatering due to varied
gypsum crystal size
Difficult retrofit due to additional equipment

Figure 4. FGD Process Comparison of IFO and EFO for Gypsum Production

Oxidation
Oxygen Rate
Transfer Condition g.molesfliter.min. pH
Not fimiting. Suchas ~ 17x10~3 45
With Pure Oxygen or
Intense Agitation
Limiting. Such as 1.1-2.7x10-3 45
With Air Sparging
Limiting. Such as 1.4x10°3 6.0

With Air Sparging

Figure 5. Oxidation Rates of Calcium
Sulfite as a Function of pH and
Oxygen Transfer Limitations
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Oxygen Transter Efficiency
as a Function of Sparger Depth
and Injection Orifice Size

Figure 6. Oxygen Transfer Efficiency
in Air Sparged Systems as a
Function of Sparger Depth
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Figure 7. Monticello Demonstration of
. IFO Process for Gypsum Production
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Figure 10. Open Pipe Air Sparger Design

GE IFO Flue Gas Desulfurization Process

Figure 9
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Figure 8: GE FGD Plants Producing Gypsum with IFO Process

FGD End SO, SO, Removal
Capacity Product Inlet Efficlency
Customer Unit (MWe) Startup Use (ppmv) (%)
United States:
Texas Util. Monticello 3 250 1980 WB/C 850 95
TVA Paradise 1&2 2x750 1983 D/WB 2614 84
IP&L Unit 1 232 1994 WB/C 1225 95
IP&L Unit 2 405 1994 WB/C 530 95
Atlantic Elec. England 2 170 1994 WB/C 530 93
Virginia Pwr.  Mt. Storm 3 530 1995 D 2600 98
Austria:
OEDK Voitsberg 3 330 1986 WB/C 2450 95
OKA Riedersbach Il 150 1986 WB/C 2390 92
STEWEAG Mellach 220 1986 WB/C 832 95
Vienna Simmering 380 1991 WB/C 1353 97
England:
PowerGen Ratcliffe 1-4 2000 1995 WB/C 2600 90
Czech Republic:
SEP Novaky B-1&2  2x110 1994 D 3972 90
Finland:
VO Pori 1 500 1994 D/WB 850 90
VO Inkoo 2x250 1994 D/wB 850 90
Germany:
STEAG Bergkamen 1 406 1981 WB/C 925 95
STEAG Voerde A 260 1982 WB/C 725 96
STEAG Voerde B 260 1983 WB/C 725 96
STEAG Bergkamen 2 337 1985 WB/C 925 95
STEAG Voerde A Ph.2 447 1984 WB/C 707 95
STEAG Voerde B Ph.2 447 1985 wB/C 707 95
VEW Gersteinwerk 1&2 760 1985 WB/C 785 94
RWE Niederaussem 2700 1987 D 1524 95
STEAG Charlottenberg 225 1987 WB/C 1050 90
HEW Hafen 84 1987 WB/C 980 93
HEW Wedel 260 1987 WB/C 1050 94
BEWAG Oberhavel 200 1988 WB/C 1050 96
STEAG Herne IV 600 1989 WB/C 1050 920
Bayer Uerdingen 85 1990 WB/C 1050 90
HEW Tiefstack 180 1992 WB/C 1050 90
Japan:
Hokuriku Tsuruga 500 1991 WB/C 1000 95
Netherlands:
EPON Gelderland 13 (I) 271 1985 WB/C 1100 90
EPON Gelderland 13 (2) 374 1987 WB/C 1100 90
EPZ Amercentrale 8 645 1987 WB/C 1138 88
EPZ Amercentrale 9 645 1992 WB/C 1261 88
UNA Hemweg 8 650 1993 WB/C 1170 88
Poland:
BPS Belchatow 4 units 1440 1994/96 WB/C 1500 0
Talwan:
Taiwan Power Hsinta 1&2 1000 1994 WB/C 1000 90
WB/C = Wallboard/Cement D = Disposal
GE’s Gypsum FGD Systems
A. Saleem October 1994
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Gypsum OKA
Component Riedersbach

Free Water % 7.29
CaSO4—2H20 % 97.35
MgO % 0.17
NasO % <0.01
Kgo % <0.01
CI- 52 ppm
P205 % <0.01
F- Soluble % <0.025
CaS0O3z as SO, % 0.05
pH 6.94
Crystal Size,

16-63 um 95%

STEWEAG
Mellach

7.95
95.50
0.05
<0.01
<0.01
67 ppm
<0.01
<<0.025
0.03
6.95

96%

G gzsum Quality Excellent for
Wallboard & Cement Manufacture

Figure 11. Typical IFO Gypsum Quality

Influent Effluent

Suspended Solids 2.0% <15 mg/l

Chemical Oxygen

Demand (COD) 200 mg/l <150 mg/|
Fe 1,000 mg/! <2 mg/l
Al 1,500 mg/i <3 mg/l
Cl 20,000 mg/l 20,000 mg/l
Pb 2 mg/i <0.1 mg/l
Cd 1.5 mg/l <0.1 mg/l
Cr 5 mg/l =1 mg/l
Hg 1mg/l =0.05 mg/l
Cu 6 mg/l <0.2 mg/l
pH 5-6 5.5-9.5

Figure 14. Typical Composition of
Influent and Effluent from
FGD Waste Water Treatment
System

Riedersbach, x 200

PGEM 1, x 200

IFO Produces Superior Gypsum

Figure 12. Comparison of Gypsum Crystal Uniformity
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?_to:;fge Classitier  precipitation Tanks  Seconda
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I
Flitrate Recycle , v
l [[[[[[ | Treated Water

for Disposal
Sludge Cake Filter Press
for Disposal

Figure 13. Typical Waste Water Treatment System Flow Diagram
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Wet Limestone Process
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Abstract

The "Advanced Flue Gas Desulfurization (AFGD) Demonstration Project” is a $151.3
million cooperative effort between the U.S. Department of Energy and a project company
of Pure Air, a general partnership of Air Products and Chemicals, Inc. and Mitsubishi
Heavy Industries America, Inc.

The goal of the AFGD project is to demonstrate that, by combining state-of-the-art
technology, highly efficient plant operation and maintenance capabilities. and by-product
gypsum sales, significant reductions of SO, emissions can be achieved at approximately
one-half the life cycle cost of a conventional Flue Gas Desulfurization (FGD) system.
Further. this emission reduction is achieved without generating solid waste and while
minimizing liquid wastewater effluent.

Briefly, this project entails the design, construction and operation of a nominal 600 MWe
AFGD facility to remove SO, from coal-fired power plant flue gas at the Northemn
Indiana Public Service Company's Bailly Generating Station, located approximately 40
miles southeast of Chicago, Illinois. The facility is used to demonstrate a varietv of
advanced technical and business-related features, during a three-year period of operation
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which began in the summer of 1992. The aim of this demonstration is to accelerate
near-term commercialization. Key features of the AFGD project are:

Large single absorber for multiple boilers.

Single loop absorber with in-situ oxidation to produce commercial gypsum.
SO, removal levels of 95% without chemical additives.

High velocity co-currrent absorber.

Direct injection of pulverized limestone.

Alr rotary sparger.

Wastewater evaporation system.

Agglomeration of FGD gypsum powder into PowerChip™ Gypsum.
"Own-and-Operate" business arrangements.

These and other features allow the scrubber to have improved environmental performance,
reduced space requirements, better energy efficiency, and lower costs than conventional
first (or second) generation scrubbers. With specific regard to environmental
management, this project seeks to demonstrate that air pollution control need not have
deleterious solid waste and/or wastewater consequences.

Construction of the scrubber is complete; operations began in June 1992, ahead of
schedule and within budget. The Clean Coal demonstration project calls for three years
of operations. After the three-year demonstration period, Pure Air on the Lake will
continue to Own-and-Operate the scrubber for the next 17 years.

This paper reviews the advanced wet flue gas desulfurization (FGD) design features, and
the environmental and business features of the project. Also included are data on the first
two years of successful operation.

PROJECT DESCRIPTION

The AFGD demonstration at Bailly station is showcasing several advanced features.
compared to conventional FGD systems in operation throughout the United States. These
features are described below and illustrated in Figure 1. '

Single e _Absorber

Traditionally, an FGD facility contains several SO, absorber or "scrubber” modules. with
one or two spare modules added to improve system reliability. The AFGD facility at
Bailly utilizes a single nominal 600 MWe absorber module. It is the largest capacity
absorber module in the United States, and it scrubs all of the flue gases from the Bailly
station's two coal-fired boilers. There is no spare or back-up module. Instead, a high
degree of system reliability will be demonstrated, as the scrubber is designed for a very
high level of availability while removing 95% or more of the SO,, without the use of
performance-enhancing chemical additives.




High Velocitv Cocunent Absorber

The SO, absorber utilizes a high velocity concurrent design, in which the scrubbing slurry
moves in the same direction as the flue gas flow. Operation at a relatively high tlue gas
velocity of approximately 20 feet per second allows for a more compact absorber. This
feature. combined with the absence of any back-up modules, contributes to improved
space requirements for the AFGD system.

Singl crubber with In-Situ Oxidation

Another space-saving feature is the utilization of the SO, absorber to perform three
separate functions: prequencher, absorber, and oxidation of scrubber sludge (CaSO;,
calcium sulfite) to gypsum (CaSO,*H,0, calcium sulfate). Old FGD systems often
employ two or three separate vessels to perform these functions. The AFGD system at
Bailly produces a gypsum by-product that is suitable for commercial uses such as
wallboard or cement, while older systems produce scrubber sludge which needs to be
landfilled as a solid waste.

Direct Iimestone Injection

At Bailly, pulverized limestone is injected directly into the SO, absorber. The pulverized
limestone is purchased from a limestone supplier, thereby eliminating the need for on-site
wet grinding systems.

Air r

A novel device known as an air rotary sparger (ARS) is demonstrated within the absorber
module. Basically, the ARS combines the functions of mixing and air distribution within
the absorber, thereby facilitating the oxidation of scrubber sludge to gypsum. In a
conventional FGD system, mixing would be done by agitators while oxidation air
distribution would be performed by a separate fixed sparger arrangement. Merging these

functions into one equipment item is expected to provide better mixing within the base
of the absorber.

Wastewater Evaporation System

Wastewater disposal often poses a difficult problem for scrubber operators. particularly
where the oxidation of scrubber sludge to gypsum is employed. The AFGD project at
Bailly is demonstrating a wastewater evaporation system (WES), whereby process
wastewater is injected into the flue gas ductwork upstream of the existing electrostatic
precipitator (ESP). The hot flue gas evaporates the wastewater, enabling the dissolved
solids to be collected by the ESP, along with the fly ash.
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PowerChip Gypsum

The AFGD by-product gypsum is in a finely powdered form. However. the Bailly project
includes a process to agglomerate and flake part of the by-product gypsum stream, in an
attempt to improve the marketability of scrubber gypsum to end-users which are more
accustomed to using natural gypsum rock. This PowerChip™ gypsum can be transported
more easily and handled with existing equipment at most wallboard and/or cement plants.
Pure Air will also attempt to blend fly ash and wastewater treatment solids into the
PowerChip™ gypsum by-product. Although these impurities would make the gypsum
unacceptable for wallboard applications, it could still be used in cement. Pilot tests have
indicated that maximum fly ash loadings of 20% to 30% may be achieved. In
combination with wastewater evaporation and the co-production of wallboard grade
gypsum, this process may bring coal-fired power generation technology one step closer
to the goal of zero-discharge.

On-Site Own and Operate

[n addition to state-of-the-art technical features, the AFGD project will showcase a novel
business arrangement. Normally, utility companies must contract with several different
firms to design and build a scrubber. And once it is built, the utility must operate the
scrubber. By contrast, Pure Air designed, financed, built, owns, maintains and operates
the Bailly AFGD facility for Northern Indiana as a contractual service. This "own and
operate” approach has been employed successfully by Pure Air's parent, Air Products &
Chemicals, in other business lines. Its application to flue gas cleanup is attractive to
many utilities for a variety of reasons. For example, it allows the utility company to
focus on the business of electricity generation and distribution, while Pure Air utilizes its
own expertise to own and operate the scrubber facility.

The project was originally selected for award under DOE's Clean Coal Technology
Program in September 1988. Following negotiations, Pure Air entered into a long-term
flue gas processing agreement with Northern Indiana in October 1989 and a cooperative
agreement with DOE in December 1989. Construction activities began in March 1990
and were completed in June, 1992. A three-year demonstration period started in July
1992 to prove the efficacy of AFGD technology with a range of high sulfur United States
coals. The demonstration will be followed by a long-term commercial operation period.
pursuant to the agreement between Pure Air and Northern Indiana.

Summary of Project Operations

To date, operations have gone well. The scrubber has already exceeded its target of
demonstrating 95+% SO, removal capability, while producing a commercial gypsum
by-product. From start-up 2 June 1992 to 15 June 1994, the AFGD facility removed
133,300 tons of SO, at the Bailly Station. Current operations are largely uneventful.
Some key operating data are shown in Tables 1, 2 and 3. Future operations will be
punctuated by the remaining DOE demonstration tests.
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Project Costs

The budget and costs for the AFGD project are summarized in Table 4. The total project
budget, including the PowerChip™ gypsum demonstration. is $151,707.898. Of this
amount, DOE is funding $63,913,200, or 42%. Design and construction of the nominal
600 MWe AFGD facility were completed slightly under budget, operation costs are
currently under budget with only one more year of operation remaining under the DOE
Cooperative Agreement.

Project Schedule

Groundbreaking for the AFGD facility was held on 20 April 1990, which coincided with
the twentieth anniversary of Earth Day. On 2 July 1991, a major accident occurred at the
project site when two 14 feet diameter cooling water recirculation lines collapsed. No
one was injured. However, the Bailly power plant was shut down for five months.
Despite damage to the AFGD facility, and the congestion caused by having a major
recovery effort on-site, construction of the AFGD facility was completed two weeks ahead
of the original schedule. Start-up occurred on 2 June 1992, and commercial operations
commenced on 15 June 1992.

The demonstration period will continue for three years, through 14 June 1995. During
this period, six one-month demonstration tests will be performed, to assess scrubber
operations with a variety of coals. All coals will be bituminous coals, with sulfur content
ranging from 2.0% to 4.5%. The demonstration test scheduled is presented in Table 4.

Note that the first of these demonstration tests (Test No. 3), using the normal coal for the
Bailly Station (3.0% to 3.5% sulfur), was successfully completed in September 1992. The
second demonstration test (Test No. 4) using 3.5% - 4% sulfur coal was completed in
June 1993. The third demonstration test (Test No. 5) using 4.03-4.56 sulfur coal was
completed in June 1994. The fourth demonstration test (Test No. 2) was completed in
August 1995. Tables 2, 3, and 4 show the SO, removal performance during this test at
various Boiler Loads.

Additionally, air toxic sampling was conducted by Southern Research Institute in
September 1993. This air toxics testing was done under the auspices of DOE's Flue Gas
Cleanup R&D Program.

Summary
As of this report, the facility is exceeding all contractual requirements. The AFGD

facility is removing in excess of 95% of the SO, from Bailly Units #7 and %8, has a
99.9% availability rate, and is producing a wallboard-grade gypsum that is 98% pure.

562



Table 1. Operations Summary for Pure Air Scrubber at Bailly Station.

SO, Emissions

Power Consumption

24-hour average
Facility Pressure Drop
24-hour average
Particulate Emissions
(¢/SCFD)
F a c i I it
Availability-Hrs.--—-

MW

Tons of SO, Removed
Limestone Received
Gypsum Shipped (Wet)
Gypsum Moisture
Gypsum Chloride
Gypsum Purity

Average Water
Consumption (GPM)

Average Waste Water
Flow (GPM)

y

Expected

90% removal or

Ib/MMBtu, whichever is

less stringent

<g,650 kW

<13.5 IWC

no net increase

99.996%

95%

C-T-D as of 1 June 94
C-T-D as of 1 June 94
C-T-D as of 1 June 94
<10%

<120 ppm

93%

3,000

275

563

Averaged 94%

Achieved

(during
DOE test up to 98+% , or
0.382 Ib/MMBtu)

5,275 kW

3.23 IWC
0.04 mnlet
0.0071 outlet

99.996%

133,300 first 2 yrs of oper.
218,413

391,527

6.64

33

97.20

1,560

81




Table 2. Wallboard-Grade Gypsum Specifications for Pure Air Scrubber at Bailly Station.

Gypsum Purity (wt. % dry)
CaSO, - 2 H,O
CaS0, - 112 H,O
Si0o,
Fe,O,
R,0O; (R= metal other

than Fe)
Chlorides

Free IO (wt. %)

Mean Particle Size (microns)

564

Expected

>93.0%
<2.0%
<2.5%

<3.5%

<120 ppm
<10%

>20

Two Year
_Average
97.2%
0.07%
0.5%

0.25%



Table 3. Water Requirements for Pure Air Scrubber at Bailly Station.

Supply Water Flow
Wastewater pH
Wastewater Total Suspended Solids
Wastewater Dissolved Solids
Chlorides (Cl)
Sulfates (SO,™)
Fluorides (F)

Total Dissolved Solids

Expected
<3,000 gpm
6.0 t0 9.0

<30 ppm

<30,000 ppm
<2,500 ppm
<1,100 ppm

<100,000 ppm
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Two Year
Average
1,560 gpm
8.0t09.0

<12 ppm

4,560 ppm
<2,500 ppm
19 ppm

14,100 ppm




Test No.

[

$o W

N

Table 4. AFGD Demonstration Test Schedule.

Coal Sulfur

2.0% to 2.5%
2.5%to 3.0%
3.0% to 3.5%
3.5% to 4.0%
4.0% to 4.5%
Optimal Conditions

chedule
Summer 1994 (Complete)
Fall 1994
Fall 1992 (Complete)
Spring 1993 (Complete)
Spring 1994 (Complete)
Spring 1995
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Abstract

The current status of sulfur dioxide control in power
plants 1s reviewed with particular emphasis on proven,
commercial technologies. This paper begins with a detailed
review of Babcock & Wilcox commercial wet flue gas
desulfurization (FGD) systems. This is followed by a brief
discussion of B&W dry FGD technologies, as well as recent
full-scale and pilot-scale demonstration projects which fo-
cus on lower capital cost alternatives to conventional FGD
systems. A comparison of the economics of several of these
processes is also presented. Finally, technology selections
resulting from recent acid rain legislation in various coun-
tries are reviewed.

Introduction

For the last quarter-century, one key element in the world
power industry has been the ever increasing awareness of the
environmental impact of coal-fired power generation. The
potential long-term environmental effects on land, waterand
air quality which result from the combustion of coal to
produce electricity have drawn the attention of a myriad of
groups in both the private and public sectors. In particular,
one area of concern has been with regard to the potential for
acid rain which results from the generation of sulfur dioxide
(SO,) and nitrogen oxides (NO,) during the combustion of
fossil fuels. An outgrowth of this concern has been the
proliferation of legislation aimed at reducing the stack emis-
sions of SO, from power plants using fossil fuels. Some
existing regulations include the Clean Air Act Amendments
of 1970, 1977 and 1990 in the U.S., the Stationary Emissions
Standards of 1970 in Japan and the 1983 SO, Emissions
Regulations in the Federal Republic of Germany.

Since the mid-1980s, many other nations have proposed
or adopted legislation which seeks to limit the SO, emissions
from power plants and other sources. Most member coun-
tries of the European Economic Community are now regu-
lated and Canada has adopted laws similar to those in the
U.S. In addition, countries in Asia, including Taiwan,
Thailand and Korea, have begun to adopt similar legislation
with strict emissions limits.

Utilities have primarily used two approaches for comply-
ing with SO, emissions limitations, switching to lower sulfur
fuels and installing flue gas desulfurization (FGD) systems.
Although modern FGD development received sporadic at-
tention between the 1920s and the 1950s, broader-based.,
concerted efforts began in the 1960s and continue through
the present. Within these last few decades, wet FGD (“scrub-
bing”) with lime or limestone slurries has come to be the
dominant commercial FGD technology. Worldwide, there
are currently about 400 operating wet FGD systems scrub-
bing 125 GW, of capacity and an additional 180 units
totalling approximately 25 GW, which are equipped with
other types of FGD systems such as sodium-based or (spray)
dry scrubbing!!l. As a result of the recent legislation in
various countries, another 180 units, representing 85 GW,,
are planned or under construction.

The actual selection and application of any FGD technol-
ogy for a specific site is the result of a careful examination
of the regulatory requirements as well as the specific techni-
cal and economic aspects of the site. It is generally recog-
nized that high SO, removal efficiency coupled with cost
effectiveness have been responsible for the overwhelming
popularity of wet, limestone- based FGD processes in utility
applications. Furthermore, the ability of these processes to
produce a usable byproduct such as gypsum has contributed
to their widespread use. It should be noted, however, that
recent advances in developing lower capital cost sorbent
injection processes have demonstrated that these technolo-
gies may offer attractive alternatives over a broader range of
conditions than originally thought.

Conventional Technologies

Babcock & Wilcox (B&W), through its Environmental
Equipment and Research & Development Divisions, has
been an active participant in the development, demonstra-
tion, and commercialization of many of these technologies.
With wet scrubber sales of nearly 20,000 MW, and dry
scrubber sales of 1017 MW, itis one of the major worldwide
suppliers of FGD systems. In addition, B&W has been and
is participating in four sorbent injection projects (three
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~100-MW, and one 5-MW_ demonstrations) sponsored by
the U.S. Department of Energy (DOE) and the U.S. Environ-
mental Protection Agency (EPA). Itis from this perspective
that the balance of this paper seeks first to provide the reader
with a background appreciation of some of the more impor-
tant features of the conventional wet and dry scrubbers
offered by B& W today. This forms the basis from which the
development of the lower capital cost sorbent injection
technologies proceeded. The paper goes on to describe the
results of these efforts as the technologies begin to be
accepted as fully commercial.

Wet Scrubbing

As noted earlier, lime and limestone wet FGD systems are
the mainstay of SO, emission control throughout the world.
In the U.S., passage of the Clean Air Act in 1970 promoted
trials of various types of systems. It was not long, however,
before the utilities and major system suppliers gravitated
toward wet scrubbers in which SO, removal is accomplished
by recirculating an aqueous slurry of lime or limestone in an
absorber vessel to effect intimate contact with the flue gas.

The inherent simplicity, the availability of limestone, and
the high removal efficiencies required by the law quickly
advanced the popularity of this type of system. This oc-
curred in spite of the fact that the early systems often relied
on redundancy to overcome difficulties resulting from scale
formation in the absorbers. In addition, they tended to
incorporate a design that produced a thixotropic, waste
sludge that was difficult to dewater to more than about 60%
solids. The net effect was that the costs of these first-
generation systems tended to be higher than they otherwise
might have been.

Current state-of-the-art systems offer significantly im-
proved performance compared to the first-generation FGD
systems. Much of this is attributed to engineering designs
developed to conform better with fundamental process chem-
istry. The largest single improvement has been the develop-
ment of sulfite oxidation control. Scale formation in the
early systems tended to occur as the result of uncontroiled
crystallization of the naturally oxidized product calcium
sulfate (CaSO, - 2H,0 [gypsum]) from the recirculating
shurry. The blocky gypsum crystals typically represented 15
to 50 mol % of the absorbed SO, and, when intermingled
with the those of unoxidized calcium sulfite (CaSO, - 1/
2H,0) platelets in the slurry, were responsible for much of
the difficulty in dewatering. For limestone systems, blowing
air into the slurry to force oxidation to near 100% provides
seed crystals that minimize scaling, while at the same time
producing more homogeneous slurries that dewater to con-
centrations in excess of 90% solids. For these reasons, the
Limestone Forced Oxidation (LSFO) system has become the
preferred technology worldwide.

The prime benefits of scale control derived from forced
oxidation are greater scrubber reliability and availability.
Confidence in the design and operation of these wet systems
has risen to the point that a number of utilities worldwide are
now specifying and/or buying single absorber systems, with
no redundant absorber towers, to satisfy their compliance
requirements. Figure 1 shows the primary components of
the absorber towers currently being offered by B&W.

B&W'’s sulfur dioxide absorber module has been con-
tinually developed and refined over the past twenty-five
years. The design reflected in Figure 1 represents the state-
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of-the-art in limestone wet FGD systems and incorporates
the following special features.

B&W'’s Patented Gas Distribution Tray

The Babcock & Wilcox absorber module employs a
patented gas distribution tray. Experience has shown that the
use of a gas distribution device reduces the quantity of
recirculated slurry spray (most commonly referred to as
“liquor-to-gas” (L/G) ratio) required to achieve a given SO,
removal, all other factors being equal. This is attributed to
several factors:

* Inasystem where liquid phase distribution is important,
the absorber tray provides liquid hold-up through which the
gas passes prior to entering the slurry spray zone. This is
especially significant in limestone applications where high
SO, removal efficiency is required since the absorption of
SO, into the liquid phase is enhanced. An additional benefit
of this characteristic is enhanced limestone utilization.

* The tray helps to ensure that flue gas is evenly distrib-
uted across the absorber cross-section. This results in the
effective utilization of the slurry distribution generated by
the slurry spray nozzles. Furthermore, it has been widely
demonstrated that uniform cross-sectional flue gas distribu-
tion is essential to achieving optimum moisture separator
performance.

* The baffles on the upper surface of the tray are used to
compartmentalize the tray, thus preventing the migration of
slurry across the absorber cross-section. This serves to
further enhance the uniformity of the flue gas distribution
and the intimate gas-slurry contact required for effective
SO, removal. :

Although there were early concemns that it would be
difficult to maintain the tray surface and perforations in a
clean state during operation, widespread experience on a
variety of applications has proven these concerns to be
unwarranted. It should also be noted that the tray does give
rise to a slight increase in gas-side pressure drop. However,
it has been repeatedly demonstrated that the net increase in
overall system efficiency and/or reduction in L/G more than
offsets this additional draft loss.

B&W'’s Patented Interspatial Headers

Another unique element in the B&W absorber design is
the use of a patented interspatial spray header system. This
design feature involves the use of an interlaced series of
spray header pipes to reduce the number of spray levels
required for a given slurry spray flux. Since fewerelevations
of spray piping are required than in conventional absorber
towers, the overall height of the absorber module, and
therefore its cost, are substantially reduced.

Several B&W scrubber systems are currently operating
on high sulfur U.S. coal plants, producing gypsum for
wallboard. FGD byproduct gypsum has also been used as an
agricultural soil amendment and in cement manufacture.
Even if the gypsum is not sold, the enhanced dewatering
capability makes the process attractive in congested areas
because the gypsum is a stable landfill material that requires
less area for waste disposal.

A variation of LSFO FGD systems used by a few utilities
is the inhibited oxidation system. In this process, emulsified
sulfur or sodium thiosulfate is added to the scrubber liquor
to preverit oxidation to calcium sulfate, thus acting as a scale
control agent. With low oxidation levels, the growth of
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larger calcium sulfite crystals produces enhanced dewater-
ing benefits similar to those in the fully oxidized system. The
inhibited oxidation system, therefore, enjoys the benefits of
lower waste disposal cost and scale control. While it does
not produce a usable end product, it does use less power than
LSFO with minimal increased chemical cost.

Magnesium Enhanced Lime (MEL) scrubbers are an-
other variation of state-of-the-art wet FGD technology,
though they have not enjoyed the worldwide popularity of
the LSFO FGD systems. They have, however, been systems
of choice in the Ohio River Valley of the U.S., where over
8000 MW _ of MEL scrubbers are in operation. Most are
located in a beltway from Pittsburgh, Pennsylvania, to Evans-
ville, Indiana, although Units 1, 2, and 3 at the Four Corners
Plant of Arizona Public Service also operate with MEL
scrubbers. The Ohio River Valley MEL scrubbers use a
reagent that naturally contains approximately 5% MgO. The
Four Corners units use a locally blended lime product to
achieve the same results.

Babcock & Wilkcox

MEL scrubber systems have proven capable of routinely
performing at 98% SO, removal efficiency even on 3% to
4% sulfur coals, and do so in absorber towers that are
significantly smaller than their limestone counterparts (Fig-
ure 2). The reason for this is that the presence of magnesium
effectively increases the dissolved alkalinity, and conse-
quently makes removal less dependent on the dissolution of
the lime. To achieve the same effect, limestone-based sys-
tems require a high liquid-to-gas ratio (and therefore high
power consumption), and sometimes the use of additives to
approach the same removal efficiencies. The choice be-
tween LSFO and MEL systems has often been debated.
Utilities have generally based their decisions on site-specific
considerations dealing with the higher operating cost of
lime, in comparison to the higher capital cost of the larger
absorbers and greater pumping cost of LSFO FGD.

Finally, although the preceding discussion has concen-
trated on wet scrubbing with lime and limestone slurries,
B&W has also supplied wet scrubbers for three 552-MW,
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units where the reagent is a waste soda ash (Na,CO,) solu-
uon. The highly reactive soda ash allows these scrubbers to
operate ateven lower liquid-to-gas ratios. The application is
highly site-specific, however, in that the utility is located
close 10 a soda ash plant in an area where the net evaporation
rate permits the product salts to crystallize in the disposal
ponds.
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Flg.2 Sizesof MEL and LSFO absorber towers for a 250 MW, unit.

Dry Scrubbing

Commercial utility installations using dry scrubber tech-
nology first appeared in the U.S. in the late 1970s and early
1980s. Derived from spray drying technology, this method
of SO, emission control relies on the atomization of a sorbent
(most commonly an aqueous lime slurry) in a reaction
chamber upstream of a particulate collection device. Typi-
cally, the systems are designed to operate ata 15 to 25 C (27
to 45 F) approach to the adiabatic saturation temperature of
the flue gas. The fine droplets absorb SO, and form the
product calcium sulfite and sulfate as the water evaporates.
The B&W dry scrubber in use at two utilities is shown in
Figure 3. The design incorporates a patented, duval-fluid
atomizer design that has proven to be particularly effective
and durable.
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Flg. 3 B&W dry scrubber module.

A downstream electrostatic precipitator (ESP) or bag-
house collects the dry salts along with fly ash present in the
flue gas. Use of a baghouse enhances the performance of the
dry scrubber because additional SO, absorption occurs as the
flue gas passes through the accumulated cake on the bags.
Operation nearer the flue gas saturation temperature further
promotes the increased removal efficiency obtained through
the intimate contact in this configuration.

In the U.S., dry scrubber technology has primarily been
used in retrofit applications on units burning low-sulfur
coals. Required SO, removal efficiencies have normally
been in the 80% or less range at inlet calcium/sulfur (Ca/S)
ratios of 1.5 orless. There has been a great deal of discussion
regarding the use of this technology on higher sulfur coals
with higher removal efficiency. Such applications have not
yet been widely demonstrated in utility plants, and it is
anticipated that the primary commercial application of dry
scrubbing will continue to be with the low-sulfur fuels.

Advanced Technologies

While the wet FGD systems provided the benefits of high
removal efficiencies, their relatively high capital cost made
them unattractive for those applications where it was desir-
able to minimize the initial investment. In the late 1970s,
interest in developing lower cost technologies heightened
when one eastern U.S. utility determined that a 25% SO,
removal technology, when combined with coal cleaning,
would permit it to meet the regulated emission limit on one
of its units. At about the same time, the U.S. EPA was
continuing support of bench- and pilot-scale projects to
develop low capital cost processes for many of the smaller
and older units notregulated by the original Clean Air Act of
1970. Initially using limestone injection through staged
low-NO, burners, these studies went on to show that moder-
ate levels of SO, emission control were possible by injecting
sorbent within certain windows within a boiler's time-
temperature profile. All this work culminated in a full-scale
project, entitled “The Limestone Injection Multistage Burner
(LIMB) Demonstration,” which was conducted by B&W on
the 105-MW, Unit 4 boiler at Ohio Edison Company’s
Edgewater Station in Lorain, Ohio. The success of this
project, and of a subsequent “LIMB Extension Project”
sponsored by the U.S. Department of Energy (DOE), be-
came an incentive for further improvements in the technol-
ogy. Some of the techniques learned have been employed in
related studies that have given rise to other sorbent injection
processes, including:

* Limestone Injection Dry Scrubbing (LIDS) - a process
in which limestone is first injected into the furnace, and the
resulting excess calcined lime (CaO) is used as the reagent
for dry scrubbing.

* Coolside - aprocess thatcouples flue gas humidification
with hydrated lime [Ca(OH)Z] injection into the duct down-
stream of the air heater.

* SO,-NO,-Rox Box (SNRB) - a process that combines
hydrated lime and ammonia injection upstream of a hot,
catalytic baghouse (Box) where the solid products calcium
sulfite and sulfate and particulate (Rox) are removed, and the
NO; is reduced to nitrogen and water.

Each of these technologies are described in more detail in
the following sections. References to more complete reports
on each technology are provided with the title of each section.

Babeock & Wilcox
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Furnace Sorbent Injection (LIMB)?>

Fumnace sorbent injection for SO, emission control was
first attempted on a commercial scale in England in the
1930s and was further studied in the U.S. in the 1960s. These
early efforts, using limestone as a sorbent, typically pro-
duced very low (20-30%) removali efficiencies. More de-
tailed investigations beginning in the late 1970s began to
idenufy how some of the early limitations might be over-
come. The EPA- and DOE-sponsored projects at Edgewater
were an important demonstration of the viability of furnace
sorbent injection in achieving moderate levels of SO, control.

The first (EPA-sponsored) LIMB project at Edgewater
undertook to attain in excess of 50% SO, removal at an inlet
Ca/S rauio of 2.0 while the unit burned 3% sulfur coal. After
an extensive review of the literature and further study of
those areas not adequately addressed in previous studies, a
system was developed to inject caicitic hydrated lime in the
region of the upper furnace where the sulfation reaction
would be maximized. A humidification system was also
Jeveloped which not only overcame the adverse impact of
sorbent 1njection on the electrostatic precipitator, but pro-
vided for enhanced SO, removal by operating closer to the
adiabatic saturation temperature of the flue gas.

Following the initial test results indicating SO, removal
efficiencies in the 55 to 60% range, the project went on to
demonstrate removals as high as 72% using different re-
agents, stoichiometries and humidification to close approach
to saturation.

The DOE-sponsored LIMB Extension Project sought to
demonstrate the generic applicability of the process by
characterizing the performance for a variety of sorbents and
coals. Tests were conducted with a variety of sorbents while
the unit burned coals with 1.6, 3.0 and 3.8% sulfur. The
effect of different sorbents is characterized in Figure 4. The
effects of various other factors such as limestone grind,
humidification, injector tilt, coal sulfur content, injection
level (temperature) and momentum flux ratio (velocity)
were also examined and characterized.

100
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Fig. 4 Elfect of different sorbents on SO, removal while buming
1.6% sulfur coal and injecting at alevation 55.2m (181 ft).

The LIMB demonstration at Edgewater also provided an
opportunity to observe the effects of furnace sorbent injec-
tion on boiler and ash collection equipment operation. The
increased dust loading associated with the process can cause
additional ash accumulation on tubes. Although the LIMB
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ash was found to be as easily removed as flyash, additional
sootblowers could be required in retrofit situations depend-
ing on the specific conditions. Another observation was that
the combined effect of the ash characteristics with some
sorbents and the higher particulate loading tended to degrade
ESP performance. The humidification system proved to be
an effective remedy for this problem as stack opacity was
returned to normal levels once humidification was intro-
duced. Finally, due to the high quicklime content of ash
collected downstream of a furnace sorbent injection process,
the ash may find any number of uses ranging from cement
manufacture to soil stabilization.55)

Duct Sorbent Injection (Coolside)™

Similar to the furnace sorbent injection systems, the duct
sorbent injection systems utilize the duct between the air
heater outlet and the particulate collector inlet to capture SO,
with either lime- or sodium-based compounds. Limestone
sorbents are quite unreactive in the 175C (347F) to 60C
(140 F) temperature range of interest for this technology.
While the sodium-based systems can be effective,’® con-

" cern over the solubility of the product salts in the waste

effectively limits application to a few units in the western
U.S. For these reasons, the balance of this discussion will
focus on lime-based systems.

This alkali can be injected as a dry powder or as a slurry,
but in either case, humidification to a close approach to the
adiabatic saturation temperature of the flue gas is required
for the process to be effective. The need to effect virtually
complete evaporation of the water added makes it necessary
either to have a long straight run of duct work, or to modify
the flues for the residence time required. The length/size in
turn depends on the degree of atomization achieved. Of
course, the baghouse or ESP used for particulate coliection
must be adequately sized for the increased dust loading. The
ash collected will contain a mixture of unreacted hydrated
lime and fly ash, along with the product materials — calcium
sulfite and calcium sulfate.

Duct sorbent injection systems have undergone extensive
testing just within the past few years. The largest of these
was performed as the Coolside process demonstration in
conjunction with the DOE-sponsored LIMB extension project
on the 105-MW,, unit at the Edgewater Station.”) Initially
developed by CONSOL Inc., the process entailed injection
of dry calicitic hydrated lime at the inlet of the same humidi-
fier that had been used during the LIMB demonstration.
Most of the tests were conducted with the humidifier oper-
ating in the range of an 11 to 17C (20 to 30F) approach to the
saturation temperature.

Lime utilization and SO, removal in the Coolside process
are enhanced by the addition of sodium salts. For the
Edgewater tests, caustic soda (NaOH) was added to the
humidification water such that the sodium/calcium molar
ratio was raised to as high as 0.2. Figure 5 depicts typical
performance achieved in the course of the Coolside process
tests.[10]

The U.S. DOE 12-MW, Duct Injection Test Facility at
Ohio Power Company’s Muskingum River Station has been
the site of studies on lime slurry injection in ducts.!!!! SO,
removal efficiencies have been reported to be generally
comparable to those achieved in the Coolside tests. The
results suggest that the lime slurry is somewhat more reac-
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uve than dry lime. The advantage may be offset, however,
by the need for a somewhat more complex delivery system,
and the potential for greater abrasion in the slurry system.
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Fig. 5 SO, removal for the Coolside process.

Limestone Injection Dry Scrubbing (LIDS)!'%

Experience with both dry scrubbing and furnace sorbent
injection prompted B&W to integrate the two into the LIDS
process, as it offered the advantages of combining the use of
the lower cost limestone sorbent with higher overall SO,
removal and sorbent utilization. Figure 6 shows the flow
diagram of the process with particulate collection by either
abaghouse or an ESP. In the process, injection of limestone
into the furnace effects SO, removal. The unreacted quick-
lime continues through the system until it is collected in the
baghouse or ESP. Depending on the SO, removal efficiency
desired. a portion of the collected ash is slurried with water
through an appropriately sized slaking device. The slurry is
then fed to the dry scrubber where the bulk of the SO,
removal occurs. Significant additional SO, removal may
also occur during particulate collection, especially if the flue
gas must pass through a baghouse at a temperature relatively
close to saturation.
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Fig. 6 LIDS process flow diagram.

B&W's Research and Development Division carried out
the LIDS tests at its Alliance Research Center in Alliance,
Ohio. A major portion of the facility aiready existed as a
pilot-scale combustion furnace called the smail boiler simu-
lator (SBS). Rated at 1.8 MJ/s (6.0 x 10° Bawh), the SBS had
much of the auxiliary equipment in place as the result of
earlier furnace sorbent injection tests. To this was added a
cylindrical, down-flow dry scrubber designed for testing

with gasresidence timesinthe 5to 10 srange. Itsdimensions
were 9.1 m (30 ft) high and 1.5 m (5 ft) in diameter. The
baghouse contained 46 Nomex bags 3.0 m (10 ft) long and
12 cm (4.6 in.) in diameter, providing a design air-to-cloth
ratio of 51 m/h (2.8 ft/min) at 66 C (150 F).

The cost of achieving continuous operation to achieve
true steady-state conditions made simulation of recycle
necessary. This was accomplished by operating the pilot in
a batch mode, and collecting the ash produced each day for
preparation of the following day’s slurry in 2 7.57 m? (2000
gal) stirred tank. Recycle ratios, defined in terms of mass of
recycled ash per mass of fresh sorbent, ranged from 0.4 to
1.9 for the tests conducted.

The LIDS test program characteried the SO, removal
efficiency over arange of stoichiometries and approaches to
the saturation temperature. The results are summarized in
Figure 7 which shows the overall removals obtained at the
outlet of the baghouse.
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Fig. 7 LIDS combined fumace, dry scrubber, and baghouse SO,
removal.

The next step in the commercialization of the LIDS
process is demonstration on a larger scale. B& W is currently
looking for a suitable new or retrofit application at either an
industrial or a utility site. Ideally, the candidate unit would
be 50 to 100 MW, in size, and have, or plan to have, a
baghouse for particulate collection. This would permit
demonstration of the maximum capabilities of the process
and confirm scale-up criteria. Commercialization beyond
this would be driven by normal market demands.

SO,-NO,-Rox Box (SNRB)™

B&W is developing the SNRB process as a combined
SO,, NO,, and particulate (Rox) emission control technol-
ogy by which all three pollutants are removed from flue gas
in a high-temperature baghouse. SNRB incorporates lime-
or sodium-based sorbent injection to capture SO,, selective
catalytic reduction (SCR) of NO, by ammonia (NH,), and
particulate removal in a high-temperature, pulse-jet bag-
house, as depicted in Figure 8.

B&W’s Research and Development Division conducted
early tests in a 1500 Nm?h (2500 acfm) pilot at the Alliance
Research Center. Encouraging results led to a DOE Clean
Coal Technology demonstration project which uses a six-
compartment unit capable of treating 19,900 Nm3/h (30,000
acfm) of flue gas (equivalent to about 5 MW,). Each com-
partment contains 42 fuil-size bags thatare 6.1 m (20 ft) long
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and 15.9 cm (6.25 in.) in diameter. Because the bags and
SCR catalyst assemblies are full-size and the unit is operated
with a rotating cleaning cycle, scale-up will primarily in-
volve multiplying the number of units required for the
intended application. The project, co-sponsored by the Ohio
Coal Development Office (OCDO) and the Electric Power
Research Institute (EPRI), was conducted at Ohio Edison’s
Burger Staton.

The tests concentrated on characterizing SO, removal
with calcitic hydrated lime injected at various temperatures
and stoichiometries. Results indicate that inlet Ca/S ratios
near 2.0 reduce SO, emissions by 80to 90%, well beyond the
original 70% goal. Part of this is ascribed to more complete
conversion in the baghouse than anticipated, although the
removal appears to be sensitive to the baghouse temperature

(Figure 9).
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Results on NO, and particulate emissions control have
also been promising. Figure 10 shows typical data being
developed on NO, reduction for the process. Removal effi-
ciency in excess of 90% has been achieved near an NH,/NO,
stoichiometry of 0.85. At the same time “ammonia slip”, a
term describing the undesirable bypass of unreacted NH,,
has generally been measured at levels of less than 4 mg/Nm?
(5 ppmv).

Particulate emissions have averaged 7.7 ng/J (0.018 1b/
10° Btu), well below the Clean Air Act’s New Source
Performance Standard of 12.9 ng/J (0.03 1b/10° Btu). This
level of control equates to an average removal efficiency of
99.89% for the range of dust loadings and temperatures tested.

As was the case for the LIDS process, the next step toward
full commercialization of the SNRB process is a larger scale
demonstration of perhaps 50 to 100 MW,. Again, anew or
retrofit application would be suitable at either an industrial
or a utility site.
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Economics of the Process
A summary of the economics of so many processes,
particularly when they represent all stages of development

from pilot-scale through commercial full-scale, must natu-
rally be built upon a broad range of assumptions that the
reader is reminded to consider in interpreting what follows.
The approach taken uses the basis of the capital and operat-
ing costs developed for the LIMB and Coolside processes as
they relate to the LSFO FGD process. The economic analysis
employed was quite thorough and conformed to practices
generally accepted by the U.S. utility industry. For a de-
scription of the assumptions made, the reader is referred
either to the full report!3 or to a somewhat abbreviated
summary.™ All capital costs are expressed in terms of U.S.
dollars/kW, and annual levelized costs in U.S. dollars/ton of
SO, removed. While this facilitates comparison, the reader
is cautioned that not all the analyses start with the same basic
assumptions. Rather, the values should be interpreted more
properly as representing each technology in a reasonably
favorable application of its capabilities.

The capital costs associated with LSFO FGD and with
furnace and duct sorbent injection, as represented by LIMB
and Coolside as practiced at Edgewater, are shown in Figure
11 for unit sizes in the range of 100 to S00 MW,. The costs
represent units burning a bituminous coal with a heating
value of 27.7 MJ/kg (11,872 Btuw/1b), and containing 2.50%
sulfur and 10.77% ash (all as-fired values). Capital costs are
similar for 1.5 and 3.5% sulfur coals, since basic equipment
sizes are not that much different.

In contrast to the relative insensitivity of capital costs to
coal sulfur, annual levelized costs which reflect operation
over the life of the plant vary considerably with coal sulfur,
ascanbeseeninFigures 12, 13 and 14. Examination of these
figures also reveals that, while the cost per ton of SO,
removed decreases with increasing coal sulfur, the decrease
for LSFO FGD is much more dramatic than for the sorbent
injection technologies. The main reason for this is the greater
sorbent utilization in the wet technologies. For the same
reason, the analysis shows why the lower capital cost sorbent
injection technologies tend to be favored for the older,
smaller plants where moderate levels of SO, removal are
needed. (As described earlier, the cost of MEL wet scrubbers
are equivalent to those for the limestone systems in general.
However, site-specific factors can be very influential in
decisions between the two.)
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The economics of lime-based dry scrubbing is fairly well
established since the process is commercial. However, there
has been no recent study that provides as much detail as just
provided on LSFO FGD and the sorbent injection technolo-
gies. Nevertheless, the industry tends to think in terms of the
costs of dry scrubbing being approximately 80 to 90% of
LSFOFGD. Thisisreflected in arecentindependent study!s!
that showed an estimated $170/kW capital cost and $490/ton
of SO, removed annual levelized cost for a 300-MW, unit
burning 2.6% sulfur coal. This same study estimated the
comparable LSFO FGD capital cost at $210/kW and the
annual levelized cost at $550/ton of SO, removed, approxi-
mately equivalent to the figures determined in the B&W
study.

The economics of the LIDS and SNRB processes are not
as well established as those just described, since their devel-
opment is on-going. At this point in time, the capital cost of
the LIDS process is estimated to be approximately equiva-
lent to that of conventional dry scrubbing under the rough
assumption that the cost of the limestone preparation and
feed system is about equal to the pebble lime (commercial
quicklime) slaking and pumping system. The lower cost of
limestone, as compared to lime, is expected to generate
savings in the annual levelized cost, however. Using a $40/
ton cost differential in an economic model similar to that
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Fig. 12 Annual levelized cost sensitivity of LIMB, Coolside, and
LSFO to unit size for 1.5% sulfur coal.

used in the study referred to above, one might expect an
annual levelized cost savings of about $70/ton of SO,
removed.

SNRB economics are the least refined of all the processes
discussed due to the fact that many of the costs have yet to
be truly established for a lare, commercial, industrial or
utility application. The higher-than-expected removal effi-
ciencies currently being realized in the 5-MW,_ demonstra-
tion are improving previous economic projections. More-
over, it is virtually impossible to break out the costs accord-
ing to the individual pollutants. As a result, it is a bit
premature to say more than to suggest that the capital and
operating costs of the SNRB process are expected to be
competitive with the combined cost of a system incorporat-
ing separate SCR, wet FGD, and particulate removal
components.
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Fig. 13 Annual levelized cost sensitivity of LIMB, Coolsids, and
LSFO to unit size for 2.5% suifur coal.

Recent Trends

As mentioned earlier, recent legislation has been enacted
in various countries which seeks to reduce the SO, emissions
from power plants. One example is the Clean Air Act
Amendment (CAAA) signed into law by the U.S. Congress
in November, 1990. The Acid Rain Provision of the CAAA
requires a two-phase reduction in SO, emissions from coal
fired boilers larger than 25 MW,. Phase I applies to 110
boilers that are among the largest sources of SO, emissions

Annua! Levelized Cost, $ton SO, Removed
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Fig. 14 Annual levelized cost sensitivity of LIMB, Coolside, and
LSFO to unit size for 3.5% suifur coal.
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and requires that emission levels be reduced to 1075 ng
SO./J (2.51b/10° Btu) or lower by January 1, 1995. Phase II
of the CAAA requires all boilers larger than 25 MW, have
their SO, emissions capped at 516 ng SO,/J (1.2 1b/10° Btu)
effective January 1, 2000. Because of the availability of
lower sulfur coals in the United States, the majority of the
Phase 1 affected units elected to switch fuels rather than
install FGD systems. Table 15 shows the technology selec-
tions of those units which did choose to install FGD systems.

Itis interesting to note that despite the extensive develop-
ment efforts aimed at alternative FGD technologies, the
overwhelming majority of U.S utilities chose limestone
forced oxidation (LSFO) for their Phase I units. This is
consistent with the worldwide trend for near-term utility
scale SO, emissions control. Utilities around the world from
Turkey and the Czech Republic in Europe to Thailand and
Taiwan in Asia have recently signed contracts for LSFO
FGD systems.

One explanation of this trend is that the maturity of the
I.SFO technology coupled with a long and established op-
erational history provides utilities with the confidence they
seek that an FGD system will not negatively impact the
availability of their power plants. Further, the factthat LSFO
units can produce a usable byproduct (gypsum) provides an
added incentiveto select this technology. Finally, due to a
variety of factors, the cost of LSFO systems in recent years
has been such that the economics of many installations favor

this technology even beyond the extent indicated in Figures
12-14.

Summary

The control of SO, emissions from fossil fuel-fired boil-
ers has progressed dramatically over the past 25 years. Wet
scrubbing has become the state-of-the-art method for achiev-
ing removal efficiencies in the 90% to 98% range. Of the
many variations of wet scrubbing, the LSFO technology has
been and continues to be the most widely adopted process for
SO, control in utility power plants. This is due to the
combination of low cost reagent, high removal efficiency
and operational reliability associated with LSFO technology.

(Spray) dry scrubbing with lime slurries is seen as a
technology more useful for lJower sulfur fuels requiring
lower removal efficiency. However, it may prove to be
economically viable for some higher sulfur applications as
well, especially when combined with sorbent injection as is
done in LIDS.

Interest in alternative technologies such as sorbent injec-
tion, LIDS and SNRB continues to grow. Although these
technologies must be further demonstrated and developed
before they will supersede conventional technologies such
as wet scrubbing, it is anticipated that they will push the state
of FGD technology into new areas which will yield ever
more advanced methods for the cost effective control of
power plant emissions.

Table 1
Phass | Scrubber Activity
Utilty Station Unit MW Total Process
PSI Energy Gibson 4 660 Limestone Inhibited Oxidation
Allegheny Power Harrison 1-3 2040 Magnesium Enhanced Lime
Kentucky Utilities Ghent 1 550 Limestone Forced Oxidation
Owensboro Elmer Smith 1,2 415 Limestone Forced Oxidation
TVA Cumberiand 1,2 2600 Limestone Forced Oxidation
AEP Gavin 1,2 2700 Magnesium Enhanced Lime
IP&L Petersburg 1,2 724 Limestone Forced Oxidation
Virginia Power Mount Storm 3 550 Limestone Forced Oxidation
Atlantic Electric BL England 2 170 Limestone Forced Oxidation
lllinois Power Baldwin* 1,2 1160 Limestone Forced Oxidation
Penelec Conemaugh 1,2 1800 Limestone Forced Oxidation
Sigeco Cully 2,3 370 Limestone Forced Oxidation
NYSE&G Milliken - 300 Limestone Forced Oxidation
City of Henderson Station 2 1,2 340 Magnesium Enhanced Lime
NIPSCO Bailly 7,8 615 Limestone Forced Oxidation
Niagara Mohawk Huntley* 67,68 400 Limestone Forced Oxidation
Centenor Eastlake* 4,5 940 Limestone Forced Oxidation
16,434 (13,834)
*Delayed
Babcock & Wiicox
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INTRODUCTION

About 20 years ago the first wet flue gas desulfurization systems installed on coal fired utility
boilers in the United States were experiencing extreme operating problems. In addition to their
failure to achieve the necessary SO, removal efficiencies, these FGD systems required a major
investment in maintenance, both material and labor, just to remain operational. These first
generation systems demonstrated that a lack of understanding of the chemistry and operating
conditions of wet flue gas desulfurization can lead to disastrous results.

As the air pollution control industry developed, both in the United States and in Japan, a second
generation of FGD systems was introduced. These designs incorporated major improvements
in both system chemistry control and in the equipment utilized in the process. Indeed, the
successful introduction of utility flue gas desulfurization systems in Germany was possible only
through the transfer of the technology improvements developed in the US and in Japan.

Today, technology has evolved to a third generation of wet flue gas desulfurization systems and
these systems are now offered worldwide through a series of international licensing agreements.
The rapid economic growth and development in Asia and the Pacific Rim, resulting in an
increased demand for electrical power, combined with existing problems in ambient air quality
in these same geographic areas, has resulted in the use of advanced air pollution control systems;
including flue gas desulfurization both for new utility units and for many retrofit projects.

To meet the requirements of the utility industry, FGD systems must meet high standards of
reliability, operability and performance. Key components in achieving these objectives are:

FGD SYSTEM
RELIABILITY/OPERABILITY/PERFORMANCE

FGD System Supplier Equipment
Qualifications Process Design Selection

This paper will discuss each of the essential factors with a concentration on the equipment
selection and wet scrubber hardware issues.

EGD SYSTEM SUPPLIER QUALIFICATIONS

It is of utmost importance that the FGD system supplier has demonstrated experience on similar
applications. This experience must be present in both the FGD system supplier and the
manufacturers of major components that are critical to proper system operation.

9253-01/FGD/09/20/94
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The specific qualifications of the FGD system supplier are outlined below:

Must demonstrate that he has similar systems (i.e., limestone/forced
oxidation/gypsum) in operation with good results (i.e., SO, removal, reliability,
operability, end product quality, guarantee compliance, etc.) over a reasonable
period of time (i.e. years) and under similar conditions (i.e., flue gas volume per
absorber, sulfur in coal, removal efficiencies, chlorides, etc.).

The Supplier should provide a minimum of 3 reference facilities each of which
having been in operation for a minimum of 2 years.

The Purchaser should undertake a very close examination of each offered
reference facility and comparison of it to the specific circumstances especially for
key process parameters.

Personnel references should be requested for all reference facilities at both the
home office and plant level and these should be contacted and at least one
reference plant should be visited.

A project execution statement should be submitted by each supplier which
describes in detail the personnel who will be responsible for the project, the
location for project execution and how the field activities will be planned and
coordinated.

Implementation of these guidelines will ensure that the supplier has experience in designing and
constructing facilities similar to that to be offered, that these reference systems are presently

performing in

a satisfactory manner and that the Supplier has a well developed plan for project

execution here in Korea.

PROCESS DESIGN CONSIDERATIONS

9253-01/FGD/09/20/94

It is of utmost importance that the process design and sparing philosophy
of the selected system be proven and adequate for the specific
circumstances of the project.

Minimum process design parameters and minimum redundancy
requirements should be provided to the FGD system supplier, but specific
details of any suppliers proprietary design should be left out of any
specification.

The final process design should be checked with a process design
specialist to ensure adequacy.
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Before discussing process design parameters and equipment selection, the key components of a
wet flue gas desulfurization should be reviewed. The FGD system is composed of a number of
independent subsystems each of which must operate reliably if the overall system is to perform
in a satisfactory manner. These subsystems may be classified as:

Flue Gas Handling
Absorber

Reagent Preparation

Product Dewatering
Wastewater Treatment
Utilities (Air, Water, Steam)

The process design features and the sparing and redundancy philosophy will have a major impact
on the performance and reliability of the FGD system.

Process design and sparing and redundancy philosophy for a wet scrubbing system is described
below:

Redundancy/Reliability Considerations

The overall reliability of the FGD system will be a function of the reliability of the key system
components as well as the redundancy, or equipment sparing philosophy, incorporated in the
system design.

Early wet flue gas desulfurization systems featured multiple absorbers for a single boiler,
frequently incorporating one or more spares. This design feature assured that the critical
components could be maintained even when the boiler was in operation and was considered
necessary because many absorber systems did, in fact, require frequent maintenance. Today,
single train absorber systems with capacities as great as 700 MWe are in service and have
demonstrated extremely high reliability.

This improvement in absorber performance is the result of improved process design, better
selection of materials of construction and superior mechanical features.

For certain critical subsystems, sparing of equipment has become a standard feature of all FGD
systems. These include:

u Service and Instrument Air

= Oxidation Air Blowers

" Reagent Supply Pumps

. Water Supply Pumps

u Absorber Slurry Circulation Pumps
. 9253-01/FGD/09/20/94
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Failure of any of these subsystems will result in failure of the FGD system to operate (or to
meet required emission standards). To compensate for the higher cost associated with the
additional equipment, these subsystems are sometimes sized to serve multiple boiler systems.

An additional subsystem redundancy issue is the option of utilizing intermediate storage capacity
(tank storage), to serve as a feed or product buffer versus the use of spare standby equipment
to prepare feed or process product, when the operating component is out of service for
maintenance. A reliable supply of limestone slurry reagent, for example, could be achieved
either by providing a large tank of reagent slurry (24 hours) or by providing 2 x 100% reagent
milling systems. In the latter case a much smaller reagent supply tank would be required.

In some cases the decision regarding subsystem sparing is related to the component sizing or
capacity requirements. Where a wide variation in fuel sulfur content is possible for example,
equipment may be sized for the average or normal condition while spare equipment is activated
during operation with the maximum sulfur fuel. When this type of design is utilized, careful
consideration should be given to intermediate tank storage capacities.

Experience teaches us that for large capacity stations (multiple large boilers) firing high sulfur
coals it is usually impractical to provide sufficiently large storage capacity and spare equipment
is a more practical approach (3 x 50% subsystems for example). At the other end of the
spectrum, for a smaller unit firing low sulfur coal, the reagent and product processing
requirements are small and oversized equipment (1 x 200%) combined with sufficient storage
capacity is a more practical as well as a more economical approach.

Process Design Parameters

It is frequently desirable to specify minimum process design parameters in an attempt to ensure
that the system design will perform as required. For a typical spray tower absorber for
example, design parameters might include the following:

L/G

Velocity

Disengaging Heights

Liquid (Slurry) Residence Time
Oxidation Air Stoichiometry

Spray Coverage/Tray Design
Presaturator (Quench) for Tray - L/G
Use of Additives

Limit Liquid (Spray) Carryover

When specifying requirements for other key subsystems the following are considered important
parameters:

9253-01/FGD/09/20/94
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Reagent Preparation

= Limestone Grind Size

= System Capacity, TPH
= Slurry Storage Capacity
u Sparing Philosophy
Dewatering/Disposal

System Capacity, TPH
= Slurry Storage Capacity
= Sparing Philosophy

Reheat

Degree of Reheat Required
= Type of Reheater

A key element in the design and evaluation of FGD systems is the Suppliers required system
performance guarantees. These guarantee requirements, in addition to system reliability and
availability have a significant influence on the design of the system. Typical FGD system
guarantees are described below:

Owner Specified Guarantees

System Capacity

SO, Removal

SO, Emission Rate
Particulate Emission Rate
Absorber Mist Carryover
Stack Exit Temperature
Gypsum Product Quality
Treated Waste Water Quality

Owner Required Guarantees

= Reagent (Limestone) Consumption

. Electric Power Consumption

= Fresh Water Consumption

. Other Utility Requirements
9253-01/FGD/09/20/94
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EQUIPMENT SELECTION CONSIDERATIONS

As a general rule, the experience of the FGD system equipment suppliers is as important as that
of the system supplier. This consideration is of major importance when the systems are offered

in a new market, as here in Korea, and there is incentive to maximize the participation of local
manufacturers.

Equipment Suppliers

A list should be developed of major/critical pieces of equipment that are determined to be
essential for proper system operation and potential suppliers of this equipment should be
subjected to a prequalification procedure including:

. Demonstration of similar experience
n Provision of personal references

The finalized list of acceptable equipment suppliers should be provided to the FGD system
supplier with instructions that alternate suppliers will be accepted only if they meet the same
criteria as those on the list.

Proper design of equipment to be provided for wet FGD systems must address the following
problem areas:

Corrosion
Abrasion
Pluggage
Warpage
Deposits

EQUIPMENT SELECTION

The corrosive and erosive environment present in wet FGD systems makes it of utmost
importance that a list be developed of major/critical pieces of equipment that are determined to
be essential for proper system operation and that a careful determination be made relative to
minimum equipment design parameters, materials of construction and qualified suppliers.

Materials of Construction

Failure of materials of construction to perform satisfactorily can almost always be traced to
improper selection of the material, improper installation or both. Even before material selection
options are considered however, it is necessary to characterize the environmental conditions
existing in the specific area of the system. The anticipated conditions should be evaluated for
each new project.
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Material of construction options range from carbon steel protected by a corrosion resistant
coating (rubber, vinyl or polyester, glass block) to corrosion resistant alloys (stainless steel,
nickel based alloys) to solid fiberglass (FRP). More recently, in an attempt to reduce capital

costs, corrosion resistant alloy plate has been clad or welded (wallpaper) over a carbon steel base
material with generally good success.

It should be pointed out that even now, after many years of testing and evaluating materials for
FGD service, unexpected failures occur because of unanticipated environmental conditions within
the system. Further, since improper installation of lining systems and welding of alloys has
frequently been identified as the cause of failure of materials in FGD systems, it is key that
suppliers of FGD systems be required to identify who will install these materials and how they
will be trained and supervised.

It should be obvious that the selection of materials for the flue gas/absorber system is most
critical since these areas cannot be maintained while the FGD system is in service.

Experience has indicated that one of the most critical components of the SO, absorber,
independent of the type of contactor is the mist eliminator.

Horizontal or Vertical Mist Eliminators are Acceptable
Specify Acceptable Manufacturers

Specify Material and Key Parameters

Shape and Sparing (Minimum Requirement)

Specify Required Performance (Droplet Entrainment)

Other major mechanical equipment associated with a wet FGD system are as follows:

Dampers

Slurry Pumps

Agitators

Limestone Grinding Systems
Lime Slakers

Flue Gas Fans

Material Handling/Conveyors
Hydroclones

Vacuum Filters

Reheaters

Dust Collection Systems
Valves

9253-01/FGD/09/20/94
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EGD Dampers

Dampers act as valves in flue gas ductwork and are generally utilized in two types of
applications:

Isolation
n Control

Depending on the specific ductwork arrangement and the system performance requirements, the
dampers may be installed in a variety of locations:

System Inlet
System Outlet
By-Pass

Fan Inlet

Fan OQutlet

Operating conditions differ significantly from location to location and careful consideration must
be given to selection of materials of construction.

Two types of dampers have generally been applied to FGD system ductwork-Guillotine Dampers
(Isolation Only) and Louver Dampers (Single or Double Louver) for both the control and
isolation applications. Key design parameters to be specified when purchasing dampers and
problem areas normally encountered in FGD damper systems are summarized below.

Drive sizing

Materials of Construction

Material Thickness (Deflection Criteria)
Seal Air System Sizing

Undersizing of damper operators, drive shafts and chains have lead to the inability to close or
open dampers when required. While this deficiency is primarily related to guillotine dampers
it is also an important consideration for louver dampers.

Potential for corrosion must be considered when specifying damper materials. Corrosion of key
damper components (frames, blades and especially seals) can result in damper leakage and repair
or replacement results in significant system downtime. Structural design criteria for these same
damper components must also be properly selected.

An appropriate supply of sealing air must be provided to ensure dampers do not leak flue gas.
Fan design criteria is a key component in the specification.
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Rotating Equipment

Rotating equipment critical to the performance of FGD systems include

Pumps (especially slurry pumps)
Agitators

Limestone Grinding Equipment
Fans

Air Compressors

and in most cases manufacturers have developed equipment specifically to serve the FGD
industry. A general approach to specifying rotating equipment is:

Specify Acceptable Manufacturers

" Investigate Service/parts Organization to Ensure Field Support

Specify Acceptable Materials of Construction

- Especially Important for Wetted Parts

Specify Operating Limits

= RPM

. Vibration

= TIP Speed

Do Not Over Specify. Utilize Manufacturers Standard Wherever Possible

Ensure Adequate Design Margin for Drivers (Gearbox, Motor)
Key design parameters to be considered when purchasing pumps are appropriate pump sizing,
materials of construction, especially for slurry pumping, and the type of shaft seal system
selected. Pump impeller failure will be reduced or eliminated by limiting rotation or tip speed
and by utilizing wear resistant materials. Selection of mechanical shaft seals, eliminating the

requirement for seal water, significantly improves system reliability and operability.

Design parameters and problem areas associated with agitators are similiar to those encountered
with Pumps.

9253-01/FGD/09/20/94
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FGD Fans and Blowers

Where the FGD system is drafted by flue gas booster fans in series with the boiler ID fans, fan
specifications should be similar to those applied to the ID fans. Care should be taken that the
booster fan sizing (capacity and head) is compatible with the boiler ID fans.

Where consideration is given to the utilization of a "wet" booster fan, installed downstream of
the FGD absorber, considerable attention must be given to materials of construction, on stream
fan washing and the potential for increased droplet carryover into the reheater system.

For other Blower and Compressor requirements, standard specifications may be utilized.

Other FGD Equipment

Development of specialty equipment for FGD service is still continuing as suppliers work to
improve equipment performance and reliability. Improvements have been made in gypsum
dewatering equipment, reheater systems, specialty control valves, piping, etc. It is important
to verify manufacturers claims, however, that the improved equipment item has actually been
demonstrated in FGD service.

CONCIUSIONS
The air pollution control industry has developed highly reliable wet flue gas desulfurization

systems for use with coal fired utility boilers. System purchasers can ensure a quality system
by:

. Purchasing from an experienced system supplier.

n Ensuring the system provides adequate process design margins and equipment
redundancy.

u Specifying equipment and material with demonstrated performance in similar
FGD service.

Applying this approach will minimize operation and maintenance problems and will achieve the
goal of a highly reliable system.
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L BACKGROUND

Wet scrubbers, for removing SO, from fossil fueled boiler stack gas, have been operating successfully
for over 22 years. There have been many improvements during these years. Today there are over 1000
wet scrubbers removing, in total, millions of tons of SO, to improve the air we all share.

There are many wet scrubber processes that can remove SO, effectively, producing ammonium sulfate,
calcium sulfite, or mixtures of calcium sulfite and gypsum. This paper will focus on the limestone
forced oxidation (L.S.F.O.) process which makes gypsum, because this process is being used almost
exclusively today for wet flue gas scrubbing.

To control the buildup of gypsum solids in the wet scrubber, part of the slurry in the scrubber must be
purged. Every kilogram of SO, gas scrubbed out of the flue gas must be matched by 2.75 kilograms of
gypsum purged in the slurry bleedoff.

This paper discusses the options for dewatering the gypsum solids and preparing the brine slurry for
discharge. In a minority of cases the power plant is located near large open areas suitable for ponding
the scrubber bleedoff. This and other related gypsum stacking procedures are largely civil engineering
projects involving impermeable clay and polymeric lining of the pond area, diking procedures, and
pumping. These can be an inexpensive alternative to mechanical dewatering, but may involve long term
risks, such as regulatory and environmental problems, and ponding does not fit for re-using the gypsum
in cement or wallboard manufacturing. This option of ponding will not be addressed in this paper.

EIMCO has installed equipment in over a hundred power plants over the past 20 years in a variety of
FGD wet scrubber applications. Information from these installations is stored in a computer database at
our headquarters in Salt Lake City, Utah. The database includes operating results and lab data for
thickeners, hydrocyclones, vacuum drum filters, horizontal vacuum belt filters, and filter presses. This
database is very important for choosing the best process flow sheet and sizing the equipment for new
plants.

The purpose of this paper is to compare the various options for mechanically dewatering FGD gypsum
and then explain the most cost effective treatment of the brine for discharge as wastewater.

IL. T ED D

A. BASIC FLOW SHEET OPTIONS

Figure 1 below, shows the main options to consider for handling bleedoff. Each box represents a
process step and several different kinds of equipment could be considered for each step. For
example, the first stage dewatering could be hydrocyclones or a gravity thickener. The second
stage dewatering could be a basket centrifuge, a rotary drum vacuum filter, a horizontal belt
filter, or even a filter press. The distinction between primary and secondary dewatering is that
primary dewatering delivers a typically 40-50% solids slurry, but not the friable cake, expected
from secondary dewatering.
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KEY PRINCIPLES OF DEWATERING THAT AFFECT PERFORMANCE
1. Primary Dewatering

Primary dewatering equipment such as hydrocyclones and thickeners typically cost less than
secondary dewatering equipment per ton of solids processed, because the primary equipment
doesn’t have to fight the laws of diminishing returns attempting to make very dry cake. The
typical FGD gypsum flow sheet will have the lowest capital cost if the dilute scrubber bleedoff is
first concentrated to 50% by a primary dewatering step. This allows the more expensive
secondary dewatering equipment to be sized smaller, resulting in overall cost savings.

However, the extra costs of two processes in series with all the attendant piping, controls, and
operator attention make a strong case for considering one single step for dewatering. Figure 2
below, shows how much water must be removed from a kilogram of gypsum solids at various
feed slurry concentrations to produce a final cake with 10% moisture. It is easy to see that the
amount of water to be removed doesn’t drop very much above a feed concentration of perhaps
25% solids. In fact, the filtering time to reach 10% cake moisture is almost the same for 25%
feed as 50% feed solids in a typical gypsum slurry bleedstream.
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EFFECT OF FEED CONCENTRATION ON FILTRATE
PRODUCTION ASSUMING 10% FINAL CAKE MOISTURE

KG WATER REMOVED/KG SOLIDS
3
T
-

WT% FEED SOLIDS
Figure 2

Based on filter sizing as the sole criteria, for disposal grade gypsum it is doubtful that costs for
primary dewatering can be justified above 25% scrubber bleed slurry solids. However, to make
wallboard grade gypsum byproduct, primary dewatering may be needed to remove fly ash,
limestone inerts and gypsum fines that would otherwise affect the color and water porosity of the

gypsum.

For disposal grade gypsum using rotary drum filters, a minimum of 30% solids is needed to
prevent classification of solids in the filter tank. With dilute slurry feed the finest fraction will
be first to form a cake on the filter cloth. This tends to blind the cloth or at least slow the
filtration rate for the rest of the cycle. Use of a primary dewatering step raises the feed to 50%
solids, a concentration which does not stratify enough to affect filter performance.

The most common primary dewatering flow sheet for FGD gypsum uses hydrocyclones because
of the compact space requirements compared to gravity thickeners. However, hydrocyclones
provide no emergency storage. To provide this storage capacity, a large tank and mixer must be
added. This equalizes the space required for both options, but a high speed mixer in a storage
tank will shear the gypsum crystals, whereas the rake in a thickener moves very slowly with
minimal crystal breakage.

Since a thickener does not create high shear, polymers can be used to flocculate the solids and
increase settling rate dramatically. During upsets, or emergencies, polymer can be fed to the
thickener to allow double the design flow. The high shear in hydrocyclones prevents use of
polymers. So in high flow emergencies performance will decline.
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2. Secondary Dewatering

Secondary dewatering to reach a friable cake at 10-15% moisture requires a differential pressure
to push the excess slurry water through the cake. This pressure is of course important in
determining the rate at which the liquid will flow through the cake, but porosity, thickness, and

liquid viscosity are also important. The graphs below show the impact of some of these factors
on cake filtration rates and final moisture.

The first graph (Figure 3) shows the effect of particle size distribution and dry time on gypsum
cake moisture. Fine particles fill the voids between larger ones and restrict the rate of water flow
in the cake. The modified fineness modulus (MFM) is a ratio of the weight passing 5, 10, 15,
and 20 microns divided by the total sample weight. This formula gives a 5 micron particle more
weight in the calculation because it would be measured four times.

Cake Moisture vs Dry Factor
LSFO: Particle Fineness Correlation

40%
R c
o\§° 30% MFM
o o
_.§ 50% 1= o 1‘;49
= 0.50
Lol A 0.35
O o
0% _ , , 0.14
0 0.25 0.5

Dry Factor (time area/mass)

Figure 3

The second graph (Figure 4) shows the effect of cake temperature on final cake moisture. The
viscosity and surface tension of cake moisture are inversely proportional to temperature. At any
given differential pressure acting across the filter cake the surface tension of the meniscus
determines whether the interstitial cake pore will remain flooded or will empty. Lowering the
surface tension causes more of the pores to empty. For gypsum slurry, using hot instead of cold
water to wash the chlorides out of the cake can reduce the final moisture from 10% to 8%.
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Cake Moisture vs Dry Factor
LSFO: Wash Temperature Correlation
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Figure 4

The cake thickness also affects filtration rates and final cake moisture. In general, the filter
should be run as fast as possible to maximize throughput and minimize moisture. The practical
limit on filter speed is the thinnest cake that can be effectively discharged. However, filter cloth
wears out as a function of the number of filter cycles so a balance must be struck between filter
cloth replacement frequency and throughput rate.

R DEW

CHEMICAL COMPOSITION OF BLEED SLURRY

1. Fuel Quality - Fuel quality is the most fundamental influence on slurry bleed off
chemistry. High sulfur fuel results in a high SO, flue gas and rapid gypsum crystal growth in the
scrubber. This can mean crystals with lower length to width (aspect) ratios which filter better. It
can means shorter residence time in the scrubber slurry which means less time for abrasion and
fines production.

Chloride content of the fuel also translates into scrubber slurry chlorides concentration.
Chlorides are the most damaging for aggravating corrosion rates of any wetted parts of the
scrubber system and chlorides must be washed out of any gypsum used in wallboard
construction.

2. Alkali Qualijty - This is the next most important factor affecting bleed off chemistry. In
particular, the inert components of the alkali have a major effect. Gypsum precipitation in the
scrubber must be controlled by maintaining the saturation index (K) below 1.3 to prevent
indiscriminate gypsum precipitation every where in the scrubber system. Below 1.3 soluble
gypsum will only precipitate on gypsum crystals. Inerts from the limestone alkali source
therefore won’t grow. When these inert fines exceed 10% of the solids, they reduce the filtration
rate and raise cake moisture.
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3. Makeup Water Quality - Makeup water quality has a minor influence, but there is one
limitation. Some plants use sea water or brackish water as makeup for the scrubber. The high

chlorides this creates in the scrubber can cause corrosion problems.

4. Process Additives - Slurry pH buffers such as DBA (dibasic acid) or formic acid enhance
SO, removal efficiency. The effect on slurry dewatering properties is small but favorable. The
impact is the same as increasing the flue gas SO, content slightly.

5. Oxidation Ratio - Oxidation ratio has a tremendous effect on slurry dewatering
properties. Fortunately most LSFO systems have no problem injecting sufficient air into the
scrubber slurry to oxidize at least 99% of the sulfite to sulfate, so the sharp decline in dewatering
properties at lower oxidation ratios is normally a non issue.

B. MECHANICAL CONFIGURATION AND PERFORMANCE FACTORS
1. Particulate Collection Efficiency - This is very important. Wet scrubbers are very good

at capturing fly ash particles 10 microns and larger and are still quite good as small as 5 microns.
If the upstream particulate removal ESP or bag house is not efficient or poorly maintained, the
scrubber can collect a heavy load of fly ash. Gypsum does not precipitate on the fly ash so these
fine particles build up in the scrubber slurry and reduce filtration rate and raise cake moisture.

2. Gypsum Particle Abrasion - This is a function of scrubber system geometry and

retention time. In spray tower scrubber systems, the recycle pump impeller tip speed and spray
nozzle velocity create high shear. Particles collide with each other and with the inside walls of
the recirculation system and create fines.

Some systems have been designed with storage for bleedoff ahead of or after the hydrocyclones.
Such tanks, designed for up to 24 hours storage, with high speed mixers to prevent settling can
create a lot of fines that hurt dewaterability of the gypsum. Wherever possible such tanks should
be off-line and empty during normal operation and only used for emergencies.

3. Recycling Fines Back to the Scrubber - This is normally a minor factor. Fine particles of

gypsum will grow in the scrubber and the concentration of gypsum particles must be maintained
in order to keep the saturation index under 1.3. However, in some systems the high shear may
create too many fines so that none of the crystals can reach normal size. For example in a
system using low sulfur coal with a high liquid to gas (L/G) operating ratio, the large number of
fine particles only get to grow a small amount on each pass, but are subjected to high abrasion on
each pass. In effect they can be breaking as fast as they grow.

One way to reduce the fines in the scrubber a small amount is to route the hydrocyclone
overflow to a small clarifier where polymer can be fed to agglomerate and settle the fines before
the liquid is recycled back to the scrubber. This option is shown in figure one. The clarifier
underflow will be difficult to dewater and should not be blended back with the gypsum slurry
that is being dewatered to a friable cake. This clarifier underflow should be routed to a new filter
press or some other waste treatment sludge dewatering system located elsewhere in the plant.

IV.  SCRUBBER BLEEDOFF SLURRY CHARACTERISTICS

Figure 5 below shows a typical analysis of scrubber bleed slurry along with a range of analyses from
other systems that are “normal” for those systems.
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One important point to note is bleedoff slurry pH. By the time the slurry reaches the dewatering systems,
the nominal excess of limestone has been able to restore a neutral pH in equilibrium with the SO, . This
is a big help for materials of construction of the dewatering system.

SCRUBBER BLEEDOFF SLURRY ANALYSIS

IXPICAL NORMAL” RANGES

Suspended Solids (%) 15 4-30

Mean Particle Diameter (microns) 40 25-70
Fineness Modulus (microns) 20 10-40
[Particle size at which smallest 20% will pass]

Chlorides (mg/liter) 10000 5000 -70000
Oxidation ratio - SO4:S03 (%) 99 90- 99

pH 6 55-7

Eigure 5
V. L FF RR W EM PERFORM E

A PRIMARY DEWATERING HYDROCYCLONES

Typical hydrocyclone performance on the feed slurry shown above in Figure 5, is listed below in Figure
6. A more precise particle size split, or a higher underflow solids could be achieved with a higher
pressure at the entrance to the hydrocyclones or by using a smaller diameter hydrocyclone. However for
most installations, the cost for higher pressure systems, or smaller hydrocyclones is not justified.

TYPICAL HYDROCYCLONE PERFORMANCE
Underflow Solids (wt %) 40-50
Overflow Solids (wt %) 3-6
Capture of +40 microns particles in underflow (wt %) 295
Differential Pressure Across the Hydrocyclone (bar) <2
Figure 6

B. SECONDARY DEWATERING

Typical performance shown in Figure 7 below, like the primary dewatering step can be whatever the
customer wants, but better performance will cost more. For example, the size of a vacuum belt filter to
produce 10% moisture could be double the size of a filter to handle the same tonnage at 15% moisture.
The cost increase is even steeper for the next improvement from 10% to 5%. If a wallboard company
wants 10% gypsum moisture, asking the utility to guarantee 8% in order to have a safety factor will
increase the gypsum dewatering cost unnecessarily. A typical secondary dewatering system has spare
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capacity or high temperature wash water available to improve performance for upset conditions in order
to consistently maintain the specified moisture.

TYPICAL SECONDARY DEWATERING PERFORMANCE TARGETS

Cake Solids (%)
Chlorides (mg/liter)
Color

Particle Size
Filtrate Clarity (%)

Cake Wash Water
(KG Water/KG gypsum)

DISPOSAL WALLBOARD
82-85 90-92

No spec <100

No spec Off-white

No spec < 10% passing 10 micron

0.2 0.2
Not needed 0.25
(2 displacements of cake brine)

Figure 7

VI. COMPARISON OF EQUIPMENT OPTIONS
FOR DEWATERING GYPSUM SLURRY

A, PRIMARY DEWATERING OPTIONS

Figure 8 below is a tabulation of the differences between a thickener and hydrocyclones. Both work so it

is a personal choice.

operating differential pressure

EVALUATION BASIS HYDROCYCLONES THICKENERS
Floor space required Low unless underflow storage is High

required, then equal to thickener .
Power consumed Low but 2X thickeners to create Low

Thickener underflow storage

None - extra tank required with mixer
for emergency

Yes, but recycle underflow to
inlet to control rake torque

thickeners

Underflow density As desired to 60% by changing apex | As desired to 60%. Adjustable
nozzles by underflow pump speed

Overflow clarity Operates only as a classifier Design to clarify or classify.
-10 micron fines in overflow Add polymer to improve clarity
Can’t use polymer

Maintenance Low. Some cleaning of plugged Very low
nozzles Lube drive, pump seals,
Replace valve and pump seals Instrument calibration

Capital Cost With storage tank, cost similar to

Figure 8
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B.  SECONDARY DEWATERING

The tabulation in Figure 9 below is a comparison against rotary drum filters as a base-case. The
horizontal belt filter category includes a sub-category for horizontal indexing cloth filters which have
been popular recently because of low capital cost. Filter presses are not used unless the cake is too wet
with basket centrifuges or vacuum filters.

COMPARISON OF SECONDARY DEWATERING OPTIONS

Basket
Evaluation Basis Base Case RVF | Indexing Cloth HBF Filter Press Centrifuge
Cake Solids (%) 89 92 92 92 93
Cake Wash Fair Excellent Excellent Fair Excellent
Hi-Fines Cake Poor Fair Fair Good Poor
Feed Solids (%) 30-50 15-50 15-50 30-50 5-50
Operating Mode Contin. Batch Contin. Batch Batch
Operator Attn. 100 125 100 200 50
Maint. Time 100 - 125 75 125 75
Maint. Skill 100 100 100 100 200
Power Consumed 100 150 120 100 300
Floor Space 100 300 200 200 200
Equipment Cost 100 100 125 100 200
Installation Cost 100 150 125 125 175
Best Advantage Cap. cost Cap. cost Maint. time | Works when | Dry cake
Simple Cake wash Continuous | others fail Good wash
Continuous Cake wash | Cap. Cost Feed solids
Biggest Dry/form fixed Waste power Cap. Cost | Batch Cap. Cost
Weaknesses ratio Batch High Install Cost
Cake wash Floor Space . Operator Power
Cake solids Maint. Time attention Batch
Maint. Time | High skill
maint.

Figure 9
Some of the conclusions apparent from Figure 9 are as follows:

Rotary Vacuum Drum Filters
e This is the best option for disposal grade gypsum. Why look further
e Cloth blinding is a correctable weakness.
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VII.

A.

Indexing Cloth Fil

¢ Low capital cost, simple construction, proven on small machines

¢ Achieves process performances of HBF filters

¢ Batch process means wasted power every 10 seconds to break vacuum,
e Batch process means higher maintenance and down time.

e Bigger filter required to compensate for dead time

Hori | Belt Fil

¢ Trouble free heavy duty machines, do everything well
e Best choice for wallboard grade gypsum
¢ Proven on installations over 100 M" in the worst abrasive, corrosive applications to be found.

Filter Press

*  When other devices can’t meet the cake moisture, this 100 year old product will do the job.

e Newer automated designs are still batch cycles with higher maintenance downtime and
operator attention

Basket Centrifuge

¢ Produces driest cake, excellent washing, no operator attention, low down time

¢ Has glaring problems with power consumption, capital cost, installation cost, high skill
maintenance requirements

e Does not handle gypsum with high fines content well

T EAT ND PRINCIPLES

F ERVI

Volumes have been written on the corrosion problems of scrubbers, because of the high chlorides, in
combination with low pH, wet/dry surfaces, locally high temperatures, etc. But, once the bleed slurry
containing even a token amount of excess limestone leaves the scrubber environment the pH rises and
there are no more hot spots to worry about. This greatly reduces the magnitude of corrosion problems
for the dewatering equipment.

The EIMCO HBF design was developed in abrasive, corrosive applications in chemical and minerals
beneficiation such as phosphoric acid gypsum dewatering. Page 1 of the Appendix is a functional
process of an HBF that shows how it works. The G.A. drawing on Page 2 of the Appendix shows more
details of construction.

Typical wetted parts in contact with slurry are:

Feed box and Wash Boxes - FRP or polypropylene

Eilter Cloth - Polypropylene for small units,
Specially coated polyester for larger  units.

Rubber Drainage Belt - Polyisoprene is fine for FGD,
Optional EPDM, chlorobutyl or other grade at higher cost.

VYacuum Box - DIN 1.4539 - 904L steel is fine for FGD,
Optional FRP or rubber covered steel available at higher cost.
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Yacuum Hoses - Flexible non-collapsing rubber vacuum hoses drain filtrate from the vacuum
box to the manifold

Yacuum Manifold - FRP

Yacuum Recejver - Rubber lining has been used successfully for years in FGD, Optional FRP is
available at extra cost.

Filtrate Pump - DIN 1.4539 trim is standard for FGD
B. VACUUM PUMP SEAL WATER RE-USE

A typical P&ID for an HBF system is shown with several options on Page 3 of the Appendix. The first
of these options is seal water re-use. This simple system starts with a tank to collect the seal water
exiting the vacuum pump. The recovered seal water is piped back to the vacuum pump to be reused
instead of discarded. This recycling heats up the seal water which raises the vapor pressure and reduces
the vacuum pump capacity. Some seal water at 50-60° is bled out of this loop to be used as cake wash
and cloth wash. Fresh cool makeup water replaces this bleedoff from the seal water system. This
controls the water temperature which in turn prevents loss of vacuum capacity. The warm seal water
used as cake wash helps reduce the cake moisture for wallboard grade gypsum to as low as 7-8%.

C. CLOTH WASH WATER SOLIDS RECYCLE

This is another of the options shown on the P&ID in the Appendix. Spent wash water, at times
containing as much as 20-30% gypsum solids is pumped back up on top of the filter into a distribution
box. This recycles the cloth wash solids on top of the cake. There is no reason to send these solids any
where else.

D. FILTRATE RE-USE FOR CLOTH WASH

Spray nozzles for washing the cloth cannot tolerate the 2000 Mg/Liter suspended solids concentration
that is typical for most filter applications. Using a tighter filter cloth cannot reach the clarity needed for
spray nozzles. A tighter cloth becomes a major problem for blinding and requires even higher pressure
spray nozzles which plug even more.

The solution is to install dual automatic backwashing cartridge filters that will clean the filtrate enough
to minimize spray nozzle plugging.

E. AUTOMATIC CAKE THICKNESS CONTROL

Ultrasonic cake thickness detectors are excellent non-contact sensors to control a variable speed drive
motor that will maintain the optimum cake thickness setpoint. This assures the best cake moisture and
throughput balance without operator attention.

F. HBF SIZING STRATEGY

HBF’s evolved over the past 30 years from very demanding abrasive corrosive applications. Operations
in phosphoric acid gypsum take place at temperatures of 95°C and slurry pH below 1. Belt speeds are up
to 45 meters per minute and cakes can be 7-8 CM thick. HBF’s are operating at 120 M? filter area. The
application of HBF’s in FGD is relatively simple and low stress. Reliability is very high.
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This means HBF’s do not require a lot of backup in FGD service. During the ‘70’s and ‘80’s scrubber
systems were designed with spare units. Today the operating experience of those units shows that those
spares were unnecessary. HBF’s fit the same pattern.

A major part of the cost of an HBF system is the two end modules. The connecting center modules are
by comparison very low cost. This means the cost per unit filtration area decreases as the HBF size
increases. For design purposes the fewest number of largest size units will be lower installed cost than
more smaller units.

VIII. TREATMENT OF SCRUBBER BLEEDOFF WATER FOR DISCHARGE
A. FLOW SHEET SELECTION

The dissolved solids in the scrubber water are continually increasing from the flue gas contaminants,
limestone impurities, and makeup water impurities. The scrubber is designed for a specific level of
dissolved salts so some of this scrubber brine must be purged to maintain the specified salinity and a
total solids material balance.

Figure 1 shows some options for purging these salts from the scrubber loop. One option is a reverse
osmosis membrane that produces a very low dissolved solids permeate to recycle to the scrubber, and a
small but very concentrated reject stream for disposal containing all the salts from the permeate.
Another option is an evaporator that returns a very pure vapor condensate back to the scrubber or another
more valuable use, and produces a dry powder mixture of all the original dissolved and suspended solids
in the feed to the unit. These are sophisticated technologies that may be required for some systems, but
in general are more expensive than treatment of the brine to meet regulatory specs for disposal. This
paper will not review the R.O. system and evaporator system design options.

In many power plants there is one common wastewater treatment system for coal pile runoff, ash pond
overflow, water treatment wastes, boiler cleaning wastes, and even sanitary waste. Scrubber bleedoff
brines may be allowed to be blended with these other wastes so that no new equipment is required for
treatment. This reduces capital cost and the number of operators. However in certain situations dilution
of scrubber bleedoff into the general plant waste treatment system in effect increases the total discharge
of a specific heavy metal at its 'solubility limit. This may be unacceptable to a regulatory authority who
will insist on treatment at the source before dilution.

This paper will focus on scrubber brine treatment “at the source” to meet regulatory limits for heavy
metals. The most popular flow sheets for heavy metals removal are single and two stage precipitation
outlined in Figure 1.

B. SINGLE STAGE PRECIPITATION OF HEAVY METALS

Figure 10 below illustrates the difficulty of removing heavy metals. In this graph there is no single pH at
which all metals will precipitate to an acceptable concentration of the dissolved ions for discharge.
Typically a treatability study helps to define what metals are likely to be present and then focuses on
finding a recipe of additives to improve the removal of metals that do not precipitate well at the
compromise pH.
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For example, a single stage precipitation at pH 8.5 would leave nickel and cadmium in solution at
unacceptably high levels. Treatability tests could show whether a dose of ferric chloride (for nickel) or
an organic sulfur compound (for cadmium) could remove more of these remaining soluble heavy metal
ions in the same step. The family of metals that respond to ferric iron treatment includes arsenic,
beryllium, cadmium, chromium, mercury, lead, and arsenic. Those affected by sulfide treatment include
cadmium, copper, lead, mercury, and silver.

Operating at pH 10 would do a great job of precipitating nicke! and cadmium but other amphoteric heavy
metals like chromium or aluminum will re-dissolve. The biggest complication is sludge volume when
FGD scrubber bleedoff is treated at pH 10 with lime plus sulfur or iron products. Invariably there is a
preponderance of calcium carbonate and sulfate precipitates that get in the way. In effect, regardless of
the heavy metals mix targeted for removal, the resultant sludge is mostly calcium products. This
simplifies treatment equipment because there is a lot of data available for handling calcium based
sludges.

One of the complications of using DBA as a pH buffer in 2 scrubber is the increased lime demand in the
wastewater process. A typical residual of 600 mg/liter DBA in the scrubber slurry translates into a 60-
80% increase in sludge production in the first stage precipitation at pH 8.5.

The cross section drawing, Figure 11 shows a typical reactor clarifier where feed and treatment
chemicals are mixed with recirculated underflow to accelerate precipitation and develop strong fast
settling flocculated solids. The clear supernatent overflows a weir into a discharge launder, while
underflow thickens and is raked to a conical center well feeding the suction of a sludge discharge pump.
Typically the underflow density can vary from 5-30% depending on the mix of precipitates.
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When the mix of heavy metals does not appear to be easily treatable in a single stage precipitation, two
stage treatment is used. Typically a lower 8.5 pH is used in the first stage and is raised with extra lime to
pH 10 for the second stage. Sludge from the first stage normally settles well but second stage sludge
may require twice the clarifier area of the first stage even with good floc formation.

D. SAND FILTRATION TO MEET HEAVY METALS REGULATIONS

Precipitation may decrease soluble metals concentrations to acceptable levels but the clarifier overflow
will still contain suspended solids which include heavy metals.

The easiest step for reducing the clarifier overflow turbidity is a gravity sand filter as shown in Figure 1.
Accumulated solids in the sand bed can be backwashed to a holding tank where most of the solids can
settle out while the clear water is blended back into the filter inlet. When the solids in the backwash
tank build up, they can be pumped to a sludge dewatering system.

E. DEWATERING WASTEWATER TREATMENT SLUDGES TO CAKE

Underflow from the precipitation processes described above for heavy metals removal should not be
blended with the gypsum slurry feed to the horizontal belt filters. This waste treatment sludge is
typically much more difficult to filter and would obviously be incompatible with any process to produce
wallboard grade gypsum.
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The most dependable process for dewatering these wastewater precipitates would be a small filter press
operating at six bar pressure. This sludge could be compatible with hydrocyclone fines collected in a
clarifier for hydrocyclone overflow.

IX. SUMMARY CONCLUSJONS

The dewatering of scrubber bleedoff gypsum is a thoroughly proven technology, whether for production
of wallboard grade gypsum or environmentally responsible land fill. Careful review of the technology
options will show which one is the most cost effective for the specific plant site.

Likewise, a recipe for wastewater treatment for heavy metals removal can be found that will meet local
regulatory limits.

EIMCO has worldwide experience in FGD gypsum sludge dewatering and wastewater treatment.

Contacting EIMCO can be the most important step toward a practical cost effective system for handling
FGD scrubber bleed slurries.
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D. T. O'Dea C.E. Jackson G. G. Elia, Ph.D., P.E.

New York State Electric & Gas Co. Gilbert/Commonwealth U.S. Department of Energy
Corporate Drive-Kirkwood Industrial Park P.O. Box 1498 Pittsburgh Technology Center
P.O. Box 5227 Reading, PA 19603 Pittsburgh, PA 15236

Binghamton, NY 13902-5227

Introduction

The Milliken Clean Coal Demonstration Project is one of the nine Clean Goal
Projects selected for funding in Round 4 of the U.S. DOE's Clean GCoal
Demonstration Program. The project’s sponsor is New York State Electric and
Gas Corporation (NYSEG). Project team members include CONSOL Inc., Saarberg-
Holter-Umwelttechnik (SHU), NALCO/FuelTech, Stebbins Engineering and
Manufacturing Co., DHR Technologies, and CE Air Preheater.
Gilbert/Commonwealth is the Architect/Engineer and Construction Manager for
the flue gas desulfurization (FGD) retrofit. The project will provide full-
scale demonstration of a combination of innovative emission-reducing
technologies and plant upgrades for the control of sulfur dioxide (S0,) and
nitrogen oxides (NOy) emissions from a coal-fired steam generator without a
significant loss of station efficiency.

The overall project goals are the following:

98% S0, removal efficiency using limestone while burning high sulfur
coal;

Up to 70% NOy reduction using the NOXOUT selective non-catalytic
reduction (SNCR) technology in conjunction with combustion
modifications;

Minimization of solid wastes by producing marketable by-products
including commercial grade gypsum, calcium chloride, and fly ash;

Zero wastewater discharge;

Maintenance of station efficiency by using a high-efficiency heat-pipe
air heater system and a low-power-consuming scrubber system.

The demonstration project is being conducted at NYSEG’s Milliken Station,
located in Lansing, New York. Milliken Station has two 150-MWe pulverized
coal-fired units built in the 1950s by Combustion Engineering. The SHU FGD
process and the combustion modifications are being installed on both units,
but the NOXOUT process, Plant Economic Optimization Advisor(PECA), and the
high-efficiency air heater system will be installed on only one unit.

S02 Removal

The SHU process is the only developed wet-limestone FGD process designed
specifically to employ the combined benefits of low-pH operation, formic acid
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enhancement, single-loop cocurrent/countercurrent absorption, and in situ
forced oxidation. In the SHU process, the flue gas 1is scrubbed with a
limestone solution in a cocurrent/countercurrent absorber vessel that does not
contain packing or gridwork. The absence of packing results in a low pressure
drop across the absorber, which decreases energy consumption of the induced
draft fans. The absence of packing also reduces the potential for plugging.
The cocurrent/countercurrent design reduces the overall height of the absorber
vessel compared to a conventional countercurrent design.

The SHU solution is maintained at a low pH by adding formic acid, which acts
as a buffer, to the absorber. Formic acid addition enhances the process in
several ways, including better S02 removal efficiency with limestone, lower
limestone reagent consumption, lower blowdown rate, freedom from scaling and
plugging, higher availability, lower maintenance, production of wallboard
grade by-product, and improved energy efficiency compared to conventional FGD
technologies.

Wich operation at lower pH, the limestone reagent dissolves more quickly.
This means that less limestone is needed, the limestone doesn’'t have to be
ground as finely, and there is less limestone contamination of the gypsum by-
product. Operation at lower pH results in more efficient oxidation of the
bisulfite reaction product to sulfate. Less excess ailr 1is needed for the
oxidation reaction and the gypsum crystals created are larger and more easily
dewatered. Formic acid buffering improves SO02 removal efficiency. Slurry
recirculation rates are reduced, saving both capital cost and energy.
Buffering provides excellent stability and easy operation during load changes
and transients. The process can tolerate higher chloride concentrations,
reducing the amount of wastewater that must be processed. Finally, the
potential for scaling of absorber internals is eliminated, resulting in
reduced maintenance costs and improved availability.

The FGD process will be installed on both units 1 and 2 with common auxiliary
equipment. A single split absorber will be used. This innovation features
an absorber vessel divided into two sections to provide a separate absorber
module for each unit. The design allows for more flexibility in power plant
operations than does a single absorber while saving space on site (a key
advantage for existing plants where space for retrofitting an FGD process is
at a premium) and capital cost compared to two separate absorber vessels. The
absorber shell is constructed of concrete, lined with ceramic tile. The tile
lining has superior abrasion and corrosion resistance compared to rubber and
alloy linings and is expected to last the life of the plant. In addition, the
tile is easily installed at existing sites where space for construction is at
a premium, making it ideal for use in retrofit applications.

Uniform gas flow and slurry spray distribution within the absorber are
important for good gas/liquid contact and high S02 removal efficiency.
Preliminary designs of static flow distribution devices were optimized through
a series of wet and dry gas flow model tests conducted by Dyna Gen, Inc. The
wet testing was especially valuable in uncovering and solving a potentially
serious liquid maldistribution at the transition from cocurrent to
countercurrent flow. Without wet testing, this problem would not have been
discovered until start-up.

The absorbers use two-stage mist eliminators furnished by Munters. Whereas
model DV 210 is used for the first stage in both absorber modules, the modules
use two different second-stage designs. One absorber uses model DV-2130 and
the other uses model T271. Model T271 is the vertical flow type tested by EPRI
and commonly found in US imstallations. DV-2130 1is the Munters-Euroform v-
shaped module design commonly used in European installations. The project will
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provide a side-by-side performance comparison of the two designs.

The design incorporates a new chimney erected on the roof of the FGD building,
directly over the absorber vessel. Each absorber module will discharge
directly into a dedicated fiberglass (FRP) flue. The two FRP flues, along
with a common steel start-up bypass flue are enclosed within a 40-ft (12.2m)
diameter steel chimney. This design saves space on site and eliminates the

need for absorber outlet isolation dampers, which are typically high
maintenance items.

Limestone Preparation and Addition

-

Limestone is delivered to the station by truck. Space is provided on site for
a 180-day inventory. The stone is reclaimed by front-end loader and
transferred by belt conveyor to two 24-hr surge bins in the FGD building. The
limestone is ground and slurried in conventional closed-circuit, horizontal,
ball mill, wet-grinding systems provided by Fuller. The 1limestone is
transferred by weighfeeder from the surge bin to the mill. Clarified water
(recycled process liquor) is also added to the mill. The mill discharges the
slurry to the mill product tank, where it is diluted with more clarified
water. The slurry 1s separated into product and reject fractions by
hydrocyclone type classifiers. The 25% "solids product is transferred by
gravity to either of two 12-hour fresh slurry feed tanks. Redundant,
continuous-loop piping systems are used to transfer the product slurry to the
absorbers from the fresh slurry feed tanks. The reject fraction from the
classifier is returned to the mill for additional grinding. Two grinding
systems are provided, each with a capacity of 24 tph. One mill, operating 12
hours per day, can support the process. Each system is provided with two sets
of classifiers. This allows the production of slurry with two different
particle size distributions, 90% passing through 170 mesh and 90% passing
through 325 mesh. The coarser grind is used during normal operation with
formic acid. The finer grind allows the system to be operated without formic
acid. The limestone preparation/addition system can be aligned as two
independent trains, effectively segregating Unit 1 and Unit 2 process streams.
This feature will enhance the flexibility of the installation for process
evaluation purposes.

Gypsum Dewatering

A bleed stream of recycle slurry is processed for recovery of high quality by-
product gypsum and calcium chloride brine. Water is recovered and recycled
back to the process. There is zero wastewater discharge from the process.
Unlike some competing processes that produce gypsum, the SHU by-product gypsum
will be high grade and of consistent quality, regardless of the plant load
level or flue gas S0, level. The gypsum will be dewatered to 6% surface
moisture and delivered to customers in powder form. The absorber building has
been designed for future addition of agglommeration equipment should market
conditions require agglommerated product,

By-product gypsum solids are withdrawn from each absorber module by the bleed
pumps and fed to primary hydrocyclones where they are concentrated to 25 wt%.
The underflow from the primary hydrocyclones discharges to the centrifuge feed
tanks. The overflow discharges to the secondary hydroclone feed tanks. Two
primary hydrocyclone assemblies are provided. Each assembly can process the
bleed from either or both absorber modules. The feed manifold of each
hydrocyclone assembly has an internal partition which segregates the unit 1
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and unit 2 bleed streams. This feature ensures that the feed rate to each
individual hydrocyclone is constant whether or not the assembly is handling
the bleed from one or both absorbers. In normal operation, the bleed from both
absorbers 1is processed through one hydrocyclone assembly and the second
assembly is a spare. If desired, both assemblies can operate in parallel.

The gypsum solids from the primary hydrocyclone underflow are concentrated to
94 wt% by Krauss-Maffei vertical basket centrifuges. Four centrifuges are
provided, three operating and one standby. The centrifuges are fed from either
of two centrifuge feed tanks through continuously circulating feed loops. The
rubber-lined centrifuges are batch operated and incorporate a washing step to
achieve a residual chloride concentration of less than 100 ppm. The system is
configured to allow segregation of the unit 1 and unit 2 liquid streams. The
centrate is returned to the absorbers through the filtrate tanks. The gypsum
solids are transferred by belt conveyor to 3n on-site storage building. Gypsum
in the 5000-ton capacity storage building will be reclaimed by front-end
loader and ttrucked from the site.

A portion of the overflow from the primary hydrocyclones is processed by the
secondary hydroclones for use as clarified water for limestone preparation,
system flushing, and blowdown to the FGD wastewater treatment system. Gypsum
solids in the underflow from the secondary hydrocyclones and the balance of
the primary hydrocyclone overflow are returned to the absorbers via the
filtrate tanks. Two secondary hydrocyclone assemblies are provided, one
dedicated to each primary hydrocyclone asSembly, maintaining the capability
of segregating the unit 1 and unit 2 process streams.

FGD Blowdown Treatment

The FGD Blowdown Treatment System consists of two subsystems, the pretreatment
system furnished by Infilco Degremont Inc.(IDI) and the brine concentration
system, furnished by Resources Conservation Co.(RCC). The project will be the
first demonstration of the production and marketing of FGD by-product calcium
chloride.

The pretreatment system removes suspended and dissolved solids from the
blowdown stream prior to the brine concentration process. The pretreatment
process consists of the following steps:

1. An agitated equalization tank to balance the FGD wastewater composition
and flow.

2. pH elevation, calcium sulfate desaturation and magnesium hydroxide
precipitation using lime. By elevating the pH to 11.0-11.2, most
heavy metals will be removed. In particular, the high pH will lead to
precipitation of magnesiun hydroxide, leading to a purer calcium
chloride salt product. The use of lime also enchances the removal of
fluoride ion as calcium fluoride.Sludge is recirculated from the
downstream clarifier to aid the desaturation process.

3. Secondary precipitation of heavy metals as more insoluble organosulfides
using the organosulfide TMT.

4. Coagulation with ferric chloride.

5. Dosing of flocculation aid (polymer) to the reactor of the DensaDeg
unit. Metal hydroxide sludges are voluminous and tend to create much
lighter flocs than gypsum sludge. Sedimentation is improved by adding
polymer as a flocculation aid.
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6. Flocculation/sludge densification, thickening, and final clarification
in the DensaDeg unit. The DensaDeg is a three-stage unit comprising a
solids-contact reaction zone, a presettler-thickener, and lamellar

settling tubes in the upper part of the thickener. The water entering the
clarification zone has a very low solids content and the lamellar

tubes serve only to catch fugative particles carried over. Water leaving this
zone has less than 20 ppm solids.

7. Excess sludge withdrawal conditioning with lime, and dewatering with a
plate and frame filter press. The addition of lime in the sludge holding tank
aids the dewaterability of the sludge, allowing a drier cake to be formed, and
also helps stabilize the metal hydroxides.

The brine concentration system processes the effluent from the pretreatment
system through a vapor-compression type falling-film evaporator, producing a
very pure distillate that is recycled to the FGD system as process makeup
water. The system’s by-product salt will be calcium chloride meeting NYSDOT
requirements for use in dust control, soil stabilization, ice control, and
other highway construction related purposes. This material will be Type B
(liquid calcium chloride solution) with at least 33% CaCl,, meeting ASTM D98.

The pretreated FGD blowdown is conditioned with sulfuric acid and an inhibitor
for scale prevention. It is then preheated, deaerated, heated to near boiling,
and fed to the evaporator sump where it mixés with recirculating, concentrated
brine slurry. The slurry is pumped to the brine concentrator (BC) condensor
floodbox where it is distributed as a thin film on the inside walls of
titanium tubes. As the slurry film flows down the tubes, the water is
evaporated. The resulting steam is drawn through mist eliminator pads to the
vapor compressor, which raises its saturation temperature to above the boiling
temperature of the recirculating brine. The compressed steam 1is then
introduced to the condenser where it gives up its heat of wvaporization (to
heat the thin film in the inside of the tubes) and condenses on the outside
of the tube walls. This condensate is collected in the distillate tank,
cooled by heat exchange with the feed stream, and returned to the FGD system.
As the falling film evaporates, calcium sulfate begins to crystalize. The
calcium sulfate seed crystals provide nucleation sites to prevent scaling of
the tubes. Control of the concentration of both suspended and dissolved solids
in the evaporator sump is critical to prevent the precipitation of secondary
salts and the resultant scaling of the evaporater tubes. A side stream of
recirculating brine is processed by a hydrocyclone. The underflow is returned
to the BC sump. The overflow is either recirculated to the brine concentrator
or diverted to the product tank, based wupon its dissolved solids
concentration. A second side stream of recirculating brine is diverted to the
product tank to control the concentration of suspended solids. The 33% brine
product is then cooled and transported to market by truck.

Plant Economic Optimization Advisor

The Plant Economic Optimization Advisor (PEOA) is an on-line performance
support system developed by DHR Technologies, Inc. to assist plant personnel
in meeting the requirements of Title IV of the 1990 Clean Air Act Amendments
and in optimizing overall plant economic performance. The PEOA system will be
installed on one of the units. The system will integrate key aspects of plant
information management and analysis to assist plant personnel with
optimization of overall plant economic performance, including steam generator
and turbine equipment, emissions systems, heat transfer systems, auxiliary
systems, and waste management systems. The system will be designed primarily
for plant operators but will also provide powerful, cost-saving features for
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engineers and managers. The PEQA will automatically determine and display key
operational and control setpoints for optimized cost operation. The system
will provide operators with on-line emissions monitoring and diagnostic
capabilities, along with rapid access to reports and trend information. The
PEOA optimization algorithms will evaluate key data emissions parameters, such
as NO,, S0,, 0,, CO, CO,, CaCl, Carbon in Ash, and Opacity, plus other
operational parameters such as boiler and turbine mixing. The system will
provide "what-if" capabilities to allow users to utilize the optimization
features to evaluate various operating scenarios. In addition to providing
optimized setpoint data, the PEOA system will also provide plant operators and
engineers with expert advice and information to help optimize total plant
performance.

Construction

Engineering and design work for the project began in. January 1992.
Construction started in April 1993, and is on target to begin scrubbing the
first unit in December 1994. As with most FGD retrofit projects, running a
major construction project on a site shared with an operating unit posed
several construction coordination challenges. One of the major drivers behind
the construction plan, in addition to DOE’s commitment to be ready to begin
the demonstration program in June 1995, was the desire to use existing unit
scheduled outages for tying in the FGD systems. This strategy avoids the
project’s causing the station to lose generating time and the associated
revenue. Unit 2 was scheduled for a maintehance outage in late 1994 and Unit
1 in spring 1995. Since only a partial bypass is being provided around the
scrubbers, once a unit is tied in, the FGD system must be operational.

Meeting the unit 2 outage schedule meant installing mechanical equipment as
well as piping, the absorber vessel, and the roof-mounted chimney during the
upstate Finger Lake region winter. It was therefore essential that the FGD
building be erected and enclosed by January 1994, Stebbins’ wunique
construction method, which uses the Stebbins tile liner as the formwork for
the concrete pours, limits the height of each pour to about one ft.
Accordingly, 33 weeks were scheduled for erection of the 108-ft (33m) tall
absorber vessel. This meant that the building steel had to be erected in
parallel with the absorber. To accommodate the associated safety issues, the
initial vessel erection was done on the second shift. The building was
enclosed in time to allow mechanical work to proceed without major disruption
from the unusually severe winter weather.

International Chimney mobilized on site in December, 1993, and began erecting
the stack in January. The 140-ft (42.6m)-tall, 40-ft (12.2m)-diameter steel
shell was fabricated on site in 10-ft (3m) sections, lifted into position by
the 350 ton DeMag, using a 420-ft (128m) boom, and welded in place. The 12-ft
(3.6m) diameter, 227-ft (69.2m) tall FRP flues were shop fabricated in 40-ft
(12.2m) spools, lifted into the shell with the crane and attached with
bell/spigot FRP butt welds. The stack was topped out in May, in time to make
way for erection of the limestone and gypsum conveyors.

System check out and start-up activities will be taking place through the
summer and fall with the first unit coming on line in December. We look
forward to having several months of operating data to present at next year's
Coal Conference.
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INTRODUCTION

Global power generation markets have shown
a steady penetration of GT/CC technology into
oil and gas fired applications as the technology
has matured. The lower cost, improved reliabili-
v and efficiency advantages of combined cycles
can now be used to improve the cost of electrici-
wv and environmental acceptance of poor quality
fuels such as coal, heavy oil, petroleum coke and
waste products.

Four different technologies have been pro-
posed, including slagging combustors,
Pressurized Fluidized Bed Combustion (PFBC),
Externally Fired Combined Cycle (EFCC) and
Integrated Gasification Combined Cycle
(IGCC). Details of the technology for the three
experimental technologies can be found in the
appendix. IGCC is now a commercial technolo-
gy-

In the global marketplace, this shift is being
demonstrated using various gasification tech-
nologies to produce a clean fuel for the com-
bined cycle. Early plants in the 1980s demon-
strated the technical/environmental features
and suitability for power generation plants.
Economics, however, were disappointing until
the model F GT technologies were first used
commercially in 1990. The economic break-
through of matching F technology gas turbines
with gasification was not apparent until 1993
when a number of projects were ordered for
commercial operation in the mid-1990s. GE has
started 10 new projects for operation before the
year 2000. These applications utilize seven dif-
ferent gasification technologies to meet specific
application needs.

Early plants are utilizing low-cost fuels, such
as heavy oil or petroleum coke, to provide eco-
nomics in first-of-a-kind plants. Some special
funding incentives have broadened the applica-
tions to include power-only coal plants. Next
generation gas turbines projected for commer-
cial applications after the year 2000 will con-

tribute to another step change in technology. It
is expected that the initial commercialization
process will provide the basis for clear technolo-
gy choices on future plants.

THE IGCC PROCESS

The IGCC process (Figure 1) relies on two-
stage combustion with cleanup between the
stages. The first stage is called a gasifier where
partial oxidation occurs by limiting the oxidant
supply. The second stage utilizes the gas turbine
combustor to complete the combustion.

Gasrication P * 2 Stage Combustion
Coal - Partial in Gastier
| Caster { x|} Casmo -C m Gas Turbine
sng Gaan ¢ 5 Tochnologies '
f \t Fusl Oxdant Suppry - AF or Oxygen
Gesrficanon -CO+ Hy
el B o
Clsan Up - Sutr
N Comoned Cycle - Advanced F*
egrazon - Synorgy

°F* Combined Cycle + Integration
Makes
IGCC Operable and Economic for Electric Power

GT24138A
Figure 1. Integrated gasification
combined-cycle system

Optimizing the gas turbine/combined-cycle
technology with various gasification systems pro-
vides opportunities for considerable progress,
leading to the use of 25% less fuel than conven-
tional steam power plants.

Advances in gas turbine design, proven in
operation above 200 MW, are establishing new
levels of combined-cycle net plant efficiencies,
up to 55%, and providing the potential for a sig-
nificant shift to gas turbine solid fuel power
plant technology. These new efficiencies can
mitigate the losses involved in gasifying coal and
other solid fuels, and economically provide the
superior environmental performance required
today.
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Efficiencies of IGCC are on a parallel path
with GT/CC development. Figure 2 shows the
industry record and projected improvements.

The new worldwide environmental awareness
is particularly important in today’s choice of
power generation technologies for solid fuels.

70
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Figure 2. STAG combined-cycle efficiency

Gas turbine combined cycles offer the ability
to make a breakthrough for solid fuel applica-
tions in environmental areas (Figure 3). It is
inherently easier to remove hydrogen sulfide
(HoS) from a small, high-pressure fuel stream
than it is to remove sulfur dioxide (SOy) from a
large volume flow, atmospheric pressure exhaust
stream. IGCC technology now provides 98% to

99% sulfur removal, NO, levels as low as natural
gas, and a by-product, non-leachable, saleable
ash, on a demonstrated basis. Reductions in
COgq come from the superior efficiencies.

The production of solid waste by-products is a
direct consequence of the coal combustion pro-
cess. The IGCC designs yield essentially two pri-
mary solid by-products, marketable elemental
sulfur and coal ash in the form of glassy slag. By
contrast, the direct-fired boiler technologies
produce slag and flue gas desulfurization sludge
waste in quantities approximately twice that of
the IGCC totals.

The combustion of coal provides the opportu-
nity for the potential release of a number of
metals contained within the fuel source. For the
directfired technology units, the volatile, inor-
ganic components are concentrated into a fly
ash, which is captured as a solid waste. In the
IGCC process, the majority of these metals is
concentrated into the waste slag.

During the IGCC process, coal ash melts at
the high operating temperatures of the gasifier,
such that the resultant slag product effectively
encapsulates the metals into a non-leachable
form. The concentration of metals in the coal
gas is further reduced to very low levels through
the course of gas cooling and gas treatment pro-
cessing. Test results from recent IGCC demon-
stration plants indicate that Hazardous Air
Pollutants (HAPs) are at least an order of mag-

%ot S0, NO, CcO; Solid Waste Water Use HAPS
125 — —
5 100 | — — — — — — —
75 |
| S0 ]
) l—l
0 F‘ [] m
PC PFBC 1IGCC PC PFBC CC PC PFBC IGCC PC FFBC 1GCC PC PFBC 1BCC PC PFBC 1BCC

GT20844E

Figure 3. Environmental issues drive clean coal technologies
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nitude less than those achievable with fabric fil-
ter baghouse or electrostatic precipitator units.

Particulate emissions from each of the coal
technology designs are effectively controlled
through the combination of cyclonic separation
units and the back end particulate removal sys-
tem for the direct-fired plants. Current IGCC
plants achieve particulate removal from the fuel
gas through a wet or dry solid removal process
and have experienced total suspended particu-
lates (TSP) emission rates at approximately one
third those of comparable pulverized coal (PC)
boilers equipped with a fabric filter baghouse
and flue gas desulfurization.

Currenty in the USA, many states include, or
have orders pending to include, environmental
externality costs as part of new generation siting
evaluadons. The externality values for environ-
mental evaluations vary from state to state and
are generally developed from marginal cost
assessments. A 1993 study derived representative
externality values from current rules for New
York state and California. Figure 4 shows a typi-
cal externality consideration for PC plants,
IGCC and natural gas combined cycles.
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5¢r
|
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IGCC IGCC(Adv) CC CC (Adv) Nuclear

GT23392

Figure 4. Externality comparisons

Based on current and future performance
projections, IGCC plants compare favorably
against direct coal-fired alternatives and will
continue the trend toward conventional gas
fired combined-cycle plant externality values
with further near-term technology advances.

The combination of combined-cycle eco-
nomics and environmental performance, along
with the continued efficiency gains for com-
bined cycles, allows the power plant planner to
make the judgment that IGCC can be viable now
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with competitive efficiencies of 42% to 46% and
will be a significant factor in most future solid
fuels expansion plans, as third generation 48%
to 32% efficiency systems come to commercial-
ization.

Some plans will be dictated by use of a specif-
ic fuel source, while others maiy need to utilize a
variety of fuels. At some sites, the fuel determi-
nation must be made now; but, for many sites
the consideration is for gas use first, with poten-
tial for future conversion to coal. GE combined
cycles can accommodate a variety of coal gas
fuels, allowing many power generators to pro-
ceed with natural gas-fired programs while plan-
ning on back-up fuel supplies using coal or
other solid fuels (Figure 5).

Based on demonstration of high baseload reli-
ability for large combined cycles (98%) and the
success of several demonstrations of Integrated
Gasification Combined-Cycle (IGCC) plants in
the utility size range, it is apparent that many
commercial IGCC plants will be sited in the late
1990s.

GE Company (USA) has received 10 commit-
ments for IGCC plants totaling 2400 MW. These
are used in various applications and include
seven different gasification technologies (Figure
6).

e Bituminous Coal

¢ Sub Bituminous Coal

¢ Lignite

¢ Orimulsion

¢ Residual Oils/Refinery Bottoms
» Petroleum Coke

¢ Biomass

GT23479A

Figure 5. Fuels for gasification

IGCC TECHNOLOGY

It is now clear, in both theory and practice,
that the combined cycle has become so efficient
that it can incorporate the inherent fuel process-
ing losses associated with coal gasification and
still deliver superior cycle efficiency. New gas
turbine combined cycles can operate on clean
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The 1990s versions of IGCC will concentrat
on variations to improve efficiency and lowe
cost through optimization of the variety of pr«

PSI Energy 1895 265 Repower/Coal Destec % b}l) h of ty p,I
Tampa Electric 1996 265 Power/Coal Texaco cesses applicable to each of the subsystems.
' Slera Pacific 1996 100 Power/Coal KRW understand the current state of the art and th
1 TexacoElDorado 1996 40 Cogen/Pet Coke Texaco opportunities for improvement, it is importar
,  SUVIEGT 1996 450 Cogen/Coal Lurgi .
! Shell Pemis 1997 80 CogenHyJOill  Shell to study the subsystems separately.
. TBA 1998 350 Cogen/Oil Shell
' Duke Energy 1668 480 Repower/Coal  BG Lurgi Fuel-Feed Systems
" Delaware 1999 250 Coget/Pet Coke Texaco . .. .
' TAMCO 1989 120 Cogen/Coal Tampella For gas turbine applications, the gasifier
‘ 2,400 operated at a pressure above the turbine fuc
system requirements. Therefore, economic:

GT24143D0

Figure 6. GE IGCC projects

fuel at 55% Lower Heating Value (LHV) net
thermal efficiency while gasification processes
operate from 75% to 90% efficiency. Using 85%
as a nominal figure, a 46% net plant efficiency
(LHV) or 7800 Btu/kWhr (8230 kJ/kWh)
Higher Heating Value (HHV) heat rate can be
built commercially today. Several demonstration
plants at this level are already under way.

1GCC studies show that a variety of options
will dictate gas turbine combined-cycle designs
needed for economic penetration of this tech-
nology (Figure 7). Each of the gasification sup-
pliers combines these options to make unique
systems that are competitive for special fuels.
Combined-cycle suppliers must integrate with
the optimum systems to create an operable and
economic power plant.

and reliable feed systems are an important pa:
of IGCC technology. Fuel type, moisture cor
tent, size and the gasification process all need t
be considered when selecting the system.
Coal feed types include:

* Water slurry feed

* Nitrogen carrier feed

¢ Paste feed

* Lockhopper solids

Any of these may be applicable to an opt
mum solution for a specific fuel and gasifier sy
tem.

Oxidant Systems

Solid fuels can be gasified with air or oxyge
systems to create two different kinds of fuel. Ai
blown gasifiers produce a fuel with low heatin
value, approximately one-eighth the heatin
value of natural gas. Oxygen-blown gasifiers pr¢
duce a fuel of about one-third of natural gz

Alr o
Raw Gas Clean . NOy Emission Steam
; Gasifier Coaling Up &p:;m Control Cycle
' - Texaco - No Gas Cooling - Hot Gas - None - Steam Injectio - Separate
i - Dow (Hot GCL) Clean Up -Standard LP - Fuol Saturation Process
- Shell - Partial -Cold Gas -HP ASU -Nirogen Dilution & Power
-BGL Gas/NyH,0 Clean Up - Partial -ShiftCO = CO;  -Ono Steam
- KRW Quench -Wet or Dry Intograted Cycle
- Prenfio - Complets - Fully - Fuel Gas
- Tampella (Cokd GCU) Intagrated Heating
- Ahlstrom -~ Nz Retum -N;
- Lurgi Saturation
-HTW
-GSP Fuel Misceltaneous
-CE
- MHI
1 - Bituminous Coal - Fuel Gas Expander
: - Sub-Bituminous Coal - Slurty Preheat
- Lignite - Coal Drying Moisturs
- Pstroleum Coke
. - Heavy Oil
- Orimulsion
- Biomass

GT228¢

Figure 7. IGCC options
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]
Table 1 '
TYPICAL COAL GAS CHARACTERISTICS (AT GASIFIER DISCHARGE*) f
Vol. % !
Major Constituents Oxygen Blown  Air Blown E
co 41.20 8.37 |
H, 31.24 25.35 !
CO, 11.00 15.45 ;
N2 1.51 34.15 [
CH, 05 1.68 i
H,0 15.00 15.00 :
" Lower Heating Valus (Btuitd) 219 112 !
(k. cal.m?) 1949 997 !
* Less Sulphur and Ammonia Constituents :
GT203578
heating value. For a specific size plant, this Gasification

means the gasification system and its cleanup
svstem for the air blown must be more than
twice the size of that for the oxygen blown to
accommodate the flow. There is considerable
controversy over whether this additional cost is
balanced by the cost and operation of the oxy-
gen plant. Plant size may be a factor in the reso-
lution of this controversy as the two technolo-
gies mature. For instance, a single train,
oxygen-blown system can be configured for
about 400 MW while air-blown systems may be
limited to under 150 MW per train in shippable
sizes.

Table 1 shows typical coal gas characteristics
coming from the gasifier before cleaning and
moisturization.

There are three classes of pressurized gasifiers
that can be integrated with the gas turbine com-
bined-cycle system (Figure 8). Both the moving
bed and entrained flow gasifiers have been in
commercial service and/or demonstrated at
large scale. The fluidized bed gasifiers are in an
earlier stage of development. There are versions
of each of these gasifiers which can be operated
with either air or oxygen as an oxidant.

The fixed bed or moving bed utilizes:

¢ Steam and oxidant feed countercurrent to

coal

* Coal feed consisting mainly of sized coal

(1/4+)
* Solid and dry ash exit from gasifier (except

slagging type)

SIZED COAL

|
]
i
- GAS c '
= M S |
SIZED COAL OR AIR
—GAS AN Y l
‘ ASH AND '
: UNBURNED i
' CARBON
(RECYCLE)
3 B
——GAS !
sron 7 vl \;J
OXYGEN, l ASH OR AIR ASH AND CHAR SLAG
OR AIR
MOVING BED FLUIDIZED BED ENTRAINED FLOW

- SINGLE STAGE
- TWO STAGE

GT24373

Figure 8. Gasifier reactor types
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* Low-temperature inlet reactants and gas

outlet (<1000 F/538 C) except in the bed

The fluidized bed utilizes:

* Steam and oxidant feed countercurrent to

coal

* Coal feed and flux sized for fluidizing state

¢ Ash exits from gasifier combined with flux

by agglomeration as solid

* Low-temperature inlet reactants (<1000 F/

538 C)
* Gas outlet temperature high (1600-1800 F/
871-928 C)

The entrained flow utilizes:

¢ Steam, oxidant and coal feed together

* Coal fed in finely powdered form

* Ash exits from gasifier in molten form

* Low-temperature inlet reactants

* High-temperature gas outlet and ash (2300-

2800 F/1260-1538 C)

Each of these systems has advantages and dis-
advantages that must be considered for the indi-
vidual application and the type of fuel.

The first large IGCC built in the USA in 1984
used a Texaco oxygen-blown entrained-flow gasi-
fier and a GE 7E gas turbine combined cycle.
The Cool Water plant operated successfully,
demonstrating the applicability of IGCC opera-

tion on a utility power system.

Since the Cool Water program, other gasifier
suppliers have installed similar plants (Figure 9)
and free market competition is helping to drive
the technology into commercial viability.

Dow Chemical Company has built a plant in
Plaquemine, Louisiana. It is the largest single-
train gasifier system to date in the USA at 160
MW. The plant has operated since 1985 on both
sub-bituminous and bituminous coal.

Since 1987, Shell Oil Company has built and
operated a very efficient gasifier at 40 MW
equivalent size which has utilized 20 different
types of coal, including lignite. Shell
International has completed construction of a
250-MW single-train IGCC plant in the
Netherlands. Startup occurred in early 1994.

Texaco, Shell and Dow have all proposed sin-
gle-train gasification systems to match the GE
model F gas turbine.

British Gas-Lurgi (BGL) has operated a 35-
MW equivalent unit since 1975 and a 50-MW
unit since 1981 at Westfield, Scotland, using an
aircraft-derivative gas turbine of lower rating.
Development has been proposed to operate this
plant commercially with a GE design MS6000
gas turbine. The BGL technology has been cho-

Texaco-Cool Water - 1984 - 120 MW

Entrained Flow Wet Feed

Dow-Plaquemine - 1987 - 161 MW

?,"ﬁ" BT T s

Figure 9. Gasifier suppliers
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sen for a 477 MW plant by Duke Energy. This
plant will utilize two GE model F gas turbines for
commercial operation in 1999.

Other gasifier suppliers (Table 2) are working
on their first commercial size plants.

Prenflow has announced a large, 320-MW
project in Spain for mid-1990s operation.

Combustion Engineering has moved into the
field with an advanced version of the atmospher-
ic gasification technology developed in the late
1970s which operated at 12-MW equivalent. The
new version utilizes a dry feed, pressurized, two-
stage, entrained flow, air-blown gasifier.

Fluidized bed gasification technology is being
developed by Tampella (UGAS), KRW,
AHLSTROM and Rheinbraun (HTW). Tampella
and KRW were awarded projects in the U.S.
Department of Energy (DOE) Clean Coal
Technology Round IV. Rheinbraun started work
on a 300-MW plant in Germany utilizing brown
coal for operation in 1996, but the project has
been put on hold.

Lurgi GmbH has been a leader in process
technology providing gasification, fuel gas
cleanup and water treatment systems. They are
working with fixed bed, entrained flow and fluid
bed systems, all envisioned to be compatible
with IGCC systems.

GE gas wurbines can be integrated into IGCC
systems with all of these gasifier suppliers.

GER-3650D

Gas Cooler/Steam Generator

For most gasifiers, the gas exit temperature
exceeds the temperature at which fuel gas is
cleaned. Heat exchangers are needed to cool
the gas and effectively transfer the heat to the
power generation cycle. In order to vitrify the
ash in an inert, crystalline non-leachable form,
the gasification is carried out above the ash
fusion temperature. Then, the fuel gas must be
cooled for cleaning, at least to the point where
alkali metals have condensed (around 1200
F/650 C) or to match conventional sulfur
removal systems at lower temperatures. For gasi-
fiers with high exit gas temperatures, this is nor-
mally accomplished by heat exchangers that
raise steam.

One of the most important economic effects
on various IGCC configurations may be the
arrangement used for cooling the fuel gas for
cleaning and the resultant thermal energy recov-
ery scheme. Several methods are used:

* Radiant and convection heat exchanger

steam generator

* Radiant-only steam generators

* Quench:

- water bath
- recycle fuel gas

* Two-stage gasification and convection heat

exchanger

¢ Feed preheating

Table 2
GASIFICATION SYSTEMS
Coal Feed Onxddant Gasifier Heat Exchange Cleanup
Teaco KO Slurry [o X Entrained Radiant/Convection Wet/Low Temp
or Quench
Dow HO Sturry O Entrained 2 Stage Plus Wet/Low Temp
Fre Tube
Shel N; Carrier Dry O Entrained Recycle Quench & Wet/Low Temp
Convection
BGL Dry [* Foced L.T. Comvwection Only Waet/Low Temp
Prenfiow Dry O, Entrained Radiant/Convection Wotl.ow Temp
Deut. Babcock/GSP Dry O Entrained Radiant/Convection WetLow Temp
Combustion Dry Air Entrained 2 Stage Plus DryfHot
Enginoering Convection
RheinbraunvHTW Dry Alr Fluid Convection DryfHot
Lurgl Dry Ax Fixad - Bed Limestons
Tampeda Dry Ar Fluid Corwection DrymHot
1 MH Dry Ak Entrained 2 Stage/Convection DryfHot
' KRW Dry A Ruid Cornmection DryfHot
Ahistrom Dry A Fluld Convection DryMHot

GT20060L
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Again, the choice is made by the cycle design-
er for the specific case.

Gas Cleanup Systems

Low-temperature systems use equipment that
is commonly used in the. petrochemical industry
with a water spray scrubber or dry filtration to
remove solids. This is followed by a solvent to
absorb HoS, with subsequent sulfur recovery.

These systems can remove 98% to 99.5% of the
sulfur from the fuel in an economical manner.
Systems are available to remove 100% to satisfy
severe site limitations or chemical production. A
sulfur recovery plant converts the sulfur com-
pounds to elemental sulfur for sale as a by-prod-
uct.

Hot Gas Cleanup (HGCU) systems are being
developed to improve efficiency and to elimi-
nate the need for costly heat exchangers. This is
accomplished by removing HoS at 1000 to 1100

F (538 to 594 C) with the resultant clean fuel
going directly to the gas turbine. GE technology
is based on the maximum temperature at which
alkali materials are condensed on the particu-
late matter and can be removed. These systems
use a sorbent material such as zinc titanate to
react with the HoS from the gas fuel.

The GE HGCU process uses a very slowly
moving bed with separate absorber and regener-

ator vessels to allow continuous fuel gas cleanup.
A scale-up project is underway for a 35-MW
demonstration in 1996 based on successful test-
ing of a 3 MW equivalent size pilot plant.

Combined-Cycle Power Block

The GE heavy-duty gas turbine does not
require modification for use in an IGCC system,
with the exception of the fuel and accessory sys-
tems. Oxygen-blown gas can be accommodated
at full load with ratings approximately 20%
above natural gas ratings due to the extra mass
flow through the turbine from the lower heating
value fuel. Optimized systems may require an
increased first stage stationary nozzle throat. Air
extraction must be provided for air-blown gas to
allow the very low heating value fuel to pass
through the standard turbine without raising
the pressure above a safe compressor surge mar-
gin. The air extracted can be used to pressurize
the gasifier, which also maintains balanced tur-
bine flows as the nitrogen returns to the gas tur-
bine in the fuel stream (Figure 10).

Fuel control skids are supplied by GE for each
kind of gasified fuel incorporating the larger
valves and explosion-proof requirements. For
safety reasons, GE requires a separate start-up
fuel due to the high hydrogen content of gasi-
fied fuels.

Differences in combined-cycle integration

GT Modifications
¢ Turbine
¢ Combustion System
¢ Accessory Systems
¢ Fuel Delivery System

Fuel Gas
Contro! Module

* Air Extraction (Option)

HRSG/ST Modification

¢ Import Steam Superheating

e Export Feedwater Heating

* Reheat Steam Cycle
Improvements

Air Extraction

Control Module (Option)

GT03638E

Figure 10. Combined-cycle modifications for IGCC
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and HRSG configuration may be needed to
match the combined-cycle equipment with some
gasification processes. These variations utilize
conventional technologies that can be readily
accommodated and may include export of feed-
water for the gasifier system and import steam
superheating.

Commercially available gas turbine combus-
tors and fuel nozzles have been developed for
the major gasifier systems as part of an extensive
development effort to ensure success of the
demonstration plants. Development work is
done with full size combustors, using simulated
gas at full pressure and temperature. This is nec-
essarv to provide accurate real-time operating
conditions and environmental performance. An
extensive test facility in
Schenectady, New York, can accommodate the
full range of GE machines with E or F technolo-
gy for both 50 and 60 Hz systems.

Other changes required for coal gas opera-
ton include fuel delivery piping modification.
Fuel gas with eight times less heating value than
natural gas, as required by an air-blown gasifica-
ton system, is accommodated with a header sys-
tem.

GE IGCC DEVELOPMENTS

Based on the knowledge gained from the
Cool Water IGCC plant and the advent of com-
mercial “F” technology level gas turbines in

combustion

GER-3650D

1990, GE put in place the first five-year IGCC
product and technology plan (Figure 11).

This plan was aimed at developing and testing
GT/combined-cycle systems to be ready for
commercial applications of IGCC by 1995. Early
efforts concentrated on systems optimization
work with each of the experienced gasifier sup-
pliers. The systems developed led to the need
for combustion testing to confirm feasibility. Gas
turbine modifications were planned to fit the
system and a hot gas cleanup development was
planned.

OPTIMUM CONFIGURATION
FOR IGCC SYSTEM

The system studies show that for each fuel
and each gasifier supplier there are a myriad of
combinations or technology options. With the
wide array of options for each subsystem, it is
possible to optimize a complete IGCC system for
each type of coal, various site requirements and
environmental limitations. Two specific systems
have been developed in cooperation with the
gasifier suppliers which allow GE gas turbines to
fit well with most cases.

IGCC Integrated Air Separation

Integration of the oxidant supply system with
the gas turbine can be accomplished to reduce
oxygen plant auxiliary losses, increase output
and recover nitrogen for maintaining flow in the

Systams Studies
- Conventional
- Simplified

-1ASU
- IASUHGCU

92 | 83 ] 94 | 95

Combustion
- 7F Map
- Cootwatse
- Premix Tech

- CC 4 Comnmercial 7F/9FISF
- CC 5 Commercisl 7F

- CC 243 NH; Commercial 8B/7F

Turbine
- 68 Alr Extraction
- Q€
- TFRFISF
- Advanced Turbine

Hot Gas Clean-Up (GEES)
- 100 Hr. Runs
- GT Hot Control Vaive

- 35 MW Scale-Up

GT229900

Figure 11. GE IGCC five-year product and technology plan
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Figure 12. IGCC integrated air separation
turbine. An added benefit is the ability to apply
the return nitrogen for NO, control (Figure .
12). - -

This scheme maintains the large size, single = -

train oxygen-blown gasifier system while obtain- y - T I ™=
ing some of the benefits of an air-blown system. A ¥ l__ ey <1 (H s |

This technology can be obtained today with
commercial guarantees.

Studies to optimize GE gas turbines with vari-
ous gasifier and air separation plants have
shown gains of 3% to 4% for both efficiency and
plant cost, especially for applications with severe
NO, requirements. The ability to balance Ny
return and moisturization for NOy control with
output optimization is unique in the GE
advanced gas turbine due to the excellent com-
pressor characteristics. Some systems optimize
with full air extraction and some with a partial
extraction and a supplemental compressor. It is
possible to hold high ambient flat ratings with
zero extraction and full nitrogen return, which
can be very important for improving the eco-
nomics.

Simplified IGCC

The USA DOE has proposed an air-blown
gasification system with hot gas cleanup. This
configuration is very efficient and cost effective
in smaller sizes (Figure 13).

T Ax

=g

Figure 13. Simplified IGCC coal
gasification /hot gas supply

Coal gas from a fixed or fluidized bed gasifier,
after particulate removal, passes through an
absorber where HoS is removed and then to a
gas turbine combustor at high temperature. The
scheme for regeneration of the sorbent uses air
or Oo. This simplified IGCC is being demon-
strated at the Sierra Pacific Pinon Pine project
utilizing a GE model 6FA. The nominal size of
120 MW will produce 100 MW at the specific site
elevation.

GT19174E

Combustion of Coal Gas

Extensive coal gas combustion testing at full
pressure and temperature is being done at the
Gas Turbine Development Laboratory in
Schenectady, New York (Figure 14).
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Figure 14. GE “F” combustor testing

Under the direct sponsorship of EPRI, DOE,
Texaco, Shell, Dow and Vattenfall, advanced gas
turbine combustors have been tested for
mechanical and emissions capability on simulat-
ed coal gas. Results using standard Model F
combustors modified only for the larger fuel
flow show that NO, levels ranging down to 10
ppm at 15% Og can be expected using steam,
nitrogen or carbon dioxide as a diluent. Carbon
monoxide levels are consistently low across the
range and reasonable for emergency full speed
no load conditions. Production designs are now
completed. Two-stage combustion testing has
shown stability at even lower heating values.

Further testing has been done using nitrogen
as an injectant which can enhance the overall
economics while maintaining similar emission
levels. The ability to test at full pressure and
temperature has become very important in
establishing the optimum systems and in provid-
ing test data for permit applications. Testing
shows a good correlation including air-blown
gases (Figure 15). As a result, three types of syn-
gas combustors are now available for considera-
tion, including the Cool Water diffusion type,
the Ny injection and staged DLN premix sys-
tems. Designs are in place for fuel piping sys-
tems to accommodate the system needs (Figure
16).
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0001
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Figure 15. Model F coal gas testing
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injection
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Figure 18. GE hot gas cleanup program
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Output Enhancement

Diluted coal gas at 10% to 20% of the heating
value of natural gas can produce an increase in
power output of approximately 20%, provided
the turbine and compressor have the excess
capability.

The plot of output versus ambient tempera-
ture (Figure 17) for the GE advanced gas tur-
bines shows an added feature in that the IGCC
can be flat rated to match the ambient limited
fuel flow of the gasifier. This feature means that
a single-train plant like Cool Water would be
265-MW output net today. Plant cost is affected
favorably by the use of the 192-MW gas turbine
rating, which can be accomplished with small
changes in the system. This same feature is avail-
able in the 50 Hz advanced gas turbine at 275
MW,

Low Fuel Pressure Systems

An optimized IGCC system frequently
requires low-pressure drop fuel systems to oper-
ate at the lowest practical gasifier pressures,
thereby reducing the oxidant plant auxiliaries.
Two separate functions need to be accommodat-
ed:

* Fuel control valve and line pressure drop

¢ Combustor fuel nozzle and header pressure

drop

The GE criteria of stable operation at full
speed/no load (FSNL) as well as full speed/full
load (FSFL) on coal gas along with wide ambi-
ent ranges exacerbates the situation for fuel
control.

GE has developed several systems for opti-
mized integration that are applicable to the vari-
ous gasification options. These include a patent-
ed system of feedback allowing the fuel control
valves to operate in an open position with very
low pressure drop. Two other systems act to
reduce fuel nozzle and header pressure drop,
giving full range operation at low fuel pressure.
This is important for full load performance, and
can allow floating pressure for systems which
require extensive part load operation.

Hot Gas Cleanup Systems

A 2.5-MW equivalent process evaluation facili-
ty has been built in Schenectady, New York, ut-
lizing a fixed bed gasifier to test sulfur removal
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at 1000 F/538 C to 1200 F/ 649 C (Figure 18).

The moving bed system uses sorbent material
of various oxides of zinc and can be applied to
either air- or oxygen-blown gasifier systems.
Initial tests have shown process results above
99% sulfur removal. Byproducts can be sulfuric
acid or elemental sulfur. Based on progress to
date, the technology will be used at the 265-MW
Clean Coal III Tampa Electric Company project
in Florida.

The test facility is currently developing several
related technologies, including combustor tech-
nology. Initial results for staged combustors
show promise of low NO,, levels even for gasifier
systems with high concentrations of ammonia.
Commercialization of the hot gas cleanup tech-
nology should be complete by 1996.

IGCC Ratings

The net result of the IGCC development pro-
grams has been to allow a complete product line
to be introduced covering the range of GE gas
turbine sizes (Figure 19). The variation in out-
puts shown covers the various options for effi-
ciency vs. cost. The higher outputs are for plants
where efficiency is most important and the
lower rating range covers options where plant
cost is the most important economic criteria.
The size range shown is for entrained flow gasifi-
cation systems while the optimum size for mov-
ing beds or air blown fluidized beds may lie
below these figures.

Gas turbine development continues at a rapid
pace with several programs announced for late
1990s improvements. The USA DOE has pub-
lished information on an extensive program for

BOHz 6B (44) 1
GFAGN b W
TEA®O) | 1
7EC (140) N
TFA (182) -
S0Hz 6@ | 2
GFAGN | 1
9E (136) ]
9EC (190) -
9F (275) . . -
0 50 100 150 200 250 300 350 400
MW
GT24278A

Figure 19. GE IGCC ratings
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Figure 20. Reference plant - IGCC technology

Advanced Technology Systems (ATS). The goals
of the program are over 50% efficiency in IGCC,
10% reduction in NO, and 10% reduction in
cost of electricity. The ATS designs will tend to
increase ratings in each size category as they
become available in the late 1990s.

REFERENCE PLANTS

The various market segments in which IGCC
is a viable technology depend on the leverage of
its two main benefits - environmental and effi-
ciency superiority - balanced by the costs of avail-
able fuels. Two very different products are
required which with variations can cover most
applications (Figure 20). One version covers
applications where efficiency is most important,
usually due to high cost fuels. The other covers
applications where low plant cost is the econom-
ic driver and small improvements in efficiency
are acceptable.

GE IGCC EXPERIENCE

Cool Water Project IGCC

An IGCC that has operated for five years is
the Cool Water Project in California. Cool Water
was a $274 million project that utilizes a 1200-
ton per day, oxygen-blown Texaco gasifier, pro-
ducing medium heating value gas integrated

with a GE combined-cycle power plant. The
plant information is summarized as follows:
* Demonstration size
- 100 MW
- demonstrated 118 MW net plant output
¢ Gasifier type
-Texaco oxygen-blown entrained flow
- Radiant and convection system
- Separate 100% quench system
¢ Cleanup system
- Selexol sulfur-removal
- Claus sulfur recovery
- Scot tail gas
* Power generation equipment and integrat-
ing control
- GE STAG 107E combined cycle
Southern California Edison Company was the
host and, along with the partners, successfully
demonstrated that a standard 80 MW gas tur-
bine could operate in IGCC configuration on a
utility system (Figure 21). The project utilized
indoor coal storage to control fugitive dust and
two different gasifier systems to prove the tech-
nology. The fuel produced in the gasifier was
cooled and cleaned so that it was suitable for
base load operation in a GE combined cycle.
Coal gas was first made on May 7, 1984, fol-
lowing a two and one half year construction
period; electric power was produced shortly
thereafter.




Figure 21. Cool Water IGCC

The plant was operated for five years to
demonstrate operability and coal flexibility. A
total of 27,000 hours of operation was complet-
ed using four different coals with a 78% to 80%
on-stream factor during the last two years. The
combined cycle required modifications to inte-
grate with the gasification system by exporting
feedwater and superheating the gasifier steam.
The gas turbine is a standard production
machine with a separate off-base, dual fuel,
delivery/control skid.

A new combustion system was developed for
coal gas and met the GE operational criteria for
gas turbine life: ease of maintenance and envi-
ronmental emissions (Figure 22). The dual fuel
capability allows full load on distillate oil when
the gasifier is being maintained to provide high
electricity production reliability.

Environmental performance (Table 3) on
coal fuel was superior, with emissions near one-
tenth of standards and NOy levels on coal of 20
ppmvd. NoO, a greenhouse and ozone deple-
tion pollutant sometimes produced in coal boil-

Table 3
IGCC ENVIRONMENTAL BENEFITS

Air Emissions Cool Water: Actual
* SO, 97% Removal
* NO, 20 ppm
* Particulates 1/10 of EPA Standards
* N;O 0.2 ppm
Waste Ash - Non-Leachable, Non-Hazardous
- Meets California Standards
- Saleable
Water Use - 70% of Conventional Plant
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Figure 22. Cool Water combustor

ers, is not an issue for IGCC. Most importantly,
the ash is non-hazardous and saleable.

Commercial Applications

IGCC technology flexibility allows application
in many market segments with various benefits
(Figure 23).

o Power only applications can show benefits
in environmental, efficiency and cost of
electricity where environmental standards
are considered. When this is combined with
the ability to utilize waste fuels, IGCC eco-
nomics prove superior for many projects.

o Repowering of existing coal plants can have
a leveraged effect on environmental bene-
fits and COE due to existing site economics.

° Progen or phased installation has been used
to lower initial costs and to meet early
demands.

o Polygeneration utilizes the gasification sys-
tem to produce multiple products, signifi-
cantly reducing the COE.

GE technology is being used for 10 near-term

projects encompassing each of these applica-
dons (Figures 24a-24f).

IGCC Economics

Due to the variety of applications, IGCC eco-
nomics must be project specific, but some gen-
eral observations can be made for today’s tech-
nology:

¢ E technology IGCCs only compete where

fuel costs are low and multiple products are
produced

* FA technology IGCCs can compete on an

equal basis where environmental standards
are important or where repowering of exist-
ing plants is desired

* ATS technology IGCCs make the choice

clear for many future applications
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Figure 23. Leveraged IGCC applications
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Figure 24b. Tampa Electric Co. IGCC - Polk Co.

e 2 x MS6001B
* Shell Gasifier

WV s 1

{;

IR
i
W

i
\

» Gasified Refinery
Bottoms

¢ Repowering/Cogen/H,
¢ 1997 Operation

Based on Multi-Plant Refinery Experience

GT24377

Figure 24c. Shell - Pernis

638



GER-3650D

« Texaco Refinery - El Dorado, Kansas
« 1 x MS6001B '

. Texacé Quench Gasifier
- Pet Coke/Waste Qil

e Multi Fuel With N,
Return and Air Extraction

¢ 1996 Operation

Based on Proven Gasification Process

Figure 24d. El Dorado IGCC project
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Figure 24f. Duke - CCT V

Typical USA costs can be used for comparison
purposes on a generalized basis. Various country
applications must take into account local supply
and labor rates (Figure 25).

IGCC MARKET ACTIVITY

In additon to the projects listed above, many
others are in the planning or study stage (Table
4). Some of these are Progressive Generation
(Progen) projects where natural gas will be used
first, followed by synthetic fuels from gasifiers.
Most, however, are to start up on low cost fuels
in an IGCC configuration. One-third of the cur-
rent activity includes many plants integrated
with refineries to utilize the waste products in
Europe, USA and Japan.

The other IGCC projects are active in various
countries where coal or other special needs
exist.

GE'’s recent internal projections show a con-
tinued penetration of IGCC into the market cul-
minating in the 2010s with IGCC taking about
50% of the world coal and heavy fuels market
(Figure 26). Time for acceptance will depend
on performance of the early plants.
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CONCLUSION

Many advanced, clean, solid fuel or heavy oil
processes for power generation are now focused
on the use of the gas wrbine combined cycle for
the lowest cost of electricity while meeting strin-
gent environmental standards. The IGCC pro-
cess has proven to be the cleanest, with sulfur
removal levels of 98% and greater, as well as low
NO, emission levels and solid waste that is non-
hazardous. With the advent of today’s commer-
cial advanced gas turbines, the IGCC technology
can also show economic gain against conven-
tional coal steam plants. The IGCC option is
now moving from the demonstration phase to
the commercial phase and, with planned future
improvements, will penetrate the solid fuel
power generation market at an even faster pace.
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APPENDIX

SOLID FUEL
CONSIDERATIONS FOR
GAS TURBINES

In order to utilize the combined-cycle advan-
tages with solid fuels, the industry has experi-

mented for some time with coal fuels. At GE, for -

example, coal-fired gas turbine programs started
in 1947 and have included:

* Combustion of gasified solid fuels

* Combustion of liquefied solid fuels

* Indirect combustion (heat exchanger)

* Fluidized bed combustion

* Direct coal and coal water mixture combus-

tion

This work has reaffirmed that the lives and
performance of GE gas turbine parts are severe-
ly affected by various constituents contained in
industrial solid fuels. Ash formed during direct
combustion can create a need for excessive gas
turbine maintenance through erosion, corro-

GER-3650D

27). It should be noted, however, that concen-
trations below one part per million (ppm) for
liquid petroleum fuel are necessary for normal
life, and that an increase of one ppm sodium in
a liquid fuel will reduce parts’ lives by 50%. An
increase in firing temperature of 400 F (222 C)
can also reduce parts’ lives 50% at the same
alkali concentration, requiring future gas tur-
bines to use even cleaner fuels.

Reduced contaminant concentrations are
required for fuels with lower heating values to
satisfy the contaminant limits per unit of heat
release, shown in Table 5.

All gas turbine systems for solid fuels must
take into account these effects and either elimi-
nate the constituents or compromise the perfor-
mance.

8 8 85 & 8

sion and ash deposition. Coatog
Alkali metals — sodium and potassium — can in7ss .

cause severe, high temperature corrosion.

LHe = Thousand Hours

g

Vanadium and lead are also highly corrosive. 0 L L ) Hreeend }
N . - 05 1.0 15 20 :
Sulfur is not, in itself, harmful to the gas turbine Equivalent Sodum (Fust, Air, Water
but must be limited to meet environmental
requirements and does affect the Heat Recovery
Steam Generator (HRSG) design. aT21810A
Bucket material improvements and the addi- Figure 27. Bucket corrosion life
tion of coatings have reduced the effect of alkali vs. contaminants
corrosion and provided added tolerance (Figure
Table 5
AIR, FUEL, STEAM AND WATER PURITY REQUIREMENTS
Contaminant Concentration Not to Exceed
Petroleum Appfications Coal Gas Applications
{ppm - Waight) LB/10'2 Btu (LHV) kg/1072 kJ (LHV)
Vanadium (V) 0.5 27.0 1.8
Sodium Plus Potassium (Na+K)
Na/K = 1 0.25 135 5.8
K=0 1.0 54.0 23
Lead (Pb) 1.0 53.9 23.2
Calelum (Ca) 20 107.8 48.3
Magnesium (Mg) - 107.8 483
Particulats (Above 10 Microns) 30 857 38.8
GT203598
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Gas Turbine Systems for Solid Fuels

Evolution of clean coal technology for gas tur-
bines has led to a common belief that two-stage
combustion with intermediate gas stream
cleanup can provide economical and environ-
mentally superior power plants. There are many
variations in configuration, but the significant
controversy concerns the temperature at which
cleanup is accomplished. This temperature,
between the first and second stages, affects effi-
ciency, which is a major factor in establishing
economics and environmental performance. It
also affects parts’ lives and plant operability.
Engineers striving for the optimum balance are
working on four types of systems.

Direct Coal Combustion

Work continues on exploring direct coal com-
bustion for gas turbines. Most projects have
been supported by the DOE as longer term,
high risk, high reward opportunities. These use
slagging combustors which operate at 2500 F to
3000 F (1371 C to 1650 C) (Figure 28) and
attempt to remove the ash and harmful con-
stituents during the combustion process.
Slagging combustors with sufficient slag and
contaminant removal capability are in the very
early stages of development. To solve the corro-
sion/erosion issues, most programs have already
evolved to a staged combustion system where
the first stage is a gasifier followed by various hot
gas cleanup systems and a secondary combustor.

Combustor Processing

PFBC where the operating temperature is
only 1650 F (900 C) (Figure 29a) allow in-bed

o
Primary Expander
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; Lean-Burn
f Coal/Air Zone
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{ Impact
+ Separator
: Slag
! Tap
|

' Cyclone |
' Water Separator
; Bath f
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Figure 28. Gas turbine system for coal

sulfur removal of 90% to 95%, but the alkali
remains in a vapor form and is passed to the gas
turbine.

Current programs use gas turbines without
firing in an attempt to alleviate the
corrosion/erosion issues by keeping metal tem-
peratures low. Early demonstration units started
operation in 1990.

Coal
——] .
Limegtoi’ PFBC H.T.CU
4
Alr 1650 F/900 C
GT

GT11670-3D

Figure 29a. Gas turbines for solid fuels -
combustor processing

To obtain competitive efficiencies with PFBC,
a high-temperature gas turbine utilizing topping
combustors is required (Figure 29b). For a
PFBC cycle to utilize the efficiency of a 2350
F/1288 C modern gas turbine, it must produce
approximately 2550 F/1400 C combustor outlet
temperature. Sufficient high-temperature
cleanup under these conditions, along with con-
trol of the hot turbine flow, is yet to be success-
fully demonstrated. In addition, this technology
requires the addition of lime for sulfur capture

Coal Gasifiar

A

H.T.CU

:
g
3

Limestone

<

GT11670-4E

Figure 29b. Gas turbines for solid fuels -
combustor processing - second
generation




which considerably increases the amount of
solid waste disposal. Some new technology will
be needed to control hazardous air pollutants
with this 1650 F (900 C) cleanup system.

Fuel Processing

Fuel processing, exemplified by gasification
combined cycles (Figure 30), utilizes the slag-
ging combustor to partially oxidize the coal fol-
lowed by gas cleanup at lower temperatures
where the alkali metals and other contaminants
have been condensed and can be removed. This
technology is commercially applicable today
based on commercial sized demonstrations dur-
ing the 1980s. Superior cleanup can be obtained
because the fuel volumes are only 1/50th of a
conventonal plant exhaust.

Fuat

Gasification

[ 2350°F 1 1288°C

Figure 30. Gas turbines for solid fuels -
fuel processing

Indirect Cycles

Indirect cycles depend on high-temperature
heat exchangers to heat the gas turbine airflow
(Figure 31). Circulating AFB heaters have been
proposed, but this reduces the gas turbine out-
put by approximately 50% due to the limited
turbine inlet temperature. However, steam injec-
tion can make up the full load. Using clean fuel
in series combustors can also bring the turbine
to full output, but the clean fuel complicates the
economics for most applications. Ceramic heat
exchangers are under development to allow
near full turbine output with coal combustors;
however, conventional sulfur removal systems
are required for the full exhaust flow.

GT218128
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Figure 31. Gas turbines for solid fuels -
indirect cycle

COMPARISON OF PFBC
AND IGCC

PFBC and IGCC systems are frequently com-
pared due to the claims of similar efficiencies
and benefits (Figure 32). Fluid beds have the
ability to capture up to 95% of the sulfur in the
bed without the need for scrubbers. Some
recent claims for circulating fluidized beds are
99%. The fluidized bed differs from the IGCC in
that significant quantities of limestone are need-
ed in the bed to capture the sulfur, which
requires additional waste disposal. The PFBC
cycle is in the experimental demonstration
stage. High-temperature (1650 F/900 C)
cleanup systems for particulate and alkali metals
have not been fully developed.

IGCC currently uses a conventional chemical
cleaning process with sulfur removal to 98% or
99.5%. This equipment is familiar to industrials,
but not utilities. The gasification system has an
advantage of fuel flexibility for automatic
switchover to oil or natural gas. The use of mass
produced, commercial gas turbine combined-
cycle equipment will provide low costs for 65%
of the plant output. Its superior environmental
capabilities, along with its lead in development,
should give planners and users the flexibility
they need to meet the requirements of the
1990s. IGCC commercial development is several
years in front of the other technologies, having
been demonstrated at commercial scale in 1984.

GT11670-2F
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ABSTRACT

The oil- and gas-fired turbine combined-cycle penetration of industrial and utility applications has escalated rapidly due to the
lower cost, higher efficiency and demonstrated reliability of gas turbine equipment in combination with fuel economics. Gas
turbine technology growth has renewed the interest in the use of coal and other solid fuels in combined cycles for electrical
and thermal energy production to provide environmentally acceptable plants without extra cost.

Four different types of systems utilizing the gas turbine advantages with solid fuel have been studied: direct coal combustion,
combustor processing, fuel processing and indirect cycles. One of these, fuel processing (exemplified by coal gasification), is
emerging as the superior process for broad scale commercialization at this time.

Advances in gas turbine design, proven in operation above 200 MW, are establishing new levels of combined-cycle net plant
efficiencies up o 55% and providing the potential for a significant shift to gas turbine solid fuel power plant technology. These
new efficiencies can mitigate the losses involved in gasifying coal and other solid fuels, and economically provide the superior
environmental performance required today. Based on demonstration of high baseload reliability for large combined cycles
(98%) and the success of several demonstrations of Integrated Gasification Combined Cycle (IGCC) plants in the utility size
range, it is apparent that many commercial IGCC plants will be sited in the late 1990s. Already, seven plants have been started
in the USA along with eight others in Europe.

Development has begun on second generation systems aimed at improved components and system configurations. Optimizing
the gas urbine/combined-cycle technology with various gasification systems has provided opportunities for considerable
progress, leading to the use of 25% less fuel than conventional steam power plants.

This paper discusses different gas turbine systems for solid fuels while profiling available IGCC systems. The paper traces the
IGCC option as it has moved from the demonstration phase to the commercial phase and should now with planned future
improvements, penetrate the solid fuel power generation market at a rapid pace.

INTRODUCTION

Energy and environmental concems have for years caused interest in developing clean coal technologies
to allow the continued use of our most abundant and lowest cost fuel. Four technologies have been pro-
posed using the advantages of the gas turbine combined-cycle to mitigate the extra costs of cleanup
(Figure 1).

Direct Coal Combustion (Slagging Combustors)

Slagging combustors which operate at 2500°F to 3000°F (1371°C to 1650°C) are used in an attempt to
remove the ash and harmful constituents during the combustion process. Slagging combustors with suffi-
cient slag and contaminant removal capability are in the very early stage of development. To solve the
corrosion/erosion issues, most programs have already evolved to a staged combustion system where the
first-stage is a gasifier followed by various hot gas cleanup systems and a secondary combustor. Removal
of contaminants at these temperatures has not been achieved and is considered a barrier issue.
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Figure 1. Gas Turbine Systems for Coal

Combustor Processing (PFBC)

PFBC where the operating temperature is only 1650°F (900°C) allow in-bed sulfur removal of 90% to
95%, but the alkali remains in a vapor form and is passed to the gas turbine. Current programs use gas
turbines without combustors in an attempt to alleviate the corrosion/erosion issues by keeping the metal
temperature low. Early demonstration units started operation in 1990.

To obtain competitive efficiencies with PFBC, a high-temperature gas turbine utilizing topping combus-
tors is required. For a PFBC cycle to utilize the efficiency of a an “F” level 2350°F/1288°C modern gas
turbine, it must produce approximately 2550°F/1400°C combustor outlet temperature. Sufficient high-
temperature cleanup under these conditions, along with control of the hot turbine flow, is yet to be suc-
cessfully demonstrated. In addition, this technology requires the addition of lime for sulfur capture which
considerably increases the amount of solid waste disposal. Some new technology will be needed to con-
trol hazardous air pollutants with this 1650°F (900°C) cleanup system.

Fuel Processing IGCC)

Fuel processing, exemplified by gasification combined cycle, utilizes the slagging combustor to partially
oxidize the coal followed by gas cleanup at lower temperatures where the alkali metals and other conta-
minates have been condensed and can be removed. This technology is commercially applicable today
based on commercial sized demonstrations during the 1980s. Ultra cleanup can be obtained because the
fuel volumes are only 1/100th of a conventional plant exhaust.

Indirect Cycles (EFCC)

Indirect cycles depend on high-temperature heat exchangers to heat the gas turbine airflow. Circulating

AFB air heaters have been proposed, but this reduces the gas turbine output by approximately 50% due
to the limited turbine inlet temperature. Steam injection can make up the full load or clean fuel in series
combustors can also bring the turbine to full output. Utilization of a clean fuel however complicates the
economics for most applications. Ceramic heat exchangers are under development to allow near full




urbine output with coal combustors; however, conventional sulfur removal systems are required for the
full exhaust tflow.

IGCC

IGCC technology (Figure 2) is leading the commercialization process now with ten different suppliers
building plants. Its well known inherent charactenistics for producing clean products from poor quality
fuels has always appeared to be the ultimate answer. In fact, a general consensus has arisen during the last
decade that two stage combustion of coal with clean up in between is the preferred choice for future tech-
nology in the power production industry.

‘ Gasification

Sulfur * 2 Stage Combustion
- Partial in Gasifier
' Coal - Complete in Gas Turbine
™ Gasiier HX  #= Cleanup « 5 Technologies
Slag Clean |Oxidant System | [- Air or Oxygen |
\ Fusl |Gasification | [-CO + Ha |
LCIean Up | |- Sulfur I
Oxidant Combined " apn
Systom [+ Cycle e |Combln'ed Cycle| |- Advanced "F" |
Integration - Synergy

Electricity

Figure 2. IGCC System

The first stage of combustion is carried out in the partial oxidation combustor we call a gasifier, while
the second stage completing the combustion process can be carried out in a combined cycle power plant.

In this manner air emissions and solid wastes can virtually be eliminated compared to conventional and
alternative technologies (Figure 3). IGCC produces saleable by-products of elemental sulfur and slag.
Efficiency gains also support the objective of reasonable reductions for potential global warming gases.
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Figure 3. Environmental Issues Drive Clean Coal Technologies
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The technology was demonstrated successfully in the 1980s on utility sized systems but was not adopted
due to capital cost issues with the first generation designs. The Cool Water plant (Figure 4) in California
at 120 MW size cost about 25003/kW. It met all of the IGCC environmental and operability claims with
emissions 1/10 of standards.

Figure 4. Cool Water Plant

Other plants such as the Dow-Plaquemine, Louisiana, USA, 160 MW IGCC plant came on line in the
late 1980s and the Shell-Demkolec 253 MW IGCC plant in the Netherlands started up in 1994 utilizing
“E" level technology with similar results — technically acceptable but not economical.

With the advent of “F” technology gas turbines coming into commercial operation in 1990, second gen-
eration IGCC designs were developed, lowering per unit costs by 40% (Figure 5). The step changes in
plant cost can generally be attributed to obtaining more output from the same hardware. This has been
accomplished through increased gas turbine ratings and matching gasifier output ratings. Additional
improvements have come at each step through integration of plant systems. This has brought IGCC plant
cost to within 10-20% of conventional plants and allowed the cost of electricity to be equal due to effi-
ciency gains.

As aresult, 15 different applications are being built for operation starting in the mid *90s (Figure 6).
These include utility, industrial and IPP projects which utilize “F” level technology or have special fuel
situations.

Eight of these are in Europe and seven are in the USA. Several projects have failed to go forward
but at least 10 more are in the late stage of planning, giving evidence of IGCC viability for early
market segments.

Conventional plant technologies have also been making improvements in cost, especially in the area of
environmental controls and shortened construction times. This has raised the hurdle for IGCC, but not so
significantly as to measurably slow the penetration. The current IGCC progress focuses on leveraged
applications such as repowering and multiproduct plants where its benefits meet specific needs.

Another step change in gas turbine technology commonly referred to as Advanced Turbine Systems
(ATS) can be anticipated to become commercial by the tumn of the century. The published goals for this
technology are producing third generation IGCC designs that show cost reductions of another 20%,
lowering IGCC plant costs to that of conventional systems and showing significant savings in cost

of electricity (Figure 7).
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Figure 5. IGCC Plant Cost

Customer Date MW Application Gasifior
PS! Energy - USA 1995 265 Repower/Coal Destec
Tamps Electric - USA 1998 285 Power/Coel Texaco
Puaertollano - Spain 1998 320 Power/Coal Prenflow
Siefra Pacific - USA 1996 100 Power/Coel KRW
SUV/EGT - Czech 1988 450 Cogen/Coal Sheill
Texaco £l Dorado - USA 1888 40 Cogen/Pet Coke Texaco
Shell Pernis - Neth. 1887 80 CogervHy/Qil Lurgi
API - italy 1997 200 Cogen/Oll Shell
TBA - Europe 1998 350 Cogen/Qil Texaco
ISAB - ltaly 1988 500 CogervQil Texaco
Saras - Haly 1899 500 Cogen/H./Qil Texaco
AGIP - italy 1999 250 Cogen/Oil Texaco
Duke Energy - USA 1999 480 Repowar/Coal BG Lurgi
Delaware - USA 1999 250 Rpwr/Cogen/Pet Coke Texaco
TAMCO - USA 1869 120 Cogen/Coal Tempeila

Figure 6. IGCC Projects
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Figure 7. IGCC Plant Cost

Applications using ATS technology should bring IGCC to most market segments for plants planned for
operation starting after 2000.
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GT/CC TECHNOLOGY

“E” and “F” Technologies

Gas Turbine/combined-cycle technology has penetrated the power generation market due to its low cost
established through multi unit production and its efficiency (Figure 8).

MS7001 GAS TURBINE AVAILABILITY GROWTH

AVG. FLEET AVARAD. 9%
100

70
1970 1075 1000 1005 10
YEAR

Figure 8. Combined-Cycle Meets Efficiency, Availability Needs

Acceptance, however, hinged on the improvement in availability during the 1980s for the “E” technology
machines fired at 1104°C. This availability improvement was critical to launching the “F” level technology
which is now fired at 1288°C. The “F”’ machines utilize more sophisticated cooling to keep metal tempera-
tures similar or lower than the “E” machines, allowing equivalent life and maintenance factors (Figure 9).

6F-A
60-Hertz Application 50-Hertz 50 and 60 Hertz
159 MW Natural Gas Rating 226 MW 70 MW
192 MW Syngas Rating 275 MW 87 MW

Figure 9. GE “F” Technology Gas Turbines

The first “F” level machines were used for repowering an older coal fired plant at Virginia Power
Company’s Chesterfield Station with natural gas and went commercial in 1990 (Figure 10).

There are now over 100 “F” level machines ordered with 20 units in service (Figure 11).

Operating experience continues to accumulate, feeding back the information needed for fulfilling the
availability and reliability standards set by the “E” fleet. Korea Electric’s Seoinchon plant set the world
standard for efficiency on natural gas at 55% LHYV (Figure 12).

653

]




* Repowering Application
130 MW = 450 MW

* No Change in Plant Size

* No Increase in Cooling Water

* Reduced Emissions

Figure 10. Virginia Power — The Fist “F’ Technology Installation
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Figure 11. Advanced Gas Turbine Project Status
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Building on that early experience, Tokyo Electric Power’s 2800 MW Yokohoma plant and China Light
and Power’s 2400 MW Black Point plant, both using single shaft combined cycles with “F” technology,
establish the basis for the model plants of the 1990s (Figure 13). Since each one uses a modular

approach with multiple 350 MW independent units, this model can apply to smaller applications and to
IGCC plants.
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Figure 13. Yokohoma and Black Point Power Plants

ATS Technology

Gas Turbine development continues at a rapid pace following the market acceptance and current perfor-
mance of the “F” level technology. Several programs have already been announced for late 1990s

improvements and the USA Department of Energy has published information on an extensive program
for Advanced Technology Systems (ATS) (Figure 14).

Advanced Turbine System Goals
(Based on Natural Gas-Fired System)

Parameter Goal for Utility Scale Systems
Highly Efficient 60% Combined-Cycle - LHV

Environmentally Superior 10% Reduction in NO, Emissions Over
Today's Best System

Cost Competitive 10% Reduction in Cost of Electricity

Figure 14. DOE ATS Program - ($700,000,000)

The goals of the program are to develop gas turbines with 60% efficiency in combined cycle mode and
52% efficiency in IGCC configuration. Further improvements include a 10% reduction in NOx and 10%
reduction in cost of electricity. GE Company, among others, has completed conceptual designs indicating
potential for meeting the goals utilizing technology already in operation in aircraft engines.
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IGCC TECHNOLOGY

“E™ and "F" level IGCC technology depend on the use of natural gas machines modified for operation in

IGCC applications. In 1990, a 5 year technology plan for IGCC was initiated (Figure 15) with a goal of
establishing commercial plants in the year 1995.

Systems Studies 91 | 92 | 93 | 94 | 95
- Conventional A A
- Simplified A A
- 1ASU A
- IASU/HGCU A
Combustion
- 7F Map AA
- Coolwater Aeeodae
- Premix Tech
- CC 2&3 NH; Commercial 68/7F A A
- CC 4 Commercial 7F/9F/6F A A
- CC 5 Commercial 7F A

b b

Turbine
- 6B Air Extraction A A
- QE A- A
- 7FIQF/6F A A
- Advanced Turbine A

Hot Gas Clean-Up (GEESI)
- 100 Hr. Runs A A
- GT Hot Control Valve A A A
- 35 MW Scale-Up A A

Figure 15. GE IGCC Five Year Product & Technology Plan

System designs were developed with the leading gasifier suppliers. Combustion development at full
scale, full pressure was undertaken. Turbine modifications were designed to match system requirements
and some future technology development in hot gas clean up was undertaken.

The myriad of system studies with most of the 13 current gasification suppliers led to 2 basic configura-
tions (Figure 16).

Integrated Oxygen Gasifier Integrated Air Gasifier
Coel
oN Coal
*1 QGasdfication Gas 3%
CL To
Ny Stoam T Steam
= 7 L ]l e
Pross. Gen 1 Steam
Alr LWVV\- D GT Generators
X <
] Q H & |
Supplemental Alr Alr 1
Tmr Extraction

Figure 16. GE IGCC Systems
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Oxygen blown gasifiers can be configured with “F” machines to maximize output by returning nitrogen
to the machine. In this manner the GE gas turbine has the flexibility to operate in either oxygen or air
blown gasifier systems. While oxygen systems are ahead in the commercialization process, it is expected
that air blown systems may have applications with specific fuels and smaller sizes.

Full pressure, full temperature combustion tests on “F’ type combustors have shown the need for dilu-
tions of the fuel gas after exit from the gasifier to obtain desired NOx levels.

Full Load NOx at 15% O,
vs Heating Value

o Simulated Coal Ges
* 2550°F/1400° C
Combustor Exit Temp

4 1 | |
100 150 200 250 300
! ! 1 LFV' BtulISC F )

1
4000 5000 €000 7000 8000 9000 10,000 11,000
LHV, kJ/m3

Figure 17. GE “F’ Combustor Testing

Figure 17 shows a map of NOx level vs. fuel gas combinations for “F’ level machines. Diluents such as
moisture, CO, or nitrogen in combination are used to reduce the normal 500 ppm NOx levels ranging
down to 10 ppmvd vs. a2 15% O,. This work has been used for obtaining environmental permits for 10
IGCC projects that are underway.

Several turbine modifications allow the current production machines to fit the various systems and
accommodate the different fuel flows. In most cases the plants optimize with about 20% more output
from the gas turbine than that derived using natural gas helping to reduce costs (Figure 18).
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Hot gas clean up (HGCU) has the potential of eliminating the heat exchanger equipment, saving costs,
and increasing efficiency, giving significant gains. The penalty of alkalie attack in the gas turbine, howev-
er. 15 too severe for incorporation at high temperatures. It is well known though that alkalie materials con-
dense on the particulates and can be removed at temperatures below 1100°F (593°C). HGCU is being test-
ed at this temperature in a 3 MW IGCC facility in Schenectady, NY, USA (Figure 19).

Program Elements* '92 'e3 '94 '85
10 20 3Q 4Q  1Q 20 3Q 4Q 10 20 3Q 4Q 1Q 20 3Q 4Q

Sutfur Removal

Zn Titanate Moving Bed

H,S Plus COS A Al A A
Particulate Removal

Barrier Filters A A A A
NH, Reduction

RQL Combustion A A A A

Catalytic A A A A
Halogen Control

NaHCO, A A A A
Alr Toxics

Activated Carbon A A A A A

*Joirt DOE/METC & GE Sponsored Program

Figure 19. GE Hot Gas Cleanup

Development of five different technologies are necessary for hot gas clean up to move from the develop-
ment stage to the product stage. The work to date indicates a readiness to move to a 35 MW size demo to
be located in Florida for operation in 1996.

Design studies completed over the past few years with the various gasifier suppliers have increasingly
incorporated the developments showing significant improvements to the overall plant performance. As an
example, Figure 20 shows results of a study completed for the Dutch Utilities based on utilizing a pro-
duction 9F machine incorporated with a gasifier like their 253 MW Demkolec plant.

The increase of output to 393 MW for one of the many cases studied has the effect of reducing plant cost
by about 25% (Figure 20).

HGCU CGCU
Integration Rate % 33 83
Coal input Mw 811.9 851.1
Gas Input MW 6771 709.3
Gross CC Output MW 447.5 451.1
CC Efficiency* % 86.13* €3.6
Auxiliary Consumptions MW Total 60.9 §7.6
Net Output MW 388.8 383.5
IGCC Net Efficiency LHV % 47.8 48.2

*Cambined cycle efficiency includes steam preduced by the Syngas Ceeler

Figure 20. Dutch IGCC Study
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CURRENT PROJECTS

Several new IGCC projects are under construction. The lead project is located in Indiana at PSI Energy’s
Wabash River Station in the USA (Figure 21).

192 MW 7F

* Repowering

* Dow Gasifier 2 x 100%
* 1995 Operation

¢ Coal Fuel

* 1380 $/KW-1995%

Figure 21. Wabash River Repowering Project — PSI Energy

A TF gas turbine at the full rating is used to repower one of the existing steam turbines eliminating the
existing boiler and its air quality issues. The power equipment was delivered to the site in March and
will be tested on syngas by April of 1995 for commercial operation in the summer of 1995.

Another well know example is located on the Tampa Electric System in Florida (Figure 22).

* 265 MW IGCC

¢ 192 MW 7F Flat Rating

* Texaco Gasifier

* CGCU Commercial-HGCU Demo
¢ 1996 Operation

5 s T

Figure 22. Tampa Electric Company IGCC — Polk County

In this case a 7F combined cycle is integrated into a grass roots IGCC of 265 MW. It has some special
feawres: nitrogen is used to produce a flat rating allowing full output at 90°F (32°C). Cold gas clean up
is used on a commercial basis with a 35 MW HGCU demonstration as a slip stream. This plant is sched-
uled for commercial operation in 1996.
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A very different plant, utilizing a smaller version of the F turbine, the 6FA, will be operational in 1996.
Foster Wheeler and MW Kellogg have chosen a fluidized bed gasifier for the Pinon Pine Project in
Nevada (Figure 23). Since there is no previous operation of the gasification system at this size, it is con-
sidered an experimental plant and will have 100% natural gas backup.

( Steam lo HRSG
cone

Coal & Limestae
Hanaing

ﬁ < *+ 100 MW - 6FA IGCC

* Coal Fuel

* KRW Gasifier

* Fluid Bed/HGCU
* 1996 Operation

Figure 23. Pifion Pine Project — Sierra Pacific

Shell Petroleum will use waste oils in an IGCC at Pernis, Netherlands (Figure 24). The plant will pro-
duce hydrogen for the refinery from the syngas allowing the resultant gases to fuel two-6B turbines pro-
ducing steam for the refinery and power to the grid.

* 2 x MS6001B

* Shell Gasifier

» Gasified Refinery Bottoms
* Repowering/Cogen/H,

* 1997 Operation

Figure 24. Shell - Pernis

A similar plant will be constructed by Texaco in Kansas using petroleum coke and other waste products
(Figure 25). This plant is being fitted to the requirements of the refinery.

A larger utility plant type is being developed in the USA by Duke Energy. Commercial operation is
planned for 1999 in a repowering application (Figure 26). This plant will complete the commercializa-
tion of the four major gasification systems.
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* Texaco Refinery - El Dorado, Kansas
* 1 x MS6001B

e Texaco Quench Gasifier
- Pet Coke/Waste Qil

* Multi Fuel with N,
Return and Air Ext.

* 1996 Operation

Figure 25. El Dorado IGCC Project

§—Feed Coal
Coal Lock —
Water, istri
Jacker™" Distributor
Steam and —Stirrer .
Oxygen, +~—Coal Fines * 484 MW
Qil/Tars
Liquors * Coal/Pet Coke
Tuyeres e
Hearth * BGL Gasifier
Slag Ta .
Quench Chamber — 978p * 1999 Operation
Slag Lock
Hopper
Slag
The British Gas Lurgi (BGL) Gasifier

Figure 26. Duke — CCTV

Europe is also proceeding with a large utility type coal/pet coke fired 320 MW IGCC in Spain at
Puertollano. This plant utilizes a Prenflo gasifier and a Siemens machine and is scheduled for 1996 opera-
ton. In addition, a number of oil gasification projects listed have been under development for some time.

Several other viable projects have been announced with some projects being put on hold, bringing the
total to 15 at the present time.

ANNOUNCED ON HOLD
Czech Republic - 400 MW City of Springfield, USA - 60 MW
Europe - 350 MW Kobra, Germany - 300 MW

Delaware, USA - 250 MW
Tamco, USA - 60 MW
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Worldwide market activity can be used to judge the growing acceptance of IGCC in the early market.
Some 20 more projects are planned at the present time with 50 more under study (Figure 27). This activ-
ity has doubled in the past year as users become aware of the recent developments.

Americas Europe + Asia Pacific
Projects MW Projects MW Projects MW

Under
Construction 10 1,830 19 5,110 6 1,820
or Planned

In Evaluation 20 4,680 20 7,720 14 5,320

Figure 27. IGCC Worldwide Activity

IGCC APPLICATIONS

IGCC’s advantage of efficiency and environmental gains sets the market applications. Since fuel costs
vary by a factor of 3 and environmental rules differ significantly, two different types of IGCC have been
made available (Figure 28).

High Efficiency/High Cost Fuel Low Efficiency/Low Cost Fuels
Gastication Suttur Gasification Sutfur
Cog et Wetor

> Gastfler 3 Cloanup

Gasifier | quanch [ Cleenup

W}\g °‘F°u&"s'°°+\ Foar

Oxidant{ . | Combined - Oxidant | | Combined -
Sysom [+ Cyce | > oy [
™ Erocriety ™ Bectieny
Mid 90s | 8000 Btu/kW Hr. HHV (44.6% LHV) * 9000 BtwkW Hr. HHV (40% LHV)
« 1300-1400 $/kW * 1100-1200 $/kW
Yoar 2000 | » 7100 Btu/kW Hr. HHV (50% LHV) * 8100 BtwkW Hr. HHV (44% LHV)
* 1200-1300 $/kW * 1000-1100 $/kW

Figure 28. Reference Plants — USA Cost Levels

Most early applications also utilize special features of IGCC to enhance the economics for first-of-a-kind
plants (Figure 29). All three of the fifteen projects underway incorporate repowering, cogen or multiple
products.

COST OF ELECTRICITY

The improvements discussed have been incorporated in cost of electricity studies. Figure 30 shows some
typical USA costs showing that “F” level IGCC has reached the break-even cost level allowing the envi-
ronmental benefits to come without extra cost to the power purchaser. These studies also show that
repowering and various credits normally available from gasification provide potential lower costs of
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clectricity. Individual application must be studied carefully to determine economics at this early stage of
development. It is clear, however, that ATS type turbines, after the year 2000, will open up many other

market applications for IGCC.

Market Drivers
Fuel Cost of
_ Environmental | Efficiency | Flexibility | Electricity
Power Only v v v I
Repowering - Replace Old Boiler With Gasifier, v v v v
Gas Turbine and HRSG
* 20% Reduced Plant Cost
* 20% Better Heat Rate
¢ Environmental Credits
Progen - Install Plant in Phases v v v v
¢ GT First for Early Power
¢ Convert to Combined Cycle
¢ Convert to IGCC
Poly Gen - Produce Multiple Products v v v o
s Electricity/Steam
¢ Chemicals - Ammonia/Ferilizer
- Methanol
¢ Hydrogen - Refinery Upgrads
Figure 29. Leveraged IGCC Applications
$/MWH - 20 Year Levelized in 19949
70
Current Designs
60 g — ATS Designs
54.5 54.5 -~
. —Ropwr 51.2 50.8
50 g £ ~Byproduct Credits 49.1 - Repwr 49.1
Fi OLower Coal Cost 47.8 {Byproduct Credits 47.0
) > \90% Cap Factor 45.8 \Lower Coal Cost 45.9
40 + 90% Cap Factor 44.0
30
20 +
10
0
PC IGCC IGCC IGCC-ATS IGCC-ATS
w/FGD No With No With
Credits Credits Credits Credits
e Vour 00 Lriees Nosad [] Capital EiO&M M Fuel

Figure 30. IGCC Cost of Electricity Comparison
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CONCLUSION

Gas turbine technology growth is beginning to allow low cost fuels to provide environmentally accept-
able power generation without extra costs. Some government subsidies allowed first-of-a-kind plants to
enter the market, but now leveraged applications such as waste fuels, repowering of existing plants and
multi product facilities are being sited commercially.

Combined cycle power plant technology is becoming common place allowing a transition to the IGCC
concept. Continued gas turbine technology growth coupled with experience from early IGCC plants
should provide a clear choice for future solid fuel plants where environmental considerations are taken

into account.
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PRECOMBUSTION DESULFURIZATION USING
MICROCEL™ AND MULTI-GRAVITY SEPARATOR

Roe-Hoan Yoon, Gerald H. Luttrell and Parthasarathy Venkatraman

Center for Coal and Minerals Processing
Virginia Polytechnic Institute and State University
Blacksburg, Virginia 24061-0258

ABSTRACT

Studies conducted at the Center for Coal and Minerals Processing (CCMP) indicate that
surface-based processes such as froth flotation are inefficient in removing pyrite from fine coal.
This shortcoming has been attributed to the fact that pyrite can become hydrophobic under certain
conditions and to the inability of flotation to reject middling particles. To overcome these
deficiencies, a new processing scheme has been developed at CCMP which involves the use of the
Microcel™ flotation column in combination with a centrifugal flowing-film separator, called a
Multi-Gravity Separator (MGS). The flotation column removes ash-forming minerals such as
clay, while the MGS is effective in removing pyrite. Preliminary test data obtained with high-
sulfur coals show that this processing scheme can nearly double the pyritic sulfur rejection with
little loss in clean coal yield. This article discusses the underlying principles of the new circuit and
provides test results obtained using eastern U.S. coals.

INTRODUCTION

The 1990 Revision to the Clean Air Act mandates stricter emission standards for coal-
fired boilers in the United States. The enactment of this legislation in 1995 is expected to increase
the demand for lower sulfur coals. Some of the advanced cleaning technologies developed under
the auspices of the U.S. Department of Energy (DOE) may be useful for meeting this increased
demand. Of these, advanced column flotation is perhaps the most promising in terms of cost and
practicability. However, many investigators have shown that flotation is less efficient in removing
pyrite. One reason for the relatively poor rejection of pyrite is that it can become hydrophobic
when superficially oxidized, making its separation from coal difficult.! Another reason is that
composite particles containing small inclusions of pyrite and/or coal are readily floated.

To improve the rejection of pyrite, a new fine cleaning circuit has been developed at
CCMP. This two-stage circuit combines an advanced column flotation cell known as Microcel™
with a novel flowing film concentrator known as the Multi-Gravity Separator (MGS). The
Microcel™ column uses small bubbles to improve the flotation recovery of fine particles, while
the MGS utilizes centrifugal forces to enhance the gravity separation of fine particles. Test results
obtained at CCMP indicate that this new processing scheme can substantially increase the
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rejection of both ash and pyritic sulfur beyond what can be achieved using either the Microcel™
or MGS alone.

Microcel™ Flotation

The Microcel™ flotation column was developed in the early 1980's to take advantage of
the benefits of using smaller air bubbles for flotation. Small air bubbles increase the rate of
flotation and allow a higher throughput to be achieved at a given coal recovery.? Like most other
column flotation cells, Microcel is also equipped with a wash water system that minimizes the
entrainment of ultrafine mineral matter (such as clay) into the froth product. Thus, Microcel™ is
capable of achieving better rejections of mineral matter than conventional flotation.

A schematic representation of a typical Microcel™ unit is shown in Figure 1. In this
device, air bubbles in the range of 0.1-0.4 mm diameter are generated by passing air and a portion
of the flotation pulp through one or more in-line static (or motionless) mixers. The high-shear
agitation provided by the in-line mixers generates smaller air bubbles than other commercially
available air sparging systems. Also, the Microcel™ bubble generators are not subject to plugging
and can be serviced without column shut-down. The Microcel™ technology is marketed in the
U.S. coal industry by ICF-Kaiser Engineers and worldwide by Control International. More than a
dozen full-scale units are already in commercial operation, and several other installations are
currently planned or under consideration.

Wash
Water Wash Water
Distributor Drum Shell Scr:pers
~
o Froth T —
ean
Coal % Feed
': Slurry b
Level ~ ° % © Feed =» E—n = 3 prong
Transmitter - Water =» == ‘
;o g g g Botts
° % o d ./‘7
B [ pu |
Controller .. o° Alr
e
* o© In-Line e :”:1
P \ U

o ° Mixer -
LControl ®e °® — \
valve Refuse Clean Motor
Coal

Refuse \ﬂ : / Pun{p

<
—_—s

Frother
Figure 1. Schematic of the Microcel™ Figure 2. Drawing of the Multi-Gravity
flotation column. Separator.
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The Microcel™ flotation column has been shown to be very selective for removing well-
liberated mineral matter from fine coal. However, this surface-based process is less effective if the
feed coal contains a large amount of composite particles (i.e., middlings). This difficulty arises
from the fact that flotation recovery is a function of both particle size and particle composition.
The optimum particle size for flotation is usually 100 x 200 mesh.*> Therefore, a middlings
particle of the optimum particle size can be recovered more readily than well-liberated coal
particles that are outside the optimum range. The separation is further compromised when pyrite
becomes hydrophobic due to superficial oxidation.! '

Multi-Gravity Separator

The shortcomings of flotation may be overcome using density-based separations. Several

new concentrators have been recently developed which are capable of treating flotation-size coal.

One of the most promising of these is the Multi-Gravity Separator (MGS). The MGS is a

centrifugal flowing-film separator which is designed to separate particles based on differences in

specific gravity. The technology was developed by Richard Mozley Limited, UK., and is
distributed in North America by Carpco, Inc., of Jacksonville, Florida.

A schematic of the pilot-scale version of the MGS is shown in Figure 2. The operating
principle of this device is similar to that of a shaking table. However, by placing the table surface
inside a rotating drum, it is possible to achieve many times the normal gravitational pull on the
particles as they move with the flowing film of water along the internal surface of the drum. The
centrifugal field allows finer particles to be selectively separated than would be possible using
conventional flowing-film separators.

Successful applications of the MGS technology include the upgrading of cassiterite,
chromite, wolframite, gold, graphite and mixed sulfides. For these applications, the MGS can
treat particles in the range of 1-1000 microns with high separation efficiencies. In comparison,
shaking tables are generally only effective over a particle size range of 200-1200 microns. The
capacity of the MGS is also very high because of the centrifugal force. According to the
manufacturer, a double-drum MGS unit is equivalent to a dozen conventional shaking tables in
terms of throughput when processing fine particles.

The MGS technology should be particularly useful for coal desulfurization because of the
large differences in specific gravity between coal and pyrite. Unfortunately, many of the common
ash-forming minerals are removed less efficiently by the MGS because of their lower specific
gravity. Also, like other flowing-film separators, the MGS is incapable of handling ultrafine clay
“slimes" which are too small to be effectively treated.
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RESULTS
Laboratory Testing

The Microcel™ and MGS technologies were compared by conducting laboratory tests
using a 65 mesh x 0 coal sample from the Illinois No. 5 seam. The results of this preliminary
work are summarized in Table 1. The test data were obtained under two different sets of
operating conditions with each separator. (Tests using the combined Microcel™/MGS circuit
were not attempted with this particular coal.) At a recovery of approximately 90%, the MGS
achieved a higher overall rejection of pyritic sulfur (60% versus 35%), while the Microcel™
achieved a higher ash rejection (49% versus 26%). Similar results were obtained in the second
series of tests conducted at a slightly higher recovery of approximately 94%. These results
suggest that the Microcel™ and MGS technologies may be combined in a single circuit to
maximize the rejections of both ash-forming minerals and pyrite.

In order to evaluate the potential benefits of a combined Microcel™/MGS circuit, a
second series of laboratory tests were performed using a middlings sample of Pittsburgh No. 8
seam coal from northern West Virginia. The sample was obtained as a 1.4 x 1.6 SG float product
from a heavy media circuit processing a 50 x 6.3 mm feed coal. The sample, which assayed
26.2% ash, 3.34% total sulfur and 2.68% pyritic sulfur, was pulverized to a topsize of 65 mesh to
improve liberation. The pulverized feed was processed using the Microcel™ column, followed by
reprocessing of the froth concentrate by the MGS.

The results of the combined circuit tests are summarized in Table 2. As shown, the
reduction in ash content by flotation was relatively small (i.e., from 26.2% to 19.8%). This can be
attributed to the fact that most of the clay minerals were removed by screening prior to processing
of the 50 x 6.3 mm coal by heavy media. In contrast, the pyritic sulfur content of the coal was
reduced from 2.68% to 1.29% by flotation. A microscopic examination of the products indicated
that most of the pyrite particles rejected by flotation were well-liberated and relatively free of coal
inclusions. Reprocessing of the froth product by MGS further reduced the pyritic sulfur content
to 0.78%. The fact that this improvement was achieved with little sacrifice in combustible
recovery demonstrates that the MGS was very selective for removing pyrite.

Table 1. Testing of an Illinois No. 5 seam coal.

Test Ash Sulfur Pyrite Combustible

Series Rejection, % Rejection, % Rejection, % Recovery, %
MGS 25.9 36.7 60.1 90.3
Microcel™ 48.8 21.2 34.9 90.6
MGS 18.9 29.8 56.5 943
Microcel™ 48.6 19.4 34,5 94.5
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Table 2. Testing of a Pittsburgh scam heavy media product.

Process Product Total Pyritic Combustible
Stream Ash % Sulfur, % Sulfur, % Recovery, %
Microcel™:
Product 19.82 3.06 1.29 84.96
Reject 48.92 4.37 7.68 15.04
Feed 26.15 3.34 2.68 100.00
MGS: '
Product 17.36 2.13 0.78 98.15
Reject 68.85 21.72 11.62 1.85
Feed 19.82 3.06 1.29 100.00
Combined:
Product 17.36 2.13 0.78 83.39
Reject 51.83 6.91 8.26 16.61
Feed 26.15 3.34 2.68 100.00

Pilot-Scale Testing

A pilot-scale test program was undertaken to further evaluate the capabilities of the
combined Microcel™/MGS circuit under continuous operation. The test work was carried out
under the High Efficiency Preparation Program (Contract No. DE-AC22-92PC92205) sponsored
by the United States Department of Energy (DOE). The test circuit was installed at the Coal
Preparation Process Research Facility (CPPRF) located at the Pittsburgh Energy Technology
Center in Pittsburgh, Pennsylvania. The test circuit was designed by Roberts & Schaefer
Engineering in conjunction with research staff from CCMP. A run-of-mine coal sample from the
Pittsburgh No. 8 seam assaying 20% ash, 2.6% total sulfur and 1.2% pyritic sulfur was used in the
pilot-scale tests.

The flowsheet for the combined Microcel™/MGS test circuit is shown in Figure 3. Feed
coal to the circuit was dry ground to the desired topsize using an air-swept hammermill. The
pulverized coal was pneumatically conveyed to the circuit conditioning tank where it is mixed
with water to form a slurry of the desired solids content. A three-way valving system was used to
pass the feed slurry to either the Microcel™ or MGS. The feed sumps for these units were
equipped with overflow weirs so that excess feed slurry was automatically diverted to a trash
sump. This configuration allowed the two unit operations to be run independently and eliminated
the need to match throughput capacities. The feed slurry is passed to either the Microcel™ or
MGS using a variable-speed pump. To achieve the desired maximum circuit capacity of 250
kg/hr, the circuit utilized a 50-cm diameter Microcel™ column and 50-cm diameter MGS. The
clean coal and reject streams from the Microcel™ and MGS units were sampled and then allowed
to flow by gravity to a trash sump. When testing the combined circuit, the froth product from the
Microcel™ was passed through a foam-breaker before being diverted to the MGS feed sump for
recleaning.
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Figure 3. Schematic of the combined Microcel™ MGS test circuit.

The Box-Behnken experimental design technique was used to optimize the performance of
the Microcel™, MGS and combined Microcel™/MGS circuits. Eight different operating variables
were examined in the test work. For the Microcel™ unit, these variables included feed rate,
frother dosage and particle size. Variables examined for the MGS unit included feed rate, wash
water rate, drum rotation speed, feed solids content and particle size. All remaining operating
variables for each unit were held constant during testing. Table 3 provides a summary of the
specific settings that were examined during the test program.

The ash and pyritic sulfur contents of the concentrates obtained from the pilot-scale test
runs are plotted as a function of energy recovery in Figures 4 and 5, respectively. As shown, the
froth products from the Microcel™ unit were typically 6-8 percentage points lower in ash than the
concentrates obtained using the MGS. This can be attributed to the ability of flotation to reject
clay minerals which are too small to be separated using density-based techniques. In contrast, the
concentrates obtained using the MGS contained 0.5-0.7 percentage points less pyritic sulfur than
those obtained by flotation. This shows that the MGS is more efficient in rejecting coal-pyrite
middlings than surface-based techniques such as flotation. The best overall separations were
achieved by reprocessing the froth product from the Microcel™ using the MGS. The combined
circuit gave ash rejections similar to (or slightly better than) those obtained using the Microcel™
column and pyritic sulfur rejections very close to those obtained using the MGS.
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Table 3. Test conditions examined in the present work.

Test Variable Lower Middle Upper
Variable Unit Setting Setting Setting
Microcel™
Feed Rate kg/hr 1.36 181 227
Frother cc/min. 0.5 1.0 1.5
Particle Size microns 100 200 300
Water Rate Ipm — 40 —
Air Rate m>/min. --- 0.25 -
Feed Solids % — 15 ---
Collector kg/t -—- 0.5 ~—-
MGS:
Feed Rate kg/hr 45 92 136
Water Rate lpm 0.5 1.0 1.5
Drum Speed pm 240 280 320
Feed Solids % 15 20 35
Grind Size microns 100 200 300
Amplitude mm — 15 --
Frequency cps - 4 -—-
Tilt Angle degrees — 6 —

*Particle diameter reported as an 80% passing size

Table 4 provides a summary of the best separation performance obtained during testing of
the Microcel™, MGS and combined Microcel™/MGS circuits. Under optimum conditions, the
Microcel™ gave a higher ash rejection than the MGS (i.e., 67.3% versus 46.6%). In contrast, the
pyritic sulfur rejection obtained using the MGS was considerably higher than that obtained using
the Microcel™ (i.e., 79.4% versus 34.3%). However, by combining the two unit operations, an
energy recovery of 89.1% was obtained at an ash rejection of 80.7% and pyritic sulfur rejection of
81.7%. These results verified the previous laboratory studies which indicated that the combined
Microcel™/MGS circuit is superior to conventional processes for fine coal cleaning. The
effectiveness of this circuit is most apparent in terms of sulfur dioxide emissions which were
reduced from 4.74 1b SO/MM Btu for the run-of-mine feed to 2.43 Ib SO/MM Btu for the clean
coal product. These results were obtained at a Microcel™ feed rate of 225 kg/hr, MGS feed rate
of 135 kg/hr, MGS wash water rate of 1.0 liter/min. and MGS drum speed of 280 rpm.

DISCUSSION

The Microcel™ and MGS technologies each possess characteristics that allow them to
reject different types of mineral impurities from coal. These differences are best illustrated in
Figure 6 in which the ash and sulfur data shown previously in Figures 4 and 5 have been replotted.
As shown, the Microcel™ test data fall in the low-ash/high sulfur region of the plot. This
indicates a preferential removal of ash-forming minerals using the surface-based separation
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technique. The MGS data, on the other hand, fall in the high-ash/low-sulfur region of the plot.

This suggests that the MGS removes high-density pyrite in preference to other ash-forming
minerals. The combined circuit takes advantage of the benefits of both surface- and density-based
separation techniques and provides a low-ash/low-sulfur coal product. The major advantage of

this approach is that it can achieve high rejections of ash and pyritic sulfur without micronizing the
feed coal to ultrafine sizes.

Table. 4 Optimum separation for the Pittsburgh No. 8 coal.

Parameter | Microcel™ | MGS | Combined
Clean Coal:

Yield, % 80.1 84.3 77.7

Recovery, % 91.0 93.1 89.2

Ash, % 7.62 14.1 5.58

Sulfur, % 2.54 1.83 1.74

Pyritic, % 0.78 0.30 0.41
Rejection:

Ash, % 67.3 46.6 80.7

Sulfur, % 19.0 49.6 53.4

Pyritic, % 34.3 79.4 81.7
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CONCLUSIONS

1. A novel fine coal cleaning circuit has been developed at Virginia Tech that combines
Microcel™ column flotation with a centrifugal flowing-film separator called a Multi-Gravity
Separator (MGS). This two-stage circuit is capable of overcoming problems normally
encountered with single-stage surface- and density-based coal cleaning processes.

2. Test data indicate that the Microcel™ flotation column is effective in rejecting well-liberated
mineral matter, such as ultrafine clay slimes, from fine coal streams. On the other hand, MGS
is more efficient in removing composite particles containing a high specific gravity component
such as pyrite.

3. Test results obtained with high sulfur coals show that the combined Microcel™/MGS circuit
substantially improves the rejection of ash and sulfur from eastern U.S. coals. For the case of

the Pittsburgh No. 8 coal, this processing scheme nearly doubled the rejection of pyritic sulfur
with little loss in energy recovery.

4. The major benefit of the combined Microcel™/MGS circuit is that it allows high levels of
pyritic sulfur rejection without fine grinding.
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EMISSION AND THERMAL PERFORMANCE UPGRADE
THROUGH ADVANCED CONTROL BACKFIT
by

Dr. Ajoy K. Banerjee
Stone & Webster Engineering Corporation
245 Summer Street
Boston, Massachusetts

Abstract

Reducing emission and improving thermal performance of currently operating power plants
is a high priority. A majority of these power plants are over 20 years old with old control
systems. Upgrading the existing control systems with the latest technology has many
benefits, the most cost beneficial are the reduction of emission and improving thermal
performance. The payback period is usually less than two years.

Virginia Power is installing Stone & Webster’s NO, Emissions Advisor and Advanced Steam
Temperature Control systems on Possum Point Units 3 and 4 to achieve near term NO,
reductions while maintaining high thermal performance. Testing has demonstrated NO,
reductions of greater than 20 percent through the application of NO, Emissions Advisor on
these units. The Advanced Steam Temperature Control system which has been operational
at Virginia Power’s Mt. Storm Unit 1 has demonstrated a significant improvement in unit
thermal performance and controllability. These control systems are being combined at Units
3 and 4 to reduce NO, emissions and achieve improved unit thermal performance and
control response with the existing combustion hardware. Installation has been initiated and
is expected to be completed by the spring of 1995. Possum Point Power Station Units 3 and
4 are pulverized coal, tangentially fired boilers producing 107 and 232 MW and have a
distributed control system and a PC based performance monitoring system. The installation
of the advanced control and automation system will utilize existing control equipment
requiring the addition of several PCs and PLC.
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Figure 2
NO, Test Data from Day 3 of NO, Advisor Test
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Helping to Reduce Turbomachinery Losses Through
Advanced Technology and On-line Expertise

Richard E. Feigel, Ph.D.
Assistant Vice President

The Hartford Steam Boiler Inspection & Insurance Co.

Hartford CT USA

Protecting corporate assets is a challenge when turbomachinery
is involved. When turbomachinery fails, risk managers and owners
are faced with more than just property damages. In some
industries, loss of a turbine generator can reduce production
capacity by as much as 50 percent. When production slows,
companies risk losing customers and, if the problem persists,
market share.

Unfortunately, losses to turbomachinery and other rotating
equipment are both expensive and common. Between 1980 and 1987,
they accounted for about 16 percent of the losses reported to
The Hartford Steam Boiler Inspection and Insurance Company, the
leading provider of equipment insurance in the United States.
Steam turbine generator losses alone accounted for 13 percent of
the total claims dollars paid by the Hartford-based company
during the same period.

It's clear that turbomachinery poses a set of unique
problems for risk managers. The size of the equipment, the role
it often takes in production and the severity of a loss all
combine to make a risk manager's job that much more difficult.
But while the job may be difficult, it's not impossible. Through
a combination of advanced technology, regular predictive mainte-
nance and some expert advice, today's risk managers, working
with plant operational personnel, are reducing major
turbomachinery losses.

There are several telltale signs that warn plant personnel
of an impending turbomachinery failure. One is vibration. All
turbomachinery will vibrate at some level, even when in good
working condition. But a change in the vibration level usually
indicates a change in the machine's performance. If plant
personnel can detect a change early enough, they may be able to
avoid an unscheduled shutdown.
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A system of regular data collection allows plant personnel
to identify dangerously high vibration or recognize changes in
vibration.When regular readings are taken, a "signature" of the
equipment's normal vibration level emerges. With a baseline
established, it's easier to identify vibration levels that need
attention. Some companies periodically collect data on a regular
schedule, using hand-held equipment. Others have installed
continuous vibration monitoring equipment on larger or more
critical equipment.

Hartford Steam Boiler recently introduced a periodic
vibration data collection program called DATALERT™ to help its
customers separate problem from non-problem machines. As a
result, companies can focus resources on equipment that needs
immediate attention. And equipment in good working condition
doesn't tie up resources unnecessarily at the next maintenance
turnaround.

DATALERT is an integrated machinery vibration data
collecting and expert analysis system developed by Hartford
Steam Boiler to assist customers in preventing rotating machine
downtime or losses. Periodic vibration readings are taken
remotely by plant personnel using hand-held, pre-programmed
vibration monitors. The readings are then transmitted to a
central minicomputer using a modem over standard telephone
lines. Without human intervention, the computer system processes
the vibration measurements to highlight machines which are in
alarm or are trending toward an alarm.

The system then employs a diagnostic expert system with a
knowledge of machinery vibration to produce an expert analysis
report with a prioritized list of potential problems and
recommendations. Plant staff can then take appropriate
corrective action. A centralized relational database stores the
data on-line for access by both human and computerized expert
analyses.

Analysis of the overall vibration levels and associated
vibration frequency signatures can result in the early detection
and isolation of common machinery problems. These problems
encompass misalignment, imbalance, antifriction bearing defects,
and mechanical looseness, among others. This early detection
allows corrective maintenance to be prioritized and scheduled
during non-critical periods, resulting in increased machinery
availability and significant savings in both replacement parts
and labor costs. Production is therefore maximized and the risk
of premature failure reduced.
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DATALERT collects, processes, and analyzes machinery
vibration data and resulting vibration frequency signatures as
part of an integrated predictive maintenance system. All
categories of rotating machines, except reciprocating, can be
monitored. These machines typically have operating speeds from
300 to 20,000 revolutions per minute and are usually rated above
30 horsepower.

The system is not designed to replace permanently installed
vibration monitoring systems on critical machinery. Instead, it
augments these systems, which often do not provide historical
information or spectral data. It can help identify potential
problems, indicate their severity, and assist in predicting how
long a machine can operate before a failure is likely.

It does this by comparing current measurements, as well as
historical trend data, with a set of pre-defined alarm set points.
DATALERT is unique for the following reasons:

1. It includes a large, centralized database with machinery data
from various facilities around the world. This enables trends
and common machinery problems to be traced and analyzed on-line.

2. It provides an automated Expert Analysis Report which offers
a preliminary diagnosis and a vibration analyst's
recommendations for machinery suffering stress.

3. It eliminates the time-consuming manual processing of
vibration data into useful information. The savings has been
estimated at three hours for each set of data.

4. It provides streamlined loss prevention reports, alarm
reports, estimated time to alarm reports, selected overall
vibration trend plots, and frequency spectra.

5. It allows around-the-clock direct personal computer access to
the central computer for immediate review of all reports, plots,
and analysis information.

6. It incorporates a vibration analyst expert system to employ
the expertise and knowledge of machinery vibration specialists.

The central computer and staff, along with plant personnel and
machinery, collectively make up the DATALERT system. Hartford
Steam Boiler assists in the training of customer personnel and
processes the data into useful information to provide insight
into the causes of machinery vibration. The customer incorpo-
rates this insight into its maintenance program to ensure
continued maximum production.

695




The components of the program involve four areas:

Route development

Data collection and transmission

Reporting and plot generation

Expert analysis and corrective action recommendations

>N =

Route Development

A route is the order in which periodic measurement data is
collected for each machine. Each route defines certain
information about the machines to be monitored, where they are
located in the plant, and the type of measurements collected.
Routes normally consist of the measurement information for
approximately twenty-five machines. Each location or site
usually has numerous routes. Once this information is stored in
he central computer's database, the monitoring process can
begin.

Machine Train Identification:

The first step in developing a route is to identify the machines
which should be monitored and establish their priority.
Identifying the machines to monitor begins with a review of the
plant layout and the compilation of a list of all of the machine
trains in the plant.

Certain machines, such as reciprocating machines, are not good
candidates for this predictive monitoring program. Machine train
types and component types that have been monitored in the
project typically have operating speeds from approximately 300
to 20,000 RPM and are usually rated above 30 HP.

This list is then prioritized relative to the effect that the
loss of a particular machine will have on production and
maintenance costs. The different machines in the plant may or
may not require the same amount of attention. Some machines are
considered high priority or critical to production. These will
require more attention than a machine that is of little
consequence to production or is easily replaced.

The program classifies machines into three priorities: unspared
critical (priority 1 ), spared critical (priority 2) and
non-critical (priority 3). Unspared critical machines are
defined as machines which are not spared and whose outage would
result in partial or complete loss of production for an extended
period of time. Examples of these include turbine generators and
syn-gas compressors. Spared critical machines refer to machines
which are spared but whose loss would result in a loss of
production for a short period of time. ID and FD fans may fall

6396



into this category. Non-critical machines are defined as those
machines whose outage would not immediately affect production
and which could be replaced before production loss would occur.

Machine Train Data Compilation:

Once this list is prioritized, information about each train is
compiled. This information will be used to identify possible
sources of vibration. Nameplate data is collected, along with
maintenance records, blueprints and OEM (original equipment
manufacturer) documentation necessary to get sufficient
information related to the number of blades, the number of balls
or rollers in a bearing, number of gear teeth, etc.

Information about the cylindrical and conical modes of vibration
of rigid rotors and the bending critical modes of flexible
rotors, if known, is also collected. Machines built to API
specification require that much of this information be
identified on the test stand at the OEMs before shipment.
Certain machines operate in a variable speed mode through
various schemes of governors or controllers. This requires that
the operating speed range of these machines be compiled for
later use in analysis. The information collected for each
machine train is used to identify the machines to be monitored
and the sources of vibration within each. Hartford Steam Boiler
provides forms to collect this information. On the forms, the
information related to a specific machine to be monitored is
noted. This information usually includes machine name,
manufacturer, serial number, model number, speed, horsepower,
type of bearings, and critical speeds. Other information needed
to help identify sources of vibration may or may not be readily
available. This information is usually compiled over a longer
period of time, as needed, or during maintenance. Examples of
this type of information include the bearing manufacturer, the
number of gear teeth on a gear, and the number of impeller
vanes.

Measurement Point Identification:

The third step in the route development process involves
establishing the measurement points on a machine train to be
monitored and determining the alarm levels for these points.
Measurement points are normally located as close to a machine's
bearings as possible. Each position is clearly marked on the
bearing housing, numbered and given an orientation, such as
vertical, horizontal, or axial. Next, all units of vibration to
be taken at the machine train position are identified. Some
measurements are more meaningful to an analyst if they are
reported in particular units. For example, when severity of
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vibration is desired, the preferred unit of measurement is
inches/second or Gs.

Ball pass frequency measurements are useful in evaluating the
condition of low-speed machinery with ball or roller bearings.
Three alarm level set points are used by the computer system. A
level called "warning" notifies plant personnel that a machine
is in potential distress. The next level is "alert" which
indicates that a machine is definitely in distress and requires
prompt attention. The third level is "danger" which indicates
that the machine is in imminent danger of failure. Once a
machine exhibits the first distress level, the frequency of data
collection can be increased to provide more accurate trending of
this data over time. The data is then extrapolated to determine
when the danger level is likely to be reached. This procedure
allows for a planned shutdown to investigate and repair the
problem.

These alarm levels are determined for each measurement position
by using industry standards such as ISO Standards 3945 and 2372,
or API Standards 541,613 and 612.

Route Machine Train Identification:

The fourth step in developing routes is to define the machine
trains which compose a data collection route. Certain machine
trains are grouped together on a route monitored on a periodic
basis, based on the criticality of the machines. Measurements
are normally collected every two weeks for most machines.

The measurement collection device used in the program is a
hand-held, battery-operated data collector. Along with the data
collector, an accelerometer and associated mounting devices
(magnet and hand-held probe) are provided for collecting
vibration measurements. The data collector can be pre-programmed
to facilitate the gathering of machinery data on a regular
basis. Up to 270 data gathering points (about 25 machine trains)
specifying a particular machine, measurement point, unit, and
direction can be loaded into the data collector. The data
collector also accepts certain alarm set points which trigger
the collection of spectral data.

Computerized Database Storage:

The final step in the development of a route is the storage of
all machinery data collected in a large multi-user relational
database located on a large minicomputer. This database is
designed to optimize the storage of all the machinery component
data and information related to a route. The information in the
database includes such items as the machine name, measurement
locations, operating speed, and nameplate data. A customer
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accesses the database with a personal computer and a modem. An
on-line database utility allows easy entry of the information
about the machine trains in the DATALERT program and the routes
to be followed.

The user can later use this same utility to modify an existing
machine train's measurement locations, alarm levels, or points
to be monitored. The customer can also view or download summary
reports of a specific machine train or an entire route directly
from this utility.

The database also stores all vibration measurements and
operating parameters collected from all monitored machines. A
machinery history table is maintained on-line for up to five
vears. This allows for the observation of trends on specific
machines, as well as failure analysis across various types of
machinery components.

The database now contains 4,900 machines, 9,000 bearings, 25,000
measurement points and 100,000 measurements. A total of 1,065
machines have had measurements 1ln the "Danger" area.

Data Collection and Transmission

After route development has been completed, an operator

downloads an initial route from the central computer to take the
first set of vibration readings. After the initial loading, the
software automatically schedules the next route to be loaded

into the collector based on the frequency of the routes and the
last time data was received for each route.

The operator captures vibration measurements from the specified
points and directions shown on the data collector and may re-take
any points or skip past a machine which is currently out of
service. After this has been completed, these measurement and
spectra readings are transferred from the collector to the central
computer through a modem connected to an outside telephone line.
After all data is received, the next route is sent back to

the collector.

Reporting and Plot Generation

Following the successful loading of data, the software
automatically starts the reporting and plot generation routines.
These reports provide a condensed view of those machines which
are currently in alarm or are trending toward an alarm. The
first report issued to plant personnel is the Loss Prevention
Report. This automated report incorporates a computerized expert
system to diagnosis machines which are currently in alarm. The
report includes an executive summary of the machines currently
in alarm, followed by a diagnosis of each machine with suggested
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recommendations. Critical machines listed on the Loss Prevention
Report are reviewed by vibration analysts at Radian Corporation,
Hartford Steam Boiler's scientific research and consulting firm,
who examine the expert system's results and provide immediate
feedback on severe problems to operations personnel.

The next report sent to plant personnel is the "Route Summaxry
Report". This report gives a summary of measurements taken and
missed, a listing of the machines in alarm, and the alarm
status. This informs the plant personnel of machines that have
moved into alarm since the last readings were taken, by listing
the machine as "Added". Machines that have remained in alarm
since the last measurement are listed as "Still in Alarm". When
a machine has previously high readings that have moved below the
alarm level, it is listed as 'Removed'. Machine priority is also
listed in the Route Summary Report to aid plant personnel in
setting maintenance priorities.

The "Overall Vibration Alarm Report'"is a detailed breakdown of
the alarms triggered since the last vibration measurements were
transmitted to the central computer. This report lists alarm
levels reached, percentage exceeding alarm threshold, and date
of transmission for processing. This report aids staff experts
in determining the sevérity of machine problems.

The "Estimated Time to Alarm" report lists machines currently
having minimal difficulty which are expected to reach the danger
level within 90 days. DATALERT creates this predictive report
from the last five measurements readings sent for the machine
having problems. The trend is identified and extrapolated to the
expected time to failure. This report gives the plant personnel
the opportunity to schedule and perform maintenance.

The "Vibration Measurements" report is a detailed listing of all
of the vibration readings in the route. This report also
includes the percentage change since the last vibration
measurements sent to the computer. This significant piece of
information informs staff experts and plant personnel of the
rate at which the overall machine vibration is increasing. The
combination of the reports gives a comprehensive view of
machinery in potential distress.

These reports are available for around-the clock review. In
addition to numerical reports, the system automatically
generates graphic reports known as Trend and Spectra plots for
the measurement positions which have exceeded an alarm. In 1994,
the reporting functions of DATALERT were enhanced by the
introduction of Knowledge Manager™-

While data collection and analysis are certainly key in

determining the health of turbomachinery, effective loss control
efforts also involve choosing the right method for solving an
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equipment problem. For instance, if a turbine blade failure
causes the turbine's output to drop by 100 megawatts what is the
best way to bring output back up to its original level? The
choices might be a $2 million component replacement or a
$500,000 weld repair. Advanced technological tools like ma-
chinery monitoring, stress analysis and metallurgical analysis
will help determine if the $500,000 weld repair will hold over
time. With the help of expert advice, risk managers can make
that decision confidently.

Future Developments

Work is under way to extend the architecture of DATALERT to
other critical equipment. More significantly, we intend to
investigate improvements in the expert systems based analysis
provisions of DATALERT which will analyze trends over large
populations of similar equipment. Our intent is to provide
access to our databases on a non-disclosure basis to aid owners
in improving predictive maintenance practices and potentially
developing screening criteria for equipment selection.

Today, turbomachinery plays a critical role in many businesses.
From generating power to facilitating production, these machines
perform functions that businesses rely on to maintain
profitability.

The challenge for risk managers is a formidable one. But with
the help of advanced technology and expert advice, today's risk
managers can meet the challenge. -
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Competitive Power Development

Thomas F. Garrity
and
Harry G. Stoll

GE Power Systems Engineering
Schenectady, NY USA

Abstract

Electric power is essential to economic growth and the improvement in the standard of living in
modern societies. Maximizing the overall economic efficiency of electric power production can
lead to even stronger economic growth. Overall electricity efficiency can be driven by utilization
of the newest and most economically efficient technologies, utilization of the most efficient
financial structuring, and efficient integration of coproduction of electricity and process energy.
The challenge is to drive the power generation strategy toward maximum economic efficiency
while improving the overall country environment emissions. This paper reviews the key power
generation technologies available today and in the near future. Of key importance is the capital
cost, efficiency, environmental impacts, and reliability of each technology and how these
technologies can be integrated with efficient financial structurings to maximize the country power
generation economic efficiency. Examples of several countries are used to show recent successes
in maximizing economic efficiency.
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Competitive Power Development

Thomas F. Garrity
Harry G. Stoll

Power Systems Engineering Department
GE Industrial & Power Systems

INTRODUCTION

Electric power is essential to economic growth and the improvement in the standard of living in modern
societies. Maximizing the overall economic efficiency of electric power production contributes to
stronger national economic growth and a more world-competitive national economy. To achieve greater
conomic efficiency, countries are evolving to provide electricity customers with more options and
thereby greater opportunity to improve their own economic efficiency. With overall economic efficiency
and growth as the driver, many countries are deregulating the power industry, privatizing the existing
power system assets, encouraging independent power development of new projects, and creating
competition among utilities, independent power project developers, and industrial cogenerators. In this
new, very competitive world, how can a power developer/producer be the most competitive supplier?

The answer lies in creatively utilizing advanced technologies for competitive advantage.

The object of this paper is to provide insight into the technology advances being made and how they
influence competitive advantage. The paper will first review the technologies and their economic and
performance features that are key to competitive advantage. In this paper, the term “project developer"
will be applied to any organization ( utility, independent power producer, industrial generator, etc.) who
is in the power generation business.

NUCLEAR TECHNOLOGY EVOLUTION

Nuclear technology has been evolving continuously over the 40 years of its application. The Advanced
Boiling Water Reactor (ABWR) is the most recent evolutionary leap in technology. The ABWR (shown
in Figure 1) was developed by an international team of BWR manufacturers. Major objectives of the
ABWR program were to respond to the power industry needs for improved and simplified operation;
improved capacity factor; improved safety and reliability, reduced occupational exposure and radwaste;
and reduced construction, maintenance, operating and fuel costs.
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Figure 1 -- ABWR Plant Diagram

The ABWR conceptual design team's mission was to combine the best features of BWRs from the USs.,
Europe and Japan into a single advanced, yet proven, design. Following completion of the conceptual
design, the ABWR development effort continued under the sponsorship of the Tokyo Electric Power
Company (TEPCO), the world's largest private utility with 17 BWRs in its nuclear program. The ABWR
was licensed for construction on May 10, 1991, by Japan's Atomic Energy Commission and construction
work on the first two ABWR units, Kashiwazaki-Kariwa Units 6 and 7 began in the summer of 1991.
Unit 6 is to begin commercial operation in July, 1996, and Unit 7, a year later. These plants are estimated
to have a total installed capital cost of 1900 $/kw.

The ABWR reactor thermal output is 3926 MWth which provides for a turbine-generator gross output in
excess of 1356 MWe (1300 MWe net). The reactor core consists of 872 fiel bundles operating at a
power density of 50 Kw/liter. The ABWR, like all BWRs, is capable of using the most current advanced
fuel/core design features. Examples of recent fuel improvements are fuel rods with a zirconium barrier
liner, axial variation of enrichment and gadolinia, high fuel exposure, minimal control cells, no shallow
control rods and no rod patterr exchanges.

In summary, the new evolutionary ABWR design has responded to the power industry needs and will be
a major contributor to the environmentally responsive technologies of the 2000s.

COMBUSTION TURBINE TECHNOLOGY

Combustion turbine technology has evolved from the 1950s to serve a range of application needs. The
short lead time and low capital cost of simple cycle gas turbines make these units ideally suitable for
peaking applications. In a few places in the world where natural gas or high quality oil is available at a
low fuel price, simple cycle gas turbines find application in midrange duty ( 1500 to 4500 hours per year)
and in base load application ( greater than 4500 hours per year). Gas turbines are usually segmented into
two types, "heavy duty" gas turbines characterized as land based designs having pressure ratios of 10:1 to
15:1, and aero-derivative gas turbines characterized by low weight, high efficiency associated with
pressure ratios of 25:1 to 30:1. Representative total installed cost for a single unit (including plant
equipment, installation, interest during construction, licensing, and other owners costs) of several
alternate simple cycle plants is illustrated in Figure 2. The actual total installed cost is site specific
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including the number of gas turbines being installed, the local labor rates, and local labor productivity..
(ias turbines also have a steep economy of size trend. A 40 MW gas turbine typically costs 20% more on
a $/kw basis than a gas turbine twice its size, 80 MW. Thus, there is a competitive economic incentive
to apply the larger gas turbine sizes if the application permits. Efficiency improvements have traditionally
heen achieved by developing materials and cooling techniques to increase the firing temperature. The
total installed cost of the high efficiency units is usually slightly higher in installed cost because the units
utilize more expensive materials. Thus, the higher efficiency units tend to be more competitive at higher
operating hours per year. The higher efficiency units are designed with intricate cooling technologies
which requires the use of clean fuels such as natural gas or distillate oil. In many areas of the world
where-these fuels are not available at competitive prices, the less expensive heavy/residual oil fuels are
preferred which then limits the gas turbine to the "E" or lower technology. Table 1 presents a simplified
application matrix for simple cycle technologies based on the GE 60Hz products. This matrix is useful
for preliminary screening but is not a substitute for more detailed competitive analysis techniques
presented later in the paper.
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Figure 2 - Simple Cycle Plant Cost Trends
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Table 1
Simplified Application Matrix: Simple Cycle - 60 Hz.

Small Large Power Heavy
Applic Needs Oil Fuels
ations
Gas Techn | GT | Efficiency | Less Greater | Less Greater
Turbine ology [ MW | % -LHV | 1000 1000 1000 1000
Model Size | @ISO Hrs/Yr | Hrs/Yr | Hrs/Yr | Hrs/Yr
@
ISO
MS 5p "Cc" 20 26.6% * *
MS 6B "E" 38 31.4% * *
LM 6000 "F" 40 38.9% *
MS 6FA "F" 70 34.2%
MS T7E "E" 83 32.5% * *
MS 7EC "E" 116 | 34.9%
MS 7FA "F" 168 | 36.2% * *

COMBINED CYCLE TECHNOLOGY

Combined cycle plant involves the addition of a steam bottoming cycle to utilize the heat in the gas
turbine exhaust. This configuration leads to the most thermally efficient power plant currently available.
In addition, the installed plant cost is relatively modest, less than half the cost of installing a new
pulverized coal steam plant. The environmental emissions of these plants is very low especially on natural
gas with essentially no SOx production, low NOx production at levels of 9PPM, and very low
greenhouse gases per MW due to the high plant efficiency. Overall, when natural gas is available, the
combined cycle technology has become the most competitive plant technology for mid-range and base
load applications.

Since 2/3 of the output of a typical combined cycle plant is from the gas turbine, combined cycle
technology is driven by gas turbine technology. It is fortuitous that the gas turbine pressure ratio that
gives the least $/kw in simple cycle applications also provides the maximum efficiency in combined cycle
mode. The optimum pressure ratio is dependent on the firing temperature and ranges from 12:1 to 15:1
as the firing temperature ranges from 2000F to 2300F. While the aero-derivative gas turbines have the
highest simple cycle efficiency, they may not necessarily have the highest combined cycle efficiency.

The total installed cost of alternative combined cycle plants is illustrated in Figure 3. A typical
nomenclature for describing a combined cycle plant is to characterize it in terms of the number of gas
turbines and model series for each steam turbine. For example, a STAG 207FA describes a plant utilizing
two GE 7FA gas turbines with one steam turbine. From Figure 3, the combined cycle plants have a large
economy of size especially for the small unit sizes. In addition the advanced technology units have an
economy of technology scale as well. Not only do the advanced technology units have an efficiency
benefit but there is also a small $/kw benefit as well Plants of the same MW output that utilize one gas
turbine rather than two smaller ones also have an economy of size. Thus there is a strong competitive
influence to drive power projects to large plant sizes using the largest available gas turbines with the most
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advanced technology. Specific project factors add constraints including:

The project size may be limited to the customer MW capacity demands at a specific location as is
typical with in-plant cogeneration projects,

The project size may be limited due to the load growth of the utility power distributor, typically in
the range of one to three years of annual load growth.

The project may need to utilize a multiple gas turbine configuration to reduce the consequences of a
trip of any major piece of equipment.

Transmissions system constraints may limit the total power input at the plant location in the network.

Table 2 presents a simplified application matrix for preliminary screening of projects.
$/KW TOTAL INSTALLED COST (iSO Basis)
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Figure 3 - Combined Cycle Installed Cost Trends
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Table 2
Simplified Application Matrix: Combined Cycle - 60 Hz

Small  Medium Large Heavy
Applic Power Power Oil Fuels

ations  Needs Needs
Combined | Techn | Unit | Efficiency
Cycle ology | MW | % -LHV
Model Size
S 105P "C" 37 44.0% * %
S 10LM6 "F" 52 52.0% %
S 106B "E" 59 48.6% * *
S 20LM6 "F" 105 |52.4% *
S 106FA "F" 108 | 52.9% *
S 2068 "E" 120 | 49.0% *
S 107EA "E" 129 | 50.2% * *
S I07EC "E" 178 52.8% *
S 107FA "F" 253 {55.0% %
S 207FA "F" 510 {55.3% *
S-Adv. Tech | Adv. 60% *

In addition to straight power projects, there is a strong economic incentive for using a combined cycle
plant to co-produce (cogenerate) electricity and process steam for use by a process industry, paper,
petroleum refinery, foods, etc.. Typically, steam is required for process at pressures ranging from 3 Atm.
to 40 Atm. at near saturated conditions. Typically, the process industry generates the steam in a fossil
fueled boiler . The combined cycle plant is well suited for cogeneration. For the combined cycle plant,
the quality of steam for process has less value for making electricity since it is of low pressure and
temperature. Consequently, steam extraction from the steam turbine to a process industry increases the
overall efficiency of power generation since the process industry can utilize the heat that a straight power
cycle would reject to the condenser. For the reason of energy efficiency, many governments have
encouraged cogeneration. Project developers that can fit projects into this "niche" have a competitive
advantage in the important regulatory approval process including favorable licensing, site availability, and
site location near existing fuel and electric transmission facilities. However, the price being paid for the
steam by the process industry may be less than the opportunity value for making additional electricity. In
this case, project developers have the incentive to minimize the amount of steam extracted for process.

In summary, combined cycle technology is a very competitive power project technology candidate for
power systems utilizing natural or synthetic gas, or distillate oils. In many areas of the world where these
fuels are not available at competitive prices, the less expensive heavy/residual oil fuels are preferred. The
leading technology for burning heavy/residual oils uses the "E" machine in combined cycle although lower
firing temperatures may be recommended depending on the fuel impurities. Additional equipment is
necessary for a combined cycle to burn heavy fuel including a fuel wash or purification system to remove
alkali materials in the fuel and a vanadium inhibition <vstem to prevent vanadium corrosion attack. The
vanadium inhibition generally involves the addition 1"+ magnesium compound to the fuel which produces
an ash deposit and leads to gradual performance .!-uradation. The ash deposit is typically removed
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periodically ( one a week to once a month) by washing the turbine, which requires a 10 hour shutdown.
Thus, heavy fuel operation incurs a capital cost increase, an average performance degradation, a some
availability loss, a larger maintenance cost, and a requirement to use "E" or lower technology. When all
factors are considered, the competitiveness of a heavy oil combined cycle plant may be less than an "F"
technology unit operating on distillate oil or an IGCC plant on heavy oil, petroleum coke, or coal.

IGCC TECIINOLOGY OVERVIEW

Should oil/natural gas fuel prices increase, existing simple cycle plants can have a steam cycle added
which leads to a very eflicient combined cycle plant. Should fuel prices continue to rise, a coal gasifier
can be added so that coal can be used as the fuel for the combined cycle plant. Thus IGCC technology
permits flexible development to meet the power supply needs. IGCC has advantages of very low
environmental emissions, high thermal efficiency, and competitive economics with other coal fueled
technologies. '

Coal gasification technology was first practiced by gas illumination companies more than 70 years ago
and was also used during the 1940s where petroleum supplies were scarce. The technology for power
generation was conceived during the 1970s and demonstrated in several projects during the 1980s. IGCC
is now ready for commercial application and is expected to be the key evolving power technology of the
late 1990s. Table 3 presents a summary of the major IGCC projects. Over the last three years, fifteen
major new IGCC projects have been committed. These projects include greenfield sites, repowering,
cogeneration, and poly-generation projects utilizing coal, petroleum coke and residual oils.  The
commercialization of this large group of projects is further testimony to the competitiveness of the IGCC
technology. Today, IGCC is the environmentally and economically preferred technology for burning
residual oil fuels. As these projects demonstrate the favorable competitive advantages of IGCC, this
technology will also evolve to be the environmentally and economically preferred technology for burning
coal fuels.
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Table 3
Major IGCC Projects

Project C.0.D. MW  Application Gasifier Turbines
Coolwater 1984 120 Power/Coal Texaco GE
Plaquemine 1987 161 Power/Coal - Dow W
Shell-Netherlands 1994 253 Power/Coal Shell Siemens
PSI Energy, USA 1995 265 Repower/Coal Destec GE
Tampa Electric, USA 1996 265 Power/Coal Texaco GE
Puertollano, Spain 1996 320 Power/Coal Prenflow Siemens
Sierra Pacific, USA 1996 100 Power/Coal KRW GE
Texaco El Dorado, USA 1996 40 Cogen/Pet Coke  Texaco GE
SUV/EGT, Chech 1996 450 Coal Lurgi GE/EGT
Shell Pernis, Neth. 1997 80 Cogen/H2/0il Shell GE

API, Ttaly 1997 200 Oil Texaco ABB
TBA, Europe 1998 350 Cogen/Oil Shell GE/EGT
ISAB, ltaly 1998 500 Power Texaco Ansaldo
SARAS, Italy 1999 500 Cogen/H2/0il Texaco GE or Fiat
AGIP, lItaly 1999 250 Cogen/Oil Texaco Open
Duke Energy, USA 1999 480 Repower/Coal BG Lurgi GE
Delaware, USA 1999 250 Cogen/Pet Coke  Texaco GE
TAMCO, USA 1999 120 Cogen/Coal Tampella GE

The conventional IGCC plant is shown in Figure 4. The gasifier receives coal from the coal handling and
preparation equipment and oxidant from an air treatment plant and then gasifies the coal through a partial
oxidation/reduction process involving coal, oxygen and steam. The fuel output from the gasifier is in the
range of 1000°F to 2600°F ( 550C to 2580C) temperature which is cooled in a gas cooler to permit fuel
gas clean-up of particulates, alkali metals, and hydrogen sulfide from sulfur laden coal. A sulfur scrubber
removes sulfur from the fuel gas and processes the sulfur to a saleable product. The gas cooler produces
steam which is utilized by the steam turbine. IGCC has a technology clean-up advantage compared to a
conventional coal steam plant because it is inherently easier to remove hydrogen sulfide from a
pressurized fuel stream than to remove sulfur oxides from an atmospheric exhaust stream. Since
limestone is not injected for sulfur removal in an IGCC, the solid waste from a gasifier is non-leachable
and is a salable by-product. The particulate scrubber system removes particulates, trace alkali metals, and
fuel bound nitrogen converted to ammonia in the reducing atmosphere of the gasifier.

IGCC efliciency levels follow combined cycle technology efficiencies. Each evolution in combined cycle
technology is pulled through in IGCC efficiency. Generally, IGCC efficiency may be estimated by
beginning with the combined cycle efficiency on natural gas and multiplying by the IGCC coal gasification
efficiency, typically 85%, LHV. For an "F" combined cycle technology efficiency of 55% (LHV), the
IGCC efficiency is 47% (LHV). The actual efficiency of the gasifier is manufacturer dependent with
some manufacturers having higher efficiencies and slightly higher capital costs. The installed cost of an
IGCC plant is in the range of 1400 $/kW, or 100 $/kW more expensive than a comparably size pulverized
coal steam plant.
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Figure 4 -- IGCC System

REPOWERING
Combined cycle repowering is gaining leverage as a competitive power plant alternative. Repowering is
defined as the integration of gas turbine generators with heat recovery equipment into an existing steam

power plant.

All existing steam power plants are candidates for repowering. There are three repowering approaches.

1 Feedwater heater repowering.
2 Boiler repowering.
3 Heat recovery repowering

Feedwater heater repowering systems utilize gas turbine exhaust gas to heat feedwater in the existing
steam plant. In addition to incremental power supplied by the gas turbine generator, up to about 15%
additional steam turbine power may be available by elimination of steam extraction for feedwater heating
or by increased power boiler steam flow resulting in increasing final feed water temperature. The overall
plant efficiency may improve by 10 percent and the total power output increase by 40% including the gas
turbine contribution..

Boiler repowering systems utilize gas turbine exhaust gas for combustion air in the existing boiler. Here,
the hot, oxygen rich gas turbine provides the function of the forced draft fan and air heater. The heated
combustion air reduces the boiler fuel requirements. The power output of the plant may increase by
about 40% and the overall efficiency increase by 10 percent.

Heat recovery repowering systems are the most common application of repowering. These systems
utilize gas turbines and heat recovery steam generators (HRSG's) to replace the power boiler in the
existing steam plant. The steam supply to the existing steam turbine is generated in the HRSG by energy
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recovered from gas turbine exhaust gas. Heat Recovery Repowering can increase the existing plant
power output by 200%, increase the plant efliciency by 30 percent to nearly that of a new combined cycle
plant, decrease environmental emissions to that of a combined cycle plant and be installed at an
incremental plant cost of less than a new combined cycle.

With all of these features, heat recovery repowering is finding a great deal of interest among project
developers. The competitive incentive is to find an under utilized power plant asset or an asset that may
require significant boiler refurbishment. Repowering transforms an under-utilized asset to a competitive
asset since the repowered plant will have nearly the same competitiveness as a new combined cycle plant.
Repowering of an asset requiring significant boiler refurbishment transforms a existing project needing
significant capital for rehabilitation into a competitive asset.

STEAM POWER PLANTS

The technology for steam power plants evolved significantly during the 1900s to 1960s culminating in the
construction of large (1000 to 1300 MW) double-reheat, super-critical pressure plants with 1050F
throttle temperatures  Experience with the technology lead to an economic preference favoring units
2400PSI/1000F and single reheat of 1000F. Adding to this was also a trend toward smaller unit sizes to
better match the annual load demands. There has been a trend toward ultra-supercritical steam
conditions ( 4500/1100 double reheat) in countries that have high coal fuel cost and/or a high societal
cost of emissions ( SOx, NOx,; CO», etc.).

The conventional 2400PSI/1000F/1000F steam plant with flue gas desulfurization operates with 36%
efficiency and has a capital cost of 1300 $/kW. Steam plants have an economy of size. Higher steam
conditions require more expensive materials which are partially offset by the increased power output
leading to only a slight increase in $/kW. Steam plants have a large site labor cost component. Thus
plant costs can vary by country and location depending on the site labor cost and productivity.

Table 4
Simplified Application Matrix: Steam Power Plants
P.C.
Model Techn | Unit | Efficiency | Plant
ology | MW | % -LHV | Cost
Size S’kW
Subcritical Coal 400 |36.4% 1300
Subcritical Coal {800 |37.1% 1180
SuperCritical | Coal | 800 | 38.7% 1200
3500/1000/
1025/1050
Ultra-Super | Coal | 800 | 41.0% 1290
4500/1100/
1100/1100

Most coal steam plants today installed with SOx scrubbers which provide 95% effective removal. Low
NOx burners have been developed to reduce NOx and may be supplemented with flue gas De-NOx
systems using selective catalytic or non-catalytic reduction technologies.
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In addition to the large power market, a market is evolving in refuse to energy power plants. These
plants are typically in the 20 to 50 MW size range and specifically designed to burn either raw refuse in a
stoker boiler or a refuse derived fuel which may be burned in a stoker boiler or co-burned with coal in a
large pulverized coal boiler.

ECONONMICS AND PERFORMANCE ISSUES

In preliminary competitiveness screening, a decision must first be made as to which technology is best
suited to meet the needs of the electricity customer. Each technology has different fixed cost (
investment) and variable cost ( fuel and maintenance) elements which may place one technology in a more
competitive position to serve the customer needs. After one technology is selected, additional work is
performed in customizing the selected technology to the customer application. The objective of this
section is to present and compare the key economic and performance features of the alternative
technologies.

GENERATION SYSTEM RELIABILITY

High generation system reliability is essential in the very productive economies of the world today.
Power system engineers design the power generation system to achieve high system reliability by
selecting generation equipment with high reliability, maintaining equipment for high reliability, and
providing sufficient generation reserve capacity.

Generation reliability is typically measured by its inverse, the generation system un-reliability. The un-
reliability is often quantified by the loss-of-load probability (LOLP). LOLP is defined as the expected
number of days per year of insufficient capacity to serve the load. The LOLP is dependent on the
generating units' un-reliability (forced outage rate), scheduled outage factor, MW size, the system hourly
load demand profile, and the installed generation reserve margin. Power systems in industrialized
countries typically provide electricity to consumers with a LOLP in the range of 0.1 occurrences per year
of a generation system service interruption. Industrial customers ( refineries, aluminum refiners, etc.)
with critical processes may demand power and steam un-reliability of 1 occurrence every 20 years.

Generating unit forced outage rate is one of the key factors which determines total system reliability. The
forced outage rate is the probability that the unit will not be available when needed.

The traditional North-American Electric Reliability Council NERC) definition of the forced outage rate
is:

FOR = FOH / (FOH + SH)

where:

FOR = unit forced outage rate

FOH = unit forced outage hours during a year including all failures during
startup, operation and reserve shutdown

SH = unit service hours during a year.

Another useful measure of the un-reliability of a generating unit is the forced outage factor. The forced
outage factor is useful for collecting statistics on groups of units with different service factors. The
NERC definition of the forced outage factor is:

FOF - FOH/PH
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where:
PH = period hours in a year (8760).

The forced outage factor must be translated into the forced outage rate for use in reliability calculations.

Figure 5 illustrates the forced outage factor trend of North-American power plants having GE turbine-
generator equipment, nuclear units, coal steam units (300-399 MW size typical of current size interest),
combined cycle plants, and gas turbines based on NERC and ORAP (Reference 3) data over the last five
years. The equipment in nuclear power plants is as reliable as coal steam power plants except that
nuclear regulatory factors in the USA contribute two times as much outage time as equipment outage
contributions. One goal of the ABWR program is a nuclear plant which is inherently more publicly
acceptable and thereby reduce the regulatory induced outage contributions. Coal power plants have
forced outage factors of approximately 5%. The coal fired power boiler system comprises 60% of the
coal steam plant forced outage factor. The combined cycle unit has a forced outage factor of
approximately 2%, its largest contributor being the gas turbine. The combined cycle plant utilizes a
HIRSG boiler, which operates with lower gas temperatures and moderate steam conditions than a coal
steam power boiler. tence combined cycle plants have experienced a reliability advantage compared to
conventional coal steam units. The IGCC plant is projected to have a forced outage factor in the 2% to

% range. The IGCC plant is typically designed for dual fuel capability, coal/distillate oil. If the coal
gasifier is on outage, the IGCC plant is still available by switching to the backup distillate fuel and
operating as a typical combined cycle unit.
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Figure S -- Plant Reliability Levels of Key Technologies
300-399 MW Coal Units, All Size Combined Cycle and
All Size Simple Cycle Gas Turbine Plants

The scheduled outage factor of the key conventional technologies is illustrated in Figure 6 based on
NERC and ORAP data of units with GE turbine-generators. Nuclear unit scheduled outages are driven
by the nuclear reactor. Coal unit scheduled outages are driven by the boiler. Combined cycle units
typically have low scheduled outage factors being mostly driven by the outage requirements of the gas
turbine. Scheduled outage factors also depend on the maintenance intensity applied during outages, for
example, three shift maintenance reduces outage time significantly compared to single shift maintenance.
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Generation system reliability is evaluated by using probability mathematics to combine the un-reliability
characteristics of the generating units with the load demand characteristics. Generation system reliability
determines the required generation reserve margins of the power system. The total reserve margin
requirements of a generation system are comprised of two key elements, (1) load demand uncertainty and
(2) generating unit un-reliability.

Figure 7 illustrates a typical reserve margin requirement trend as a function of the average forced outage
factor of the generating units comprising the power system. If the generating units were perfectly reliable
(zero forced outage factor), the power system would require a reserve margin of 8% due to load
uncertainty. If the system average forced outage factor is 7% and unit sizes are in the range of 2.5% of
the system capacity, then a 20% reserve margin requirement is needed. If the power system utilizes gas
turbine technology in contrast to steam plant technology, a lower reserve margin requirement results.
When larger unit sizes are used the same trend is exhibited except that a higher reserve margin/forced
outage factor slope is present.
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Figure 7 -- Reserve Margin Requirement Trends

In summary, power system reliability is of great importance in the power generation industry. IHigh-
reliability leads to high system reliability and the ability to reduce overall generation system reserve
margin requirements. Lower reserve margin requirements lead to decreased needs for future capacity,
which can yield large capital and economic savings.

ENVIRONMENTAL EMISSIONS

Environmental considerations have become a very key factor in the economic decision process for
selecting generation technologies. In many countries, because of the limits on total SOx and NOx, new
plants can be added only by offsetting their new emissions by decreased emissions in other existing plants.
Because oflsets and controls are expensive, plant technologies having low emissions have economic and
plant siting advantages. Water consumption for cooling is also becoming an environmental constraint in
many parts of the world. CO; is considered a greenhouse gas potentially contributing to the earth's
warming.

Environmentally, nuclear plants significant advantages in producing no NOx, SOx, or CO5 as illustrated
in Figure 8. Cooling requirements are 50% higher than coal steam units and 300% higher than combined
cycle. Combined cycle plants have lower emissions than coal plants (with 95% SOx scrubbers).
Combined cycle units burning natural gas produce negligible’'SOx and with current technology dry low
NOx burners can achieve NOx emissions of 9 PPM NOx without the use of additional selective catalytic
reduction equipment. Moreover, combined cycle units also use approximately 50% less cooling water
than coal steam plants.

IGCC technology has environmental characteristics similar to combined cycle plants. The low SOx
characteristics are achieved because of the high efliciency sulfur removal of the fuel stream prior to
combustion. The low NOx is achieved by using the same low NOx technology of current gas turbines.
Water consumption is typical of a combined cycle plant.
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Figure 8 - Environmental Loadings for Key Technologies

While the environmental characteristics of new units are important, the emission characteristics of
existing plants are just as important because by year 2000, 90% of the environmental emissions will be
associated with the operation of existing plants. For example, existing steam plants typically have NOx
emission rates of double to triple that of new steam units. When emissions are a key issue, combined
cycle generation and heat recovery repowering of existing units are prime choices.

ECONOMIC & PERFORMANCE CHARACTERISTICS

Capital costs of new generation equipment is another key factor driving the economic selection of
generation technology. Figure 9 contrasts the plant costs and typical cost compositions of the key
technologies. Simple cycle gas turbine plants are currently being installed in the $ 350 to $450 /kW range
. Combined cycle plants are typically installed for $ 500 to $700 / kW. Coal units have been installed in
the USA averaging 1300 $/kW. Thus combined cycle plants are 50% less expensive to build than coal
steam plants which is one factor giving them an economic advantage. Combined cycle plants have much
lower engineering, site and labor costs, both in $/kW and % composition, than a coal steam plant. Asa
result, combined cycle units are subject to less risk in meeting completion schedules and cost

requirements.
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Figure 9 -- Plant Cost Comparison of Technologies

Plant costs of recently completed nuclear plants in the USA have been inflated by costly regulatory
retrofits and construction delays. In other parts of the world nuclear plant construction has followed a
more rational path. The TEPCO ABWR is estimated to be completed for $ 1800/kW ( in 1994 $).
Electric Power Research Institute Studies (EPRI) have concluded similar plant cost range for an
advanced-design nuclear unit.

The plant cost estimate for IGCC is based on the technology evolving to use Integrated Air Separation
together with "F" technology gas turbines.
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PLANT HEAT RATES

The net plant heat rates of the key technologies are illustrated in Figure 10. Nuclear plant heat rates are
in the 10500 Btu/kwh range. Conventional coal steam technology has reached a mature heat rate of 9700
Btu/kwh-HHYV by advanced steam conditions. Combined cycle technology derives its high efficiency
(6900 Btu/kwh-HHV) by utilizing 2350F firing temperatures in the "F" technology gas turbine and
recovering the exhaust heat energy to drive a reheat steam turbine. Heavy duty gas turbines in simple
cycle configurations have heat rates as low as 10,500 Btu/kwh-HHYV.

) BTU/KWH - HHV (Thousands)

1 1 ...

1071
g b R =7 IR ERTORER £ - D O S Cou O DIOORIOI -/~ "-. I
8
7- % ......
6 ............... / .............. Z

NUCLEAR COAL GAS SIMPLE CYCLE
STEAM COMB.CYCLE Q@GT
Figure 10 -- Plant Heat Rates of Three Technologies
O & M COSTS

Operation costs typically comprise approximately 10% of the total costs of a generation system, fuel and
investment charges being the largest factors. Operation costs are largely driven by the plant staffing
requirements. Figure 14 illustrates typical staffing requirements of plants. Simple cycle gas turbines have
the least staffing, averaging 7 people/ 100 MW due to the relatively simple nature of the plant. Combined
cycle plants have small staffing requirements largely because 2/3 of the power is derived from low staffing
intensive gas turbines. Coal steam plants average approximately 20 staff/ 100 MW because of the
complexity of the fuel handling, boiler, and steam cycle. Nuclear plants in the USA average
approximately 60 staft/ 100 MW and is driven in part by the nuclear regulatory requirements for staffing,
documentation, and retrofitting.

Operation and maintenance (O&M) costs, exclusive of fuel, are illustrated for the key plant technologies
in Figure 11.
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Figure 11 -- O&M Cost Comparisons of Key Technologies

ECONOMIC COMPARISONS OF GENERATION ALTERNATIVES

There is general agreement that the correct criterion for the economic selection of a generating unit is
that its cost, when combined with those of the other generating units making up a total electric utility
generating system, should result in the minimum cost of electricity. The established method of applying
this criterion is to simulate the total utility system cost over a period which represents a major fraction of
the life of the unit being considered. This is usually done with a computer-based power system simulation
model. To gain insight into the economic tradeoffs of technology, a simplified direct unit comparison
using screening curves is performed.

Economic Data

Table 2 presents a summary of the economic data and generating unit operating characteristics of the key
generation technology types.

Hydro, solar, wind, refuse, conservation and other renewables play a contributing role, but the key
technologies for the 1990s and beyond will be gas turbine and coal technologies.
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Table 2
Economic and Performance Data
(All Costs in 1994 $)

Technology Type

SIMPLE COMBINED STEAM (Current)  Nuclear

CYCLE CYCLE COAL IGCC ABWR
Fuel Type Nat.Gas Nat. Gas Coal Coal Nuclear
Fuel Cost ($/mbtu U.S. average) 2.60 2.60 14 1.4 Vi
Heat Rate (Btw/Kwh-HHV) 10500 6900 9700 8000 10200
Plant Cost (3/kW) 400 600 1300 1400 1900 -
O&M Cost

Fixed ($/kW/yr) 3.0 10.0 20 18 42,
Variable ($/Mwh) 4.5 1.25 2.0 2.0 1.0

Reliability (% :1-FOF) 99.0 98.0 94.5 97.0 94.0
Availability % 96.0 94.0 83.0 92.0 78.0
Discount Rate (%/yr) 10
Fixed Charge Rate (%/yr) 16.
Evaluation Period (years) 20
Fuel Cost Escalation (%/yr) Data

Resources

Inc.
Plant Cost Escalation (%/yr) 4.5
O&M Cost Escalation (%/yr) 4.5

Fuel issues will likely be the most important economic factors for the 1990s and 2000s. Oil prices have
had dramatic excursions in the past and are expected to undergo similar short term cycles. Figure 16
illustrates the U.S. average historical trend over the last 25 years along with a projection of fiture prices.
Fuel prices also have some world-wide variation Oil and coal are driven by a world price and have a
small variation across the world. Natural gas prices are more driven by local availability and
transportation costs and can have a large variation. LNG in Japan averages 6$/mbtu whereas gas in the
Texas USA averages $2.0 $/Mbtu. Some developers segment the gas price into a fixed cost
(transportation capacity cost) and a variable cost ( commodity cost). If the gas is contracted long-term,
the fixed cost component can be included with the investment cost of the project and financed with it.
The variable gas cost, which may be 50% of the total gas cost, is then used as the cost of fuel in the
power system dispatch calculations which leads to longer operating hours. Longer operating hours may
be desirable to improve project competitiveness.

In the future, oil and natural gas prices are projected to increase in the range of 5%/yr real price
escalation beginning in the mid-1990s as forecast by Data Resources Inc. (Reference 12). While the DRI
forecast shows a smooth projection, the actual price increases will most likely occur in price steps
followed by price relaxation periods as typified by the 1975 to 1985 experience. Most forecasters believe
the short term fluctuations are driven by political events, while the long term average prices are
determined through incremental world production costs. Alternatively, there is another school of energy
forecasters who believe that the earth's large unrecovered resource base and new technologies will lead to
no real price increase in oil/gas over the next 15 years. These forecasters have the recent 10 year history
to further support their thesis.
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Figure 12 -- Historical and Forecast Energy Prices

Screening Curves

The construction of screening curves is one method of comparing the costs of different generation
alternatives. Screening curves illustrate levelized total owning costs (in dollars per kW per year) for the
various alternatives as a function of the number of hours of operation per year. Although screening
curves have limitations, they are useful in preliminary analyses since they can provide conceptual insight
into the application of various generation technologies to the power system.

The following charts illustrate the economics based on USA fuel, plant, O&M and financial costs. While
these cost parameters are not immediately applicable to every country and region of the world, the cost
parameters are surprisingly in the range used by many countries. Fuel is a world competitive commodity
for most fuels including nuclear, oil, and coal. Plant cost for major equipment is a world market today.
The installation of that equipment is driven by the product of the site labor cost and labor productivity.
Not surprisingly, the labor cost-productivity product has a some variation in various world markets but
the resulting plant cost (equipment plus installation) has a small variation in the world market. Financial
costs is one factor that is country dependent depending on whether the power supply industry is
government owned or privatized. Government owned utilities typically issue debt backed by the country
sovereignty which may be at a lower rate than privatized companies with owner equity and tax costs.
However, some privatized companies with world-wide reputations in project development may have
access to lower financing on the international markets. With the trend toward privatization in many
countries to improve the country balance sheet and to promote improved operating efficiency, the
financing costs can be at the levels of the USA investor owned utility values. Thus, a levelized annual
fixed charge rate of 16%/year for interest expense, repayment of principle, insurance, and country taxes
may be very reasonable in many countries. The effect of financial cost issues will illustrated later in the

paper.
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In Figure 13, the 20-year levelized total owning costs for the five key technology types are illustrated
based on a plant decision to be made for an installation in year 2000. The combined cycle line is drawn
for the current "F" technology plants and a line below it for the "Advanced Turbine Systems" (ATS)
technology commercialized during the late 1990s. Also shown are two companion lines for IGCC, one
using the current "F" technology and the other resulting from the combined cycle technology
improvements of the ATS technology. These curves show that applications having less than 2000 hours
per year of operation are best served by simple cycle gas turbine technology. Combined cycle technology
is economic for both mid-range and base load duty. This is due to the combined cycle's excellent heat
rate, moderate plant cost, and a modest price of natural gas. Coal technology, either conventional coal-
fired steam plants or conventional IGCC, is not quite economic for base load applications with these
economic parameters. Nuclear plants have a higher plant cost and are competitive only at high operating
hours and where coal fuel is unavailable, unsuitable, or more expensive than the USA national price
value.

$/KW/YR (1994 $ LEVELIZED)

600

L — ..,,f" NUCLEAR
R STEAM

i - IGCC

A

200

1007

SIMPLE CYCLE

0 1 ! ! ] ! 1 1 ]
0 1 2 3 4 5° 6 7 8

HOURS/YEAR OF OPERATION (Thousands)

Figure 13 -- Technology Screening Curve for Plants
Installed in Year 2000 for
a Privatized Utility Owner,
20-Year Levelized Costs,
DRI Fuel Price Projection

Fuel prices and fuel availability can significantly change the refative positions of competing technologies.
For example, combined cycle plants are the leading technology in regions with higher coal prices and/or
lower natural gas prices. Countries with lower coal prices and/or higher natural gas prices would favor
IGCC technologies.

The effect of financial cost issues is illustrated in Figure 14, for a government owned utility financed with
a strong government financial commitment to achieve a very favorable financing rate with an 11% annual
fixed charge rate Because of the lower fixed charge rate, strong government owned utilities can justify
higher capital cost plants. This case illustrates that applications having less than 1500 hours per year of
operation are best served by simple cycle gas turbine technology. Combined cycle plants are competitive
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option for mid-range duty. Combined cycle, IGCC, and coal steam technology are competitive for base
load applications. Nuclear plants are nearly competitive based on these economic parameters.
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Figure 14 —- Technology Screening Curve for Plants
Installed in Year 2000 for
a Government Owned Utility,
20-Year Levelized Costs,
DRI Fuel Price Projection

These screening curves illustrate the very competitive position of the combined cycle plants based on the
availability of modestly priced natural gas. In countries with higher natural gas and other fuel prices, the
competitiveness of nuclear power plants and coal technology plants is improved. Other issues can
influence the competitive technology decision including the need for fuel diversity, the need for reduced
environmental emissions, and the need to utilize country resources.

CONCLUSIONS

Electric power is essential to economic growth and improvement of standard of living in modern
societies. Many countries are deregulating the power industry, privatizing the existing power system
assets, encouraging independent power development of new projects, and creating competition among
utilities, independent power project developers, and industrial cogenerators. In this new, very
competitive world, the power developer/producer will achieve competitive advantage by creatively
utilizing advanced technologies to best meet customers' energy needs.

In the competitive power market, of key importance is the reliability, capital cost, efficiency, and
environmental impacts of each technology and how these technologies can be integrated in a power

system to meet the country least-cost economic and environmental needs.
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Today, new advanced nuclear technology designed to achieve public confidence is being designed and
installed. Nuclear power technology finds application in countries with higher fuel prices and desiring
low environmental emissions.

Current technology combustion turbines with 2300F firing temperatures and new advanced turbine
systems will further enhance the economic and environmental attractiveness of simple cycle and combined
cycle technology. The integration of coal gasification technology (IGCC), and now being commercially
demonstrated, results in a power generation technology that will compete with conventional pulverized
coal steam plants in the coming years. New combustion turbine technology is also being applied to
improve the performance of the existing generating units through repowering of existing steam units

The 21st Century will be an exciting time for all those in the power industry. The world will be smaller
and international commerce and competition will require each national economy to produce high quality,
low cost goods and services. High quality, least-cost electricity will be one key factor in assuring
international competitiveness. The technologies are available today for assuring the most competitive
electricity supply systems in the world.
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I. A Brief History of Electric Power Industry in Korea

o As of the end of 1993, Korean total installed generating capacity
reached 27,654 MW, in which nuclear power shared 7,616 MW.

o Between the 1960s and the mid-1970s ;

- There was a burst in demand for electric power in Korea
fueled by the rapid industrial growth. At this time, the Korean
government preferred to retain foreign companies for the
construction of power plants on a turnkey basis in consideration of
lacking experience and technological capabilities on the part of
Korean firms.

- The participation of local firms was limited to civil construction
work and simple fabrication.

o Between the mid-1970s and the early 1980s ;

- The Korean government encouraged the growth of heavy
industry, in which many Korean firms took part accordingly.

- Korean firms induced advanced technology from the United States
and other ‘developed countries under terms of technology
transference agreements. Increased investment was made for
the eventual localization of such technology.

- HANJUNG, founded in 1962, constructed the largest Changwon
Integrated Machinery Plant and attempted to expand the production
capacity with experienced engineers for the goal of manufacturing
and supplying facilities for power plant.
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0 During the 1980s ;

- The Korean government took the strong policy for developing
local industries producing power plant facilities, whose capabilities
were improved gradually.

— Korea Heavy Industries and Construction Co., Ltd., widely known
as HANJUNG, the acronym of its Korean name, became a prime
contractor in the design, manufacture and installation of power
plant facilities.

o During the 1990s ;

~ Under the national electric power supply program, which went into
effect in the late-1980s, HANJUNG pushed its own programs to
localize the manufacture of power plant facilities and accumulate
technology and experience.

- HANJUNG is now consolidating its position with respect to the
overseas marketing of its own power plant facilities.

II. The Manufacture and Supply of Power Plant in Korea

o Since the 1980s, Korean companies that supply power plant
facilities have been selected to specialize in designated sectors to
support the construction of power plants.
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o HANJUNG's supply of power plant can be categorized as shown in
Attachment - 1.

~ As for thermal power plants operated by Korea FElectric Power
Corporation, HANJUNG designs, manufactures and installs all
equipment except for some balance of plant. There are a total of
18 thermal power plants of 500-600MW class in Korea, which
have been completed or are under construction by HANJUNG.

- As for nuclear power plants, HANJUNG supplies all NSSS
and Turbine Generator except for some items and nuclear fuel
There are a total of 7 nuclear power plants, including four units

of 1,000MW, in Korea which have been completed or are under
construction by HANJUNG.

- As for  Thydraulic power plants, HANJUNG has so far
supplied a total of 13 units of 10MW to 300MW class.

- In addition, HANJUNG is capable of supplying facilities for diesel
engine power plants, co-generation power plants, combined cycle
power plants and gas turbine power plants.

o As a leader in the construction of power plants in Korea,
HANJUNG ;
- has succeeded in localizing the production of nuclear and thermal

power equipment excluding  reactor internals, I&C and some
balance of plant.
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- has acquired such international quality certifications as ASME
and ISO 9001,

~ has accumulated the experience of project management as a prime
contractor in this field, and

- has become competitive in price and delivery as a result of the

standardization of local power plant, interlocking relationships with

other local specialized suppliers and improvements in productivity.

II. Changing Factors of the Power Plant Business Around
the World.

o The construction of power plants, as a key industry of national

significance, is managed, controlled and fostered in a national
dimension.

0 The changing economic order of the world as well as the

changing conditions of the world market for power plants,

including the conclusion of the Uruguay Round of world trade
talks, the signing of the related government-to-government

agreements and the emergence of blocism under the world’s new

trade order necessitate a revolutionary change in marketing

strategy for the supply of power plant.
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A. The Market Aspect

o Since the mid-1960s, the world market for power plants has

expanded 3% on an annual average and has been characterized by
the following factors ;

- the stagnation in power consumption in developed countries,
caused by the rise of fuel costs, the enhancement of energy
efficiency and the stabilized supply of electricity,

- In the mean time, the rapidly expanding market for power plants
in developing countries around Asia, where population and
econormies are growing remarkably.

o There have been some recently emerging trends in requirements
and orders for power plant markets.

- An increase of unit capacity of power plant

. As for thermal power plants, the installed capacity has risen
from an average of 100MW in the 1950s to an average of
300MW and a maximum of 1,300MW in the 1980s.

As for nuclear power plant, the installed capacity has risen
from the 100MW level in the 1950s to 1,500MW at present.

The increase in average installed capacity of power plants as
mentioned above is due to ;
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(1) the requirement for the construction of power plants for

maintaining base load to meet the increasing demand for
elecric power,

(2) economies of scale,

(3) improvement in technology in the manufacture of power
plant facilities, and

(4) insufficient availability of financing for the construction of
power plants.

- An increased priority of power generation by nuclear and gas
turbine plants

The ratio of nuclear power generation with respect to  total
power generation has risen from 1% in the 1950s to 30% at
present and demand for gas turbine generation stands at 30%
of the total amount of orders.

. The increase in the demand for nuclear and gas turbine
generation i1s due to ;

(1) The aftermath of the second oil crisis in the 1970s
and fear for limits that may arise in the supply of fossil
fuels,

(2) increasing concern for efficiency and economical factors,

(3) improvement in the related technology, and

(4) concern for environmental protection, which has now become
serious.

- Increase of turnkey contracts and demand for financing from
suppliers
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. In the construction of power plants in the past, the construction
work was divided and ordered separately in consideration of the
management capability of the owners and cooperation with A/E.

. Recently, there has been a growing tendency for favoring
turnkey contracts in developing and undeveloped countries,
which are not capable of managing the construction of power
plants on their own.

Particularly, there has been a growing tendency to ask the
supplier to assist in the financing of projects (IPP) to support

owner who are not able to raise the total amount of funds for
their projects on their own.

- Internationalization and globalization

. As a result of the recent changes in the world economic
order coupled with the liberalization of world trade, the
conclusion of the Uruguay Round of world trade negotiations
and government-to-government supply agreements, the supply of
power plants is no longer limited to local suppliers but open to
international competitive biddings for the purpose of cost savings.

- Other changes in the pattern of orders for power plant

Recently, requirements from owners have been diversifying to
include shorter construction periods for the early operation of

power plants, lower costs resulting from open competition, and
higher efficiency through new technology.
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B. The Suppliers’ Aspect

o On the part of the suppliers, changes are inevitable to cope with the

aforementioned changes in the market aspect.

o Recent trends in the supply of power generating facilities ;

- Until the 1970s, the manufacturers of steam turbine generators

in developed countries, almost dominating the world market,
competed in expanding their production capacities with increased
investment. From the following decade, however, they had to
reduce or stop the expansion of their production capacities
because of a noticeable decline in demand. The annual
average has since been at the level of 60-70GW.

For gas ‘turbines, approximately five to six manufacturers
monopolized the world market. With the expansion of the
market, however, new manufacturers sprang up under technical
and sales pacts with the manufacturers that were already in

operation, boosting the overall production capacity of gas turbines
around the world.

o Changes on the part of the suppliers ;

There has lately been a worldwide restructuring in the form of
cooperation between nations and between corporations  through
merger, joint venture, and technical tie-ups, culminating in
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. the reduction of cost and the dispersion of risk in technical
innovation and the development of new products,
the consolidation of complementary factors through mergers
which  brought together the competitive advantages of
partigipating manufacturers, and

. the effective use of resources, elevation of competitive power, and
joint advancement to third-country markets.

- The increase of capability for project execution

. In order to «cope with the increasing number of turnkey
contracts for independent power producer and the diversification
of requirements on the part of owners (in terms of technology,
delivery and sources of fuel), suppliers are either improving
their technical functions and capabilities or promoting bilateral
and multilateral cooperation between corporations.

IV. HANJUNG'’s Overseas Marketing Strategy

o The above has been an overview of the progress of
Korea's electric power industry with emphasis on HANJUNG and
the changing factors of overseas markets for power plant. On the
basis of technical capabilities and experiences so far accumulated,

HANJUNG is highly desirous of doing work overseas in the field
of power plant.
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o HANJUNG's strategy for overseas operations

- Above all, HANJUNG will concentrate on exploring markets in
China, Southeast Asia and the Middle East, which it considers to
be strategically important. In these areas, demand for electricity
has recently been on a sharp increase with the rapild growth of
economies at the rate of 6% to 8% on an average. With the
opening of markets (for IPP and J/V) for power projects, foreign
investment is now welcome in these areas. For HANJUNG, the
above strategic areas are easily accessible due to geographical
proximity as well as cultural and economic compatibility.

- The scope and form for participation

. HANJUNG intends to cooperate with international contractors
experienced in overseas operations in the form of joint ventures,
consortia or subcontracts in the fields of nuclear, thermal
hydraulic, co-generation and gas turbine power palnt.

. HANJUNG is also promoting turnkey contracts for the
construction of power plants as an independent power producer.
For this, HANJUNG is considering to participate any type of
cooperation with manufacturers, investors, engineering firms and
local companies.

o Under such strategies as above, HANJUNG has completed or is

constructing various kinds of power plants in the Middle East and
Southeast Asia.
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V. Korea-U.S. Cooperation in Third Countries

A. The current status of Korea-U.S. cooperation in . the field of
power industry

o Up until now, the United States has contributed greatly to
the supply of electric power in Korea.

o Before the 1970s, the United States led the construction of
power plants in Korea on a turnkey basis and with financing.
From that time to the mid-1980s, as Korea began the
supply electric power generating facilities on its own, the
United States had directly and indirectly participated in the
construction of power plants, working with local manufacturers
or providing them with technical support.

o In the 1980s, as the Korean government designated HANJUNG
and other companies to specialize in their respective sectors in
the production of power plant equipment, the United States helped
HANJUNG and its related companies to improve their capabilities
through technical cooperation and joint participation.

o At preseﬁt, bilateral cooperation between Korea and the United
States has been promoting for projects in third country markets,
but it is not enough to fulfill our goal at this stage.

B. The need for expanded Xorea-U.S. cooperation in the field of
power industry
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0 As explained above, there are various factors requiring
multinational cooperation in the electric power industry.

- Joint operation reduces risks accompanying the construction of
high-cost power plants. in developing and undeveloped countries
with political and economic instability, especially in recovering
financing provided by the supplier acting as an independent
power producer.

- There is a need to combine the comparative advantages of
a number of companies to work together so as to satisfy
varying  requirements of owners in terms of capacities, cost,
quality and delivery of the power plants to be built.

Internationalization, and industrial restructuring is being
realized through the merger of companies, the formation
of joint ventures, technical tie-ups and joint marketing.

o Since Korea and the United States are complementary in their
comparative advantages for operations in third countries, there
exists a need to cooperate more closely.

- The United States has advanced engineering capabilities and
rich project experiences accumulated in its vast domestic
and overseas markets. It is also strong in information,
marketing, international reputation and financing.
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= On the other hand, Korea has up-to-date facilities, skilled
workforce, manufacturing capabilities and experiences. Korea’s
strong points are also found in its reasonably high
cost-effectiveness, cultural and political relations that may

act favorably in negotiations, and geographical proximities that
may help in terms of delivery.

- In conclusion, I am sure that sharing complementary factors
between Korea and United States in the international market

of power plant should be very much contributed for mutual
benefit.

This concludes my presentation. Thank you for your kind
attention.
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GLOBALIZING CORE BUSINESS
STRATEGIES FOR U.S. UTILITIES

William H. Weidenbach, Jr.
Weidenbach & Associates, Inc.
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GLOBALIZING CORE BUSINESS STRATEGIES FOR U.S. UTILITIES

INTRODUCTION

Good afternoon. | am honored to be here today and consider it a privilege to be a
part of such a forum. I'd like to talk about changes that have taken place in the
U.S. electric utility industry--changes that have helped promote the evolution of
the independent power industry. My talk today will involve a brief history of the of
the U.S. electric generating industry, addressing legislation and issues that affect

the emerging independent power industry.

Just a few years ago, electric utilities in the U.S. were experiencing very fast
growth building many new, large, state-of-the-art generating plants. Issues such
as the oil embargo, regulation and public opinion made it necessary for many of
these companies to move predominately to coal-fired plants while completing

their nuclear programs.

In additions to developing the proven, reliable and efficient operating skills for
these plants, this was also a period of building strong financial posture for these

companies adding to their credentials.

The lower growth rate that prevails today for U.S. utilities is allowing new strength
to be developed in areas such as Demand Side Management and Integrated
Resource Planning. These skills have also prepared U.S. companies to expand

their market opportunities.

Recent regulatory changes now allow these companies to expand their core
business strengths to market in the non-regulated arena both domestically and

internationally.  Privatization of existing facilities have offered almost instant

Weidenbach & Associates, Inc. 229 PEACHTREE STREET, N.E. » SUITE 909 « ATLANTA, GEORGIA 30303
TELEPHONE (404) 525-6663 * FAX (404) 525-6658
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equity an operational opportunities for these companies both at home and
throughout the world. Now that major growth is in other areas-particularly in Asia,
U.S. companies are quite interested in bringing their skills and capabilities to bear

in these fast growing areas of opportunity.

This proven experience, exceptional financial strength and entrepreneurial spirit
make these companies great partnership opportunities for existing and future

generating facilities.

HISTORY

In the 1970s the traditional stability of the utility industry began to break down.
Because of a variety of political and economic forces, the steady growth in load
demand came to an end. Meanwhile, inflation and interest rates skyrocketed,
crippling the construction industry. Large, central generating stations became
very expensive to build- and, under environmentalist pressure, extremely difficult
to site. Many utilities found themselves in financial jeopardy as generating plant
construction programs began to ceases‘after completion as power demand

abated.

As a result, energy costs began to rise with increases passed to the ratepayers.
Soon, large customers began looking for ways to manage energy costs better.
These and other market forces, including industrial clients to build alternate
sources of electric power such as cogeneration plants. The solution seemed
easy--cogens--facilities that could produce energy profitably given the umbrella

of high energy costs prevalent at that time.

However, utilities frequently were unwilling to buy electric power, even when the
cost of the alternate providers’' power was below that of utility system resources.
This unwillingness led to pressure to reform the traditional framework and ensure

a market for cost effective suppliers.
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The reform was PURPA--The Public Utility Regulatory Policies Act in 1978.
PURPA changed the integrated, rate-based structure of utilities and introduced
the notion of open market competition to the electric power generating industry.
Soon after passage, companies began to emerge taking advantage of the
prevailing economies that favored the small, efficient cogeneration plants that
PURPA's legislation intended to promote. The shift of toward independent power
helped stabilized and reduce power costs form the historic highs of the late 1970s

and early 1980s.

With the passage of the Public Utility Regulatory Policies Act (PURPA) in 1978,
the independent power industry was born. Section 210 of that legislation
mandated that output form qualifying facilities (QF) be purchased by utilities
based on avoided generating costs. PURPA forever changed the vertically
integrated, rate-based structure of utilities and introduced open market
competition tot he electric power generating industry. In 1992 the National
Energy Act was passed which allowed wholesale transmission access and Public

Utility Company Holding Act reforms.

SOUTHERN ELECTRIC INTERNATIONAL, INC.
| represent a major independent power producer, Southern Electric International,
Inc., located in the southeast United States. Southern Electric’s corporate history

reflects the changes in the U.S. electric utility industry.

Founded as a wholly owned subsidiary of The Southern Company, Southern
Electric International, Inc. is one of the fastest growing independent power
producers. Southern Electric provides energy solutions in today’s competitive
electric power generation market, with a primary focus on developing, owning and

operating power production facilities in the United States and around the world.
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Southern Electric’s parent firm, The Southern Company, is an electric utility
holding company and one of the United States’ largest investor-owned electric
utility groups. The company includes five operating utility subsidiaries- Alabama
Power, Georgia Power, Gulf Power, Mississippi Power and Savannah Electric-
as well as a technical services company and a nuclear operating subsidiary.

Collectively, these companies are known as The Southern Company system.

The Southern Company system's service territory encompasses more than
122,000 square miles spanning parts of four states located in the southeastern
United States. The company owns 255 generating units with a total generating

capacity over 30,000 megawatts.

Southern Electric was founded in 1981, with an initial emphasis on providing
consulting services within the power industry. As the industry evolved, Southern
Electric expanded its services to focus on engineering, procurement and
construction of power projects - usually for third party owners. While successful
in this business, we recognized that, as a subsidiary of an electric utility holding
company, Southern Electric’s core competencies were best aligned with the role
of owner/operator of power generation facilities. This led Southern Electric to
focus primarily on developing investment opportunities in the independent power
industry, including the international privatization market and new power
generation, or greenfield projects in the United States and in international

markets.

U.S. businesses bring considerable experience in the independent power
industry. independent power has flourished over the past 15 years in the United
States, creating a business that has grown to over $10 billion in sales in 1993.
The U.S. independent power market is the most mature and competitive market
in the world. An independent power producer like Southern Electric brings the

knowledge and experience of closing non-recourse project financed deals to Asia
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and the Pacific Rim. In addition, we have developed world class technical

expertise in operations and maintenance.

An added benefit from the introduction of experience private sector competitors
will be additional economic efficiency, along with the transfer of technology,

experience and know-how to host countries.

CONCLUSION

Korea is a tremendous power market that cannot be ignored. However, Korea,
like many other Asian countries, are showing strong commitment through
reforms, guarantees and offering more flexible conditions to foreign investors.
Through these recent reforms in Korea, many opportunities await those who have
patience and are willing to take the risks and the initial effort to endeavor in a
market that holds enormous potential. Southern Electric will be active in this
market with a long term strategy, and hopes to contribute in a meaningful way to

the new power generation market in Korea.

Southern Electric has been exploring private power projects in Asia for the past
two years and looks forward to fostering both professional and personal
relationships there. We are excited about the opportunities and relationships we

are building.

Southern Electric’s long-term strategy for Korea includes investments in large
facilities, engaging in long-term projects, and pursuing long-term relationships

with the right partners.

Thank you.

Weidenbach & Associates, Inc. 229 PEACHTREE STREET, N.E. « SUITE 909 « ATLANTA, GEORGIA 30303
TELEPHONE (404) 525-6663 * FAX (404) 525-6658
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EXPERIENCE IN INDEPENDENT POWER
PRODUCTION: TWO PROJECTS THAT CLOSED

Michael H. Kappaz
K&M Engineering and Consulting Corporation
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I . ASTAN ELECTRIC POWER MARKET

Xerea has achieved remarkzble ecorcmic develcrments fer the last two decades ard to supzers
it tre Korean Power Croup entities with Kcrea Electric Power Corteration(XzFC0) as their
main tcdy have made censtant efforts to preduce electric tower, the motive tower in eccnemic

develccment, increasingly.

Nowadays Korez’'s experience in vpower source develcoment, power gererstion and
transmission-and-distributicn as well as in other aress has beccme an object of envy ameng
Scuth East countries as well as among werldwide developing countries, with advanced

countries excluded.

n case of Asian counties, pcwer generating facilities have doubled in ezch of the past
trree decades and are projected to deuble again during the 16S0s becazuse of the high demend

for cower.

World Bank hes predicted that the total of 125,CC0M{ to 1E0,CCCMW of vower generatirg
facilities are to be added in Asian region by the year 2000 at a ccst of anywhere between
150 billion U.S. dollars to 240 billicn U.S. dollars. This rapid growth is due not cnly to

the econcmic development of this region but to several other factors, nzmely :

First, per capita electricity consumption is very low , only about 1/12 the overzll

energy consumption and 1/40 the electricity consumption of OECD countries.

Second, Asian countries have relatively energy intensive industrial basis. Energy
censumption as a percentage of gross domestic preduct is three times higher in Asia

than in the OECD and electricity consumption is 1.5 times higher.

Third, tariff levels are relatively low that, in scme countries, they even czn not mest
net generation cost.

And lestly, the less'rate in transmission-and-distribution is two to four times high as
that of the advanced country.

There are also scme other factors than the above but further discussion of this matter is
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rax irmarded rera

T T

—_ ST

isizn markes is imgertant for us to advance to, so I am going to analyze this regicn’s

electric power markets and discuss cur corresgending measures. The biggest market in Asia is

evidently Chira, wrose recent facility capacity in 1592 is about 120,CCCMH ard expected to

excard to 240,CCCMA by the year 2CCO. This shews 120 to 140 thousand MW annual new facility

expansion. Each country of India, Indenesia, Malaysia and Thailand has smaller merket size

tran China, but, in fact, huge amount of new power facility exgansion is under way in Asian

courtries. Now, let's further review the common cheracteristics of our cbjective market,

Scuth Eest Asian electric cower market.

{

poe

)

(2)

(4)

)

(6)

by

is T rentioned before, there zre huge amount of electric power demand due to tre
rzpid econcmic growth in this region. Each country of this regien is exgandirg

treir power facility through long-term power source develcpment plan.

Because the electricity less rate is relatively higher than the advarced countries,
the zmount of orders for the performance betterment of power generation facilities
and for the retrofitting of aged transmissicn-and-distribution facilities are

increasing.

Small size power plants are preferred rather than big size power plants which have
larger capacity and longer contruction pericd in order to resolve the instability

in power demand-and-supply at a relatively shorter pericds.

Accerdingly, the ordering various kinds of generating facilities such as  small
size plants including diesel generator plants, gas turbine plants, ccmbined cycle
plant, small hydraulic power plants as well as 2C0MW to 3COMW class fossil opewer

plants is one of characteristics in this region.

Almost all the Asian countries have abundant natural resources. In additien to
their big orders for fossil power plants dependirg on the abundant natural
resources, they also understand the necessity of Nuclear pewer and are develeping

nuclear power plants based upon their long term cower plan.

Under understanding that censtructicn of ccmmercially competitive pewer plants are

the global trend, expansion of IFP project away frcm goverrment concrolled

822



rencselistic power develeoment policy is one of the majer characteristics in this

recicen.

I . ORDERING CHARACTERISTICS
Characteristics with resgect to crdering tyres are as follows ;

Tue to tre lack of investment cepital resources, they prefer to the zdepticn of IPP projects
for scecizl infrastructure, especially huge amount of czpital consuming ctower plant

cerstructicn projects that foreign capital and technolegy can be attracted.

In mest cases, crders are made by turnkey basis and island package basis rather than

ccrporent package basis of design, fabrication and construction.

On the Rereat Order Basis, it is very ccmmon for the firm whese experience in related area

project in their country proves satisfactory to get awarded.

Some ordering types in case of IPP projects are EOT, ECO, BCOT, BTO, BLT, ROL, KOM, etc.
That is, they are very various.

There are difficulties for us with no experience in these countries yet to adapt itself to

these unzcquainted concepts of ordering types.

Ir . COUNTRY SITUATIONS

Let’s look into the situations by objective naticns ;
0 China

China is endeavoring to attract foreign capitals due to lack of investment capital
resources in social infrastructure. China has been meking a rapid eccnemic growth as &
result of opening its deor to market econcmy system. This recuires a rapid electric
tower consumption which required a huge sum of czpitals. Chinz has abundant natwural
resources such as ccal, petroleum, etc. and China is the country which hes the high

cessibility to approach owing to our gecgrachic merit of clese neighborheed and cultural
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relzaticn. Investnent ccnditicn is getting better as a result cf the exgersion cof

o~

eccrenic special areas and free trade areas.

o Philippines
Implementaticn of electric pewer source develeoment plan in Philippires is havin

difficulties due to envirorrental problems and regicnal selfishness. And eleciric power
shertece is getting worse. Philippires goverrment is gradually converting state-run
tcwer generztion project with NAPCCOR playing a central role into private cepital

tower generaticn policy. So, participation cordition is very goed. New, electric pewer

(]

=ble net-work conrecting island-to-island in crder to resclve inter-regicnal
urbalznce typical of islands country is under constructicn. Also, varicus efforts for
electric cower sources, e.g. barge rpower plant and small hydraulic tewer plant eze
reing 12fe Lo resolve the electric rower shertage in each island itself.

o Mzalaysia

Althouch Malaysia has a comparatively well established sccial infrastructure in South
East osuntries, the phencmenon of deficient sccial infrastructure is predicted.
Because "BUMIPUTRA” (Malaysizn) First Policy is being adopted, indigenizetion must ke

employed.

o Indonesia

Anmuzl growth rate of electric power demand is above 157  resulting frem the
implementation of rapid eccnomic develorment plan. Realizing the limitedness in
electric power supplying capability by only the state run electric cower cerperzticn
(PLN), the ©power plant construction by private capital is  strongly under
implementation. For this, the Private Power Team(FPT) within the Cepartment of Energy
is organized, where the general planning and licensing of oprivate capital pewer
plant corstruction are performed. Although Indenesia is laying emphesis cn coal-fired
TTPs because of its abundant geed quality coal, the electric pewer loss rate is hich
and the electric power unit price is almest the lowest in the world. New the less rate
reduction project is under way. Indonesia also has a grest interest in NEP
corstruction. We understand that  BATAN(The Atemic  Agency of  Indenesia) is

reviewing the assessment of NPP construction.

o Vietnam
Korea is favorable to Vietnam in gecgraphic lccation and  tramsportzticn retwerd
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(marire transpertation). Vietnzm is  succeeding in  the csening and  reformeticn
accernpanying its conversicn into market econcmy system. Cwing to the U.S.A.'s 1lifc
cf eccrcmic sanction, "embargo”, after Vietnam war the potentiality of its merkst
is rising. But scecizl infrastructure such as electric power,industrizl water and
comaunicaticn is rpeor, ard the readjustment of laws and systezs is deficient.
Marketability to overccme electric rpower shortage is censidered hich because of
its abundant natural resources such as  ccal. Especizlly, the less raste in
transmission-and-distribution is apocroaching 30%. Various countermeasures to resolve

this problem is being taken.

Ccher South Zast countries we mey think sbout will be Bangladesh, Pskistan, Myarmar, Indiz

o
etc.

Thus far, we have reviewed the general conditicns of major South Ezst countries and have
found that the advancing conditions are rnot so optimistic and there are various barriers in

each country.

First, in case of china, design and construction are strictly divided such that fereicn
AE firm should work jointly with China's A/E firm and such thet foreign construction
firm should establish joint venture construction firm in accordance with the China's law.
Joint venture firm can import any kind of plant and equipment, ©provided license is
obtained. But when if there are domestic suppliers who menufactures the reguired ecuipments,
it is required that the materials and equipments necessary fer construction are
preferably supplied with domestic prcourement. In case of impcried geeds, unless they
are carried out of China again, high percentage of tariff is imccsed. Due to the lack of
foreign currency and the convertibility of China cuwrrency, it is difficult to make fuit

- he ol

remittances and reinvestments.

Secondly, in czse of Malaysia, the wuse of domestic msterizls and ecuipments zare
compulsery. Therefore, when imperting the materizls and equipments that are demestically
menufacturable, about 40% of high tariff is imposed. And since BUMITUTRA (Malaysian
First) Policy to protect Malaysian is adopted, it is very difficult fcr forsign engineers

to get the work permit in Malaysia.

Lastly, in case of Vietnam, the surveys such as topegraphy, soil properties, ard

geolcgical survey for construction design must  be conducted conly by Vietnamese
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fi-m by the law . Sueh liniting  practice in government constructicn projecis is

almcst =zme  in Scuth  East Countries.

Mest countries have set ferth the rrinciple of the wuse of demestic raterials and
ecuizments by their own pecple. 2nd even in fereign invested firms the employment of
fereigner is restricted only to the projects where hich technolcgy and specialty ere

recuired ard only to margower that can not be supplied demestically.

IV . OVERSEAS MARKET REQUIREMENTS

e s b

Now, I 2n golng to discuss what we must do to advance to fereign electric pewer market in

Scuzh Tzst Asia coping with these barriers.

So far, we have teen facing foreign market regatively partly because we had no rcom fer
foreign project concentrating domestic electric power resource development and gpartly

tecause of our technical capability .
I believe, now is the time for us to develop foreign market crositively through the
utilizaticn of the accumulated exverience and technolegy in the performance of demestic

electric power projects for two to three decades.

[et’s discuss the do’s in developing foreign merket in the <{ollowing order ;

trengthening international competitive power,

e Cccrerztion between ELECTRICITY related entities,
o . Development of Korezn standard plant

¢ Consolidate market anzlysis,

« Securing of investment capital rescurces

o Necessity for national policy

o Strencthening international competitive power

So azs to the strengthening methcdolegy of international ccmpetitive pewer, the cultivation
of international ccmpetitive power through the extensicn of technolegy develccment ard

investment is essential to strencthen international ccmpetitive power.
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In the arez of pcwer plant architect ergireering, if we compare our competitive tower with
thcse of fcreign advanced countries, cur cwn survey shews that our rrice has ecuivalent
ccrpetitive rower to these of them because of its relatively low lsbor cost .

Our tecnnical cergetitive rower excluding scme key areas is quite potent because of its

zchievements on high self-reliance rate.

Our quality competitive power is similar to the techniczl competitive power, but cur
marketing is wezk in all aspects such as informaticn, public relaticns, creduction of an
article cn z cornercial scale, fund supply, and szles crgznization.

Tvalueting cur overall cempetitive power, we Lelieve that it is cuite pessible for us
2o ccrcete in Scuth East Asia and China where Ewrcrean countries, American ard Japan

heave cccupied majerity of its power plant merket.

But, the inferiority in marketing is a result of our litter interest up to new in foreign
electric power market. I think we can keep up with these advanced countries if we meke W
our mird to. For this purpese and for the promotion of self-reliance in desicn
technolegy, the localization of imported key technolcgies, the develcpment of applicaticn
capabilities, and the systematization of empirical technolcgy acguired through rroject
performance must te continued. We have to innovate our preductivity as follcws ;
(1) Secure seli-design experienced mencower and cultivate them, and extend oversezs

dispatch education for the intreduction of foreign advanced technolegy, so as to

continuously keep and cultivate sufficient specialty engineers ;

(2) Premote R & D (Research & Develorment) of new techrolegies such as the
application of severe envirenmental criteria of desulfurizaticn and

denitration so as to be self-reliant in such new technolegies ;

(3) Intrcduce and wutilize the advanced techniques in  project menzgement
through the build-up of integrated ccmputer system and through the extension of
CAD/CAE utilizatien ; and

4) Emphasize Q.A (Quality Assurance) system.
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» Cocreraticn between ELECTRICITY related entities

So as to the advance rmethedolegy through the cooperaticn with related entities

(1) Cccperaticn with the Xcrean Pewer Group entities and tie up with larce

enterprises by project is needed.

(2) Also, we have to ccoperate trhrough the Korean FPower CGrowp Council for  the

collection and analysis of information.

(3) Crce epprocriate project is chosen, we have to meke joint efforts for the

1]

steblistment of the counterparts of owner for better relztions and project
treceeding, and fer the proapt contact and  accuisitien of project related

infermatien.
(4) The intensification of feasibility study prior to main project and tre

securing ernough budget for proposal, Project Qualification preparztion in biddin

must ke dene.

+ Develcpment of Xorean standard plant

200 to 200M{ class small power plants are preferred in South East Asian countries while
standardized SCOMH class coal-fired thermal power plants are now being censtructed in

Xorea. So, we have to perform following activities ;

O intensified efforts to develop this 200 to 3COMW class ccal-fired TPP as a

standardized merchandize must be made.

English technical brecchures and/or cataleque, etc. that are intreducing and

explaining ‘these ©power ©plants which are constructed and now in cperation must
be published.

Puwblic relations advertisement on the overseas electric-pewer-related journals either
by rpower greup entity or by firm is considered urgent. Therefore, advertisement
specialists who prepare P.R. programs and  presentation  publications zre also

considered urgent.
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» Ccnsolidate market analysis

In crder to successfully appreach chjective merket, the collecticn of its correct
infermaticn and cetailed anmalysis are indisgensable. The breskdewn of our objective
market into Scuth East Asia, Ching, East Eurcge, Central ard Secuth Americes, ete. will

enzble us to intensify market anzlysis and coniribute to the project develcrment .

In =additicn, the capability of informaticn collecticn can ke strengthened by
keepirg geed relations with overseas electric power related key cersonnel by the

following way ;

Develcp unique services which can be sympathized by owners, for instance, the
invitation of pewer related persomnel, the hosting of technical seainar, training

service, counter-trade, etc. so as to cope with various way of orderin

-l

o Securing of investment capital resources

Due to increasing necessity of financial supply, financial supcort in deferred
payment on commercial base and EDCF (Econcmic Development Cooperation Fund) fund is much
utilized. And grant fund for international technical support on a government bese ,

KOICA fund, is much utilized for F/S (Field Survey), technical ccoperation, education and
training, etec.

ELCF (Economic Development Ccoperation Fund) of low interest. rate, is mainly utilized
for international ccoperatien, for instance, for materials and ecuipments and

project preparation loan.

Thus, strengthening the capability of negotiation with cwner can e exgected utilizirg
these funds.

Also, the export-oriented industrial finance of KOEXIM Bank should be cositively
utilized. We have to try to participate in the international locan business through the
utilization of international financing institutions such as WB (World Bank), ADB (Asiz
Development Bank), UNDP (United Nations Development Plan), etc.

To intreduce project financing techniques that are much utilized by the firms of advanced

countries, the study on their project financing czses are also necessary. And we have to
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m=xe =cre cooeritnities to advance cversezs throuch direct investment.

Zesides, the cccreraticn with the intecrated trading comepanies of Japan having ample

Zxds cr cecreraticn with advarced country menufacturer micht be corsidered as an other

. Sl

As z reference informaticn, let’s briefly lcok into the develcpmental aid sizes of Korea

and Japan, the related institutions that fiance private power project and the

financing systems.

Xcrez and Jzpan are similar in the system of government aid. XOICA, Xorea Internaticnal
Zcezerzzion Agercy which is under the control of Ministry of Foreien Affairs and ECCF

wmicn is under the control of Ministry of Finence in Kerea and JICA / CECF in Japan.

Cemparing the statistics of Korea and Jzpan, I feel that Xorea has to enlarge the fund

cespite the big difference in econcmic size between the two countries.

+ Necessity for national policy

There must be the governmental support to engineering industry. So, it is scen
expected that the inclusive methcdolegy on  all aspects of technolcgies in the design,

fabricaticn, censtruction and operation of power plant will be set forth.

To premote national competitive power in the engineering industry, the establishment of
engineering research center analyzing  and monitoring the trends of state—of-the-art

techrolegy is desirzble. And the nztional faveors for engineering-relate

2.

technolcgy development, e.g., the exemption from military service duty to engineering

PN

industry manpower, are zlso desirable.

A professional survey institution for high quality information collection like the Cverseas

Vil T
Electric Pewer Survey Agency of Japan is also desirzble to be established.
Thereby, not only the data survey on electric power but the project informetion on
sccial infrastructure plus the market analysis can be available to ke of a great help.

- TEE END -
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A U.S8. UTILITIES PERSPECTIVE OF FOREIGN INVESTMENTS
By
Martin White, Vice President - Corporate Development
MDU Resources Group, Inc.
and

Bruce Imsdahl, Vice President - Energy Supply
Montana-Dakota Utilities Co.,
a division of MDU Resources Group, Inc.

Presentation to:
U.S. /Korea Electric Power Technologies Seminar Mission

Abstract: The paper reviews what MDU Resources Group,
Inc. will use for criteria to evaluate investment
opportunities in foreign countries and the strategy it
has developed for foreign investments. The paper
further outlines what MDU Resources Group, Inc.

considers critical to make an investment in an
international project.
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Montana, Dakota Utilities Co., a division of MDU Resources
Group, Inc. is an investor-owned utility that serves portions of
North Dakota, South Dakota, Montana and Wyoming, states in the
north central portion of the United States with electricity and
natural gas. 1In addition, MDU has a 'subsidiary which mines
lignite and is involved in the production and sales of
construction materials, a pipeline company that serves the four-
state region and an oil and gas subsidiary which participates in
projects throughout the North American continent. MDU Resources
Group, Inc. is considering the possibility of entering into an
international investment in one of its lines of business. It
developed the following criteria for making such an investment.
The background for making an international investment, is:

1. The need for private power and related expertise

internationally far exceeds the need in the U.S.

2. U.S. power companies may have both an absolute and
comparative advantage over most foreign companies in
operating and managing privately owned power plants.

3. Power plants are capital intensive with long pay-outs.
Furthermore, they produce a project which is a basic
necessity. As such, an investor has significant
leverage at the outset of an investment but potentially
little leverage, coupled with being politically

vulnerable, once the investment is made.
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This
Resources

l.

Developing countries have varying degrees of political
turmoil and economic swings which are difficult to
predict.

Greenfield projects abroad, depending on the country,
may take a shorter period of time to develop than a
similar project in the U.S.

MDU h?s good technical, operating and capital resources
with a competitive advantage in one or more
technologies.

MDU has little experience and know-how in doing
business abroad.

background has the following implications for MDU
Group, Inc.:

A utility can do business internationally and do it
successfully. The market is large with a multitude of
opportunities. It represents attractive returns while
at the same time an array of complexities. The key is
to develop a focused but flexible strategy, levering
off of our technical, operating and capital strengths.
There is no hurry now or in the future. The demand for
power investments in the private sector far exceeds the
available supply. The only exceptions are
privatization opportunities which represent an

efficient, timely means of market entry.
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3. Regions of opportunity are many countries in Latin
America, Australia, New Zealand, Europe, certain
countries in Southeast Asia, the Czech Republic and
perhapé the Slovak Republic as well as Hungary.

4, Acquiring privatized operation assets is less risky and
time consuming than greenfield projects.

5. Develop informal, fluid business alliances domestically
and internationally to pursue specific objectives on a
case by case basis. Avoid formal, short term
alliances.

6. Management, time and capital are very scarce resources
in light of the potential opportunities. Pick targets
judiciously and pursue them aggressively.

7. Take a long term view. The planning and measurement
unit should be in blocks of three to five years. Be
prepared for surprises - both pleasant and unpleasant.
Develop the management resources and organizational
support to handle them.

8. And lastly, should MDU need to hire additional people,
hire a mix of people who have both business experience
in the electric power industry and experience in doing
business abroad.

Based upon that background and implications, we have

developed the following strategy:

1. Identify regions and countries that represent good

opportunities. Avoid a shot gun, purely opportunistic
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approach. Hire consultants to assist in evaluating
country risk if necessary. Visit companies such as
Bechtel, Northern States Power, CMS Energy and Exxon,
along with banking institutions that have done business
overseas. Learn from those who have been down the same
road on which MDU is considering. Possibly start
investing as a minority participant in a projec¢t before
investing in a greater degree.

Develop in-depth expertise and knowledge of those
regions and countries that represent the target market
prior to making an investment.

Lead transactions in MDU's selected region using
technologies of MDU's choice. Act as a skilled
participant in other regions or with technologies that
are attractive but not MDU's primary target due to
timing issues, preferences or resource constraints.
Establish a definite project strateqgy, i.e.
technologies in which MDU has a competitive advantage
(fluidized bed combustion fired power plants, mine
mouth, coal fired power plants and natural gas related
projects). Avoid new, unproven technologies.

Mitigate political and country risk where necessary
through (a) obtaining co-financing with institutions
such as the World Bank and other geopolitically based
institutions (b) joint venturing with reliable,

knowledgeable local companies (c) using (insurers)
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OPIC/MIGA to insure against currency inconvertibility,
expropriation and political violence (4) staying
abreast with the local and political scene throughout
the life of the investment.

6. Be competitive and a low cost producer. This is the
first and best line of defense against political and
economic risk.

7. Proceed cautiously in countries where the U.S. has
minimal political clout. Abrupt changes in geo-
political alignments can leave an investment stranded
in a hostile operating environment.

8. Avoid countries where there is clear evidence of
political and/or economic instability such as the
former Soviet Republics unless there are strong
extenuating circumstances and strategies that mitigate
the risks. Avoid countries that are dependent on
single econonmies.

9. Seek to invest in privatizations which represent an
efficient, transparent, timely way of entering a
country of MDU's choice providing the price is right.

10. Diversify across regions, but not to the extent that
MDU would be the jack of all trades and master of none.
Diversification can be a double edged sword.

Based upon that strategy, to answer the question, what would

it take for MDU to make an investment in an international

project? Our answer would be the following:
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The investment would have to be in a country where we felt
comfortable with the country risk. To gain comfort with the
country risk would require meetings with the appropriate senior
people in that country to determine their commitment to the
particular project in which we were considering investing.
Additionally, we would have to gain a favorable endorsement of
the United States government from the standpoint of various
people in the state department and the senate foreign relations
committee who would recommend that an investment in that country
was prudent. And finally we would have to find an employee,
either within our corporation or hire someone in whom we would
have confidence to manage the project in that country.

If we were able to cross those hurdles, we would want the
involvement of a financial institution that was familiar with
that country and had made loans to other projects therein and who
had a permanent office in the country. Additionally, we would
want the involvement of the World Bank at some level in the
project.

The last criteria is that the project would be insured if we
had any concern over the political risk. MDU Resources has not
made an investment in a foreign country in its history. We are
being careful about our analysis of whether we should make an
investment in a foreign country. Therefore, as we would begin to
deal with a project, it should be known that we would be

conservative about our approach to the project.

838



However, I think it's important that you know our company
has been in the electric and natural gas utility business for
approximately 75 years, we have constructed and operated one of
the first coal-fired fluidized bed power plants in the United
States which has the most hours of continuous operation of any
fluid bed combustor in the United States. We have constructed
and operated lignite fired power plants and gas fired peaking
units. We serve a sparsely populated area of the United States
and have successfully transmitted and distributed power and
natural gas over this area for those 75 years. We therefore feel
we can bring a lot of expertise to a potential project should we

chose to enter into a foreign project.
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CONSORTIUM FORMATION FOR A COAL-FIRED POWER PLANT
IN THE PEOPLE’S REPUBLIC OF CHINA

AN ARCHITECT-ENGINEER PERSPECTIVE

Kenneth T. Kostal
President, Sargent & Lundy Asia

ABSTRACT

The advent of developed power projects within the People’s Republic of China brings the
benefits of new financing methods and the energies and resources of new participants. By
necessity, it also results in fundamental changes in the many contractual relationships needed
to support financial closing. The key element is the contract to design, procure, and construct
the power plant. This paper compares and contrasts the requirements of these turnkey contracts
with more traditional fixed price equipment supply contracts within the People's Republic of
China. The emphasis of the paper is upon issues and concerns related to the successful
formation of a consortium, including the effective integration of Chinese construction companies
and design institutes into the process. The issues are explored from the viewpoint of the
consortium’s international engineer, who often participates as consortium leader and equipment
procurer, in addition to detailed designer.
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INTRODUCTION

To lay the groundwork for this discussion of Consortium formation in the People’s Republic of
China (PRC), it is helpful to start with an overview of Sargent & Lundy’s rationale for entering
the PRC market in 1983.

As a major international engineering firm with 102 years of tradition, Sargent & Lundy searches
for markets in which our state-of-the-art approach to power plant engineering is compatible with
local needs and project requirements. Equally important, Sargent & Lundy focuses on selected
markets in which we can build long-term relationships.

Ten years ago, Sargent & Lundy recognized the PRC as a major power market that offered
opportunities for long term relationships and business success. We decided to make the
necessary investment to succeed in this market.

Today, based on our project experience and the relationships Sargent & Lundy has been able
to build in the PRC, we have become joint venture partners with China Power Engineering
Consulting Company (CPECC) and with the Northwest Electric Power Design Institute (NWEPDI).
This jointventure, the Beijing-Sargent & Lundy Power Engineering Corp., Ltd., provides high-
quality engineering, equipment procurement, financing, and construction management services
within and outside the PRC.

* * * K *

Over the past 10 years we have seen the PRC market change. Initially, projects used the two-
island approach with stand-alone boiler and turbine islands. Now, turnkey contracts with one
general contractor are sometimes used to provide owners with one-stop shopping convenience.

However, only some projects will go forward on a single contractor tumkey basis, and most
international participants will be unwilling to assume full financial risk for a large coal-fired power
plant. As a resuilt, projects are increasingly organized on a consortium basis. This approach
provides one-stop shopping convenience to the owner. At the same time, it permits project
participants to share risk and to reduce their financial exposures.

This paper summarizes some of Sargent & Lundy’s direct experience with (1) how a PRC
consortium is formed and (2) what is required for a consortium to function successfully.
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ORGANIZING POWER PROJECTS IN CHINA

PARTICIPANTS IN PRC POWER PROJECTS

Building large, state-of-the-art coal-fired power stations in the PRC requires the coordinated
efforts of many firms specializing in design engineering, equipment manufacturing, financing,
provision of bulk materials, construction, startup, and project management. Local project
participants typically include PRC constructors, equipment suppliers, and engineers. Foreign
participants can include international engineering firms, major equipment vendors, auxiliary
equipment suppliers, financial institutions, and export credit agencies.

PROJECT OWNERS IN THE PRC

The project owner is typically a provincial power bureau, vertically integrated to generate,
transmit, and distribute electric power within its service territory. The owner can also be an
independent power supplier, who sells electricity to the provincial power bureau, in accordance
with the provisions of a power purchase agreement. For an independent power supplier, it is
usual to have an ownership structure that includes both PRC shareholders and an international
developer. The PRC shareholders can include the provincial power bureau and local government
bodies and will typically control ownership shares in excess of 50%.

The owner’s primary objectives include building power plants on the basis of

. Cost effective, competitive pricing
. Fast-track completion schedules and

. Proven technology and performance levels

ALTERNATIVE APPROACHES TO ORGANIZING PROJECTS

Project participants can come together under a number of different arrangements to meet the
owner's primary objectives and to generate the winning bid. They can use the

. Multi- or three-island approach, with separate contracts to the boiler and turbine
vendors
. Turnkey approach, where a single contractor is responsible for all project facets

. Consortium approach, which combines some of the benefits of both island and
turnkey forms of project organization

THE TWO-ISLAND APPROACH

Traditionally, international power projects use the two-island approach (Figure 1). The owner
issues separate contracts to a boiler vendor and a turbine vendor, who in tum are responsible
for all procurement, erection, and startup of their respective power plant system and associated
auxiliary systems. The result is a self-contained boiler island and a self-contained turbine island.
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Boiler and turbine vendors subcontract engineering and construction, when required, and take
on the cost, performance, and schedule guarantees associated only with their specific island.
They are comfortable with these risks because they can control island performance through their
own resources. Also, construction risk is minimized because the less intricate nature of the island
design makes construction cost control more manageable.

With the two-island approach, the owner retains overall plant performance risk, including plant
heat rate and net output, as well as any risk associated with the inter-ties between the two
islands.

For project owners in the PRC who are comfortable with this traditional structure, the two-island
approach continues to work well. Sargent & Lundy is currently participating in the 350-MW
Ligang project, organized with this approach. We are a member of the Westinghouse turbine
island team, under contract to the Sunburst Power Development Company.

SINGLE CONTRACTOR TURNKEY APPROACH

Over the past several years, the approach to building international power projects has begun to
shift toward tumkey contracts, where the engineering, procurement, construction, and startup of
the entire power project are contracted under an all encompassing agreement with one general
contractor (Figure 2). This change has resulted in a significant shift of overall project risk from
the owner to the tumkey general contractor, whose responsibilities and risks include

. Fixed price for the entire project

o Date-certain completion schedule

. Overall project performance (heat rate, output, etc.)
To ensure performance, the contractor is required to provide backup guarantees on price,
schedule, etc., through liquidated damages contract provisions. Payments of these damages are

usually capped at less than 30% of the contract price. For smaller facilities, however, liquidated
damages can be as high as 100%.

Despite the convenience that tumkey contracts offer the owner, they are not always practical:

. Coal-fired power plants are typically large projects with all-in costs in the $400
million to $1000 million range. Many prospective turnkey contractors do not have
the balance sheet or desire to issue the required financial guarantees on their
own.

o In addition, the PRC is a new market for many international project participants
and the rules for project development continue to change. Prospective turnkey
contractors often find it desirable to share these risks, as well.

o Finally, prospective tumkey contractors may lack experience with PRC design
institutes, equipment suppliers, and construction companies. Their lack of
experience in these important areas represents additional risk.

As a result, a coal-fired power project in the PRC is increasingly likely to be organized as a
consortium of engineering firms and equipment manufacturers and suppliers. This approach
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combines some of the benefits of the turnkey approach (one-stop shopping for the owner) and
of the two-island approach (limited risk exposure for individual project participants).

Boiler Island

Provides
. Boiler
. Coal pulverizer
. Boiler auxiliary
— Fans
— Ductwork
- Baghouse
~ Ash handling
. Engineering
. Erection and installation
. Startup

Turbine Island

Provides

. Turbine

J Generator

. Turbine auxiliary
— Control systems
- Water treatment
- Transformer, etc.

. Engineering

¢ . Erection and installation

. Startup

Figure 1: Traditional Two-Island Approach

Owner

Turnkey contractor

Architect-

. Boiler Vendor
Engineer

Auxiliary
Equipment
Vendor

Turbine
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THE CONSORTIUM APPROACH

HOW IS A CONSORTIUM FORMED?

A consortium is a contractual agreement among project participants to come together as a team
for a specific project (Figure 3).

Initially, engineering, technical, procurement and construction responsibilities are allocated
among prospective consortium members. One team member is designated consortium leader.

The banking contacts and the relationships (with various export credit agencies) of all consortium
members are brought together and used to bring down financing costs. Business development
and bid preparation costs are also shared.

The bid is fixed price and date-certain, specifying overall project performance levels. Contract
risks (i.e., financial guarantees to back up price, schedule, and performance provisions) are
allocated among consortium members. Some of these risks are assumed by individual members,
who issue financial guarantees to cover specific portions of risk. Other risks that no member can
control individually are pooled.

Rewards are designed so that each member will maximize its profit when overall project

performance is optimized, when total project cost is minimized, and when project schedules are
met or bettered.

Typically, PRC power project consortia have been responsible for engineering and procurement
(EP consortium). In the future, consortia will be required to assume expanded scope of
responsibility for construction as well as engineering and procurement (EPC consortium).

ENGINEER AND PROCURE CONSORTIUM: SHANGHAI SHIDONGKOU SECOND
POWER PLANT

Sargent & Lundy's experience as consortium leader for the two-unit 1200-MW supercritical coal-
fired Shidongkou project provides a good example how an EP consortium is organized and how
it operates. The project owner was the Huaneng International Power Development Corporation
(HIPDC). Within the consortium, Asea Brown Boveri (ABB) supplied the turbine. ABB-Combustion
Engineering and Sulzer supplied the boiler. Sargent & Lundy provided engineering and procured
auxiliary equipment. Shanghai Power Construction Bureau, under separate contract to HIPDC,
built the power plant.

Financing was arranged from outside the PRC, with debt components from U.S. EXIM, Canadian
Export Development Corporation (EDC), and Compagnie Francaise d’Assurance pour le
Commerce Exterieur (COFACE).

As consortium leader, Sargent & Lundy was the coordinating engineer for ali plant design, as
well as the coordinator for all onsite technical advisory services and field engineering support.
Sargent & Lundy’s responsibilities for the project included the assimilation of engineers and
designers from the East China Electric Power Design Institute into the design project team.
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Sargent & Lundy also held a lead role in equipment procurement and in the transfer of
technology.

Procurement was a complex process. The specification of equipment and the negotiation of
price, schedule, quality, etc., were completed by Sargent & Lundy in concert with HIPDC. In
addition to the major equipment contracts (boiler, turbine, generator), there were 70 contracts
for auxiliary equipment to international vendors. Each contract had unique aspects and complex
negotiations because of client requirements, components manufacturing origin, export agency
financing, and PRC laws.

Contracts were also awarded to manufacturers in the PRC. For some of these contracts, special
compensation had to be made for local fabrication methods and availability of materials. For
example, the stress values of certain materials used for some low-pressure piping systems did
not meet the specification of international vendors. Therefore, considerable engineering effort
was required to ensure that overall power plant quality was never jeopardized by failure to
recognize differences in local material usage and manufacturing practice.

Consortium Construction
Leader
P Sargent & Lundy |- Shanghai Power
Construction
i 1 Bureau
Boiler Turbine Auxiliary Field Liaison
Equipment la— | !

ABB-CE/Sulzer ABB Sargent & Lundy Sargent & Lundy

Figure 3: Consortium Approach for Shidongkou Second Power Plant
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KEY ELEMENTS OF A SUCCESSFUL
CONSORTIUM IN THE PRC

Sargent & Lundy's PRC experience over the past 10 years leads us to believe that a successful
consortium will have five common characteristics:

o Contract risk will be allocated to those participants most qualified to control each
element of risk.

. Project will be guided by state-of-the-art engineering.

] PRC technical staff will be fully integrated into consortium technical teams to
facilitate an effective two-way transfer of technology.

] Consortium leader will have broad experience with international equipment
manufacturers and vendors.

. Consortium leader will have extensive experience in the PRC, with knowledge of
PRC design institutes and construction companies.

Each of these characteristics is examined in more detail below.

ALLOCATION OF RISK

Although some risk is directly attributable to certain vendors (e.g., boiler output and efficiency,
turbine output and efficiency), overall plant performance is not necessarily attributable to any one
participant. In planning how risk will be managed and allocated, it is important to segregate risk
components into two categories:

. Risk that can be clearly attributed

o Risk that requires an agreed-upon approach for resolution

For attributable risk, the consortium can protect itself by requiring back-to-back equipment
guarantees from all major vendors. Accordingly, the consortium's contracts with its major
equipment suppliers (who may also be consortium members) will include provisions for liquidated
damages. The consortium will attempt to pass through to the vendor its full exposure. The
vendor may be unwilling to extend his risk position beyond a certain percentage (30-50%) of
equipment price, and the consortium will retain exposure to liquidated damages over the
vendor's cap.

The second type of risk can be attributed to muitiple parties. For example, shortfails in net output
could be the responsibility of the engineer for not minimizing auxiliary power requirements. It
could also be the result of auxiliary equipment problems. Similarly, construction delays couid be
attributed to the general contractor or to other parties who missed a deadline on account of
receiving late information from a third party, and so on. To leave the determination (of how such
claims will be allocated) to future negotiations could make the consortium vulnerable to internal
dissention. To avoid this problem, Sargent & Lundy has taken the position that the consortium
agreement should include clear provisions for claims resolution.
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The typical approach Sargent & Lundy takes is to use a common pool, funded by all consortium
members, to cover cost overruns and claims for liquidated damages. How the pool is funded is
a matter for negotiation among members of the consortium. It can be based on equal
contribution or on a pro rata basis, whereby contributions are proportional to each member's
share of total project costs. In our experience, we have found that the equal contribution
approach can, at times, be more practical and can enhance teamwork. If the consortium needs
to pay liquidated damages, Sargent & Lundy’s preferred approach is to use a three-tiered
structure of payments:

. The initial payments are made from the pool, until the pool account is exhausted.

. Next, the party responsible for damages (if cause can be attributed) will pay up
to its cap amount.

. Any additional payments will be contributed by the remaining consortium members
on a pro rata share basis, until their liquidated damages cap is reached.

STATE-OF-THE-ART ENGINEERING

On a relative basis, engineering design is not a large cost component for coal-fired power plants
and many design issues are invisible to clients and our business partners. Nevertheless, superior
engineering is critical to guiding the design and construction of coal fired power plants. State-of-
the-art engineering is required to

. Identify optimal project configuration

. Specify complex major equipment and the multitude of auxiliary balance of plant
equipment

o Design all interfaces (structural, piping, electrical, etc.) to ensure the efficient
operation of the entire power plant.

Sargent & Lundy has used its extensive experience in the power generation industry to develop
state-of-the-art design tools for coal-fired plants. Our computer-based system PLADES2000
integrates information management with computer automated engineering design, project
management, and plant information. Once the project design is resident on PLADES2000, our
engineers and technical staff worldwide have access to it. One key function of PLADES2000
is to assist our engineers in reducing plant costs, shortening construction schedules, and
improving quality.

INTEGRATED PROJECT TEAMS AND TWO-WAY TECHNOLOGY TRANSFER

Sargent & Lundy's experience bears out the great practical value that PRC engineers and
technical staff can bring to the successful completion of major power projects.

Instead of carving out limited and separate responsibilities for PRC engineers on our Shidongkou

project, we have integrated over 40 PRC engineers into our project teams. This approach
resulted in several important benefits. PRC engineers
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] Provided important insights about locally available materials, construction, and
power plant operating practices

. Assisted our management and technical teams in bridging cultural and language
barriers. (Sargent & Lundy also has over 50 of its own professional staff fluent in
Mandarin Chinese)

. Contributed to reducing the blended costs of our engineering services

. Contributed strong technical expertise gained through a long history of designing
their own power plants in the PRC

Integrated teaming also resulted in important technology transfer benefits, enhancing the ability
of Sargent & Lundy project management and design teams to improve our competitive position
for future assignments in the PRC. Through this process, we gained

J Practical knowledge of the PRC national power plant building codes, as well as
experience with many local codes in such areas as fire protection and plant
access roads

. Understanding of field fabrication methods for low-pressure piping systems

. Understanding of PRC techniques used for civil work, minimizing the use of
materials and supplies and making tradeoffs involving more labor-intensive
processes without suffering setbacks in overall project schedules.

The knowledge we gained from PRC team members was also helpful in generating efficient
specifications. Our familiarity with local practices, standards, and supplies made it possible for
our engineers to recognize the supplies that were available and how they could be adapted to
project construction and erection requirements. This knowledge enabled us to avoid excessive
detail in our specifications and to provide desirable flexibility for field work.

Technology transfer was a two-way street, with benefits accruing to PRC participants in the
areas of

. Increased familiarity with international codes and standards

. Engineering design automation

] Project planning and management processes

Sargent & Lundy’s has found that technology transfer generates benefits to all parties in PRC
projects:

. Technology transfer is certainly an important part of pushing for continuous
improvement in quality.

. Technology transfer also strengthens our PRC partners (design institutes and
constructors) for future projects where we can cooperate and enhances our
combined ability to generate competitive winning bids.
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EXPERIENCE OF CONSORTIUM LEADER IN POWER GENERATION INDUSTRY

Coordinating the formation of and leading a consortium for a large, complex international project
in the PRC requires extensive industry experience and contacts. To obtain bids from world-wide
sources and to get the best price from qualified equipment manufacturers and service providers,
the international consortium leader's network of contacts must extend to

. International financial institutions

. Export credit agencies

. Multilateral institutions (World Bank, Asian Development Bank)
. Major equipment vendors and auxiliary equipment suppliers

. Constructors

Sargent & Lundy has worked with most qualified equipment manufacturers for boiler islands,
turbine islands, and auxiliary equipment. We also have extensive experience with major
constructors and international financial institutions.

Industry standing, such as Sargent & Lundy's, becomes particularly important when a consortium
is created, i.e., reconfigured from a number of competing consortia. As an example, several
international consortia are formed to pursue a major coal-fired project opportunity. Each
consortium tries to win on the basis of cost, technical ability, and schedule. Instead of awarding
the contract to one of the competing consortia, the owner creates a new consortium, using the
boiler vendor from original consortium A, the turbine vendor from original consortium B, etc. The
newly created consortium will face certain challenges. Design interfaces and instrumentation and
control issues need to be worked out among new participants, under tight schedules and among
participants who may not have developed strong working relationships.

Under these circumstances, it is essential that the consortium leader be an internationally
respected, widely experienced major industry participant. It is under such challenging
circumstances that a firm like Sargent & Lundy can add particular value. We have worked with
most industry participants in the past under a variety of circumstances and can work with them
again.

The participants of a newly created consortium know that our design and project management
teams will perform and that overall project success can be attained.

EXPERIENCE OF THE CONSORTIUM LEADER IN THE PRC: MOVING TOWARD
A FULL ENGINEER, PROCURE, AND CONSTRUCT CONSORTIUM

Experience in the areas of consortium management, project management, and engineering
design services in the PRC is of critical importance in forming a winning consortium. Experience
in the PRC facilitates the full determination of owner needs and a realistic assessment of PRC
project partners’ qualifications.

By the same token, being known in the PRC as a reliable international partner will strengthen
the level of cooperation by
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. Design institutes
. Local construction companies and suppliers
. Ministries and provincial authorities

J Financing sources

Their cooperation is key to identifying the most cost-efficient approach to local procurement and
services and to generating a winning bid that has attainable cost structures and completion
schedules.

Sargent & Lundy’s PRC experience‘ (Appendix A) certainly bears out the value of being an active
participant in PRC power projects for over 10 years.

In the future, extensive PRC experience will be even more significant, as an increasing share
of the market is claimed by independent power producers (IPPs). The IPPs and the banks that
provide financing for their projects will generally seek to obtain fixed-price, all-encompassing
EPC contracts.

Taking on the full EPC risk will represent additional exposure for an international consortium. The
additional risk can be addressed by recruiting an international construction company to join the
consortium. The construction company would form a joint venture with a PRC constructor to
carry out all construction tasks.

Alternatively, the consortium could mitigate its construction risk by assigning the consortium
leadership role to an experienced firm, such as Sargent & Lundy. Our knowledge of local design
and construction practice, locally available supplies, building codes, and experience with PRC
construction firms give us the upper-hand in leading and coordinating an EPC consortium
directly. Our contacts in provincial power bureaus and local govemment bodies (the likely PRC
participants in IPP project ownership groups) further enhance our ability to acquire high-quality,
responsive construction services.

We look forward to participating in the evolving EPC market of the PRC and working with our
Consortium partners to successfully bring on-line a number of major coal-fired projects.
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APPENDIX
SARGENT & LUNDY’S EXPERIENCE IN THE
PEOPLE’S REPUBLIC OF CHINA

Projects in the People’s Republic of China

Sargent & Lundy (S&L) has maintained close relationships with the power industry in the
People’s Republic of China (PRC), with the managers of the Nuclear Industry and Water
Resources and Electric Power in Beijing, various corporations, power plants, and design
institutes. The following paragraphs summarize selected projects.

1.

260-020T

Qin Shan Nuclear Power Plant

In 1983, S&L was awarded the first international nuclear work granted by the PRC,
when we were requested to perform a design review of the auxiliary building for the
Qin Shan power plant. We worked with a number of engineers and scientists from
the ShanghaiNuclear Energy and Design Institute (SNERDI--formerly the 728 Design
Institute), who visited our Chicago office to review key emergency core cooling
systems and supporting systems for Qin Shan. We reviewed the auxiliary building,
five key systems, and 14 additional systems. We presented the results of these
system reviews formally at a meeting in Shanghai in December 1984.

In the second half of 1985, S&L performed a detailed design review of the control
room at the Qin Shan nuclear power station. This review also required working with
SNERDI engineers in our Chicago offices. We prepared a formal report and it was
presented to SNERDI in Shanghai.

At the request of SNERDI, we then submitted a proposal for two specialized heat
transfer and hydrodynamics computer programs used in piping analysis. In addition
to working with Chinese engineers in our Chicago offices, S&L specialists traveled
to Shanghai to set up a fully operational program in Shanghai. We provided complete
code documentation.

In 1988, we provided support to SNERDI and the Qin Shan project in the resolution
of technical questions associated with the final safety analysis report (FSAR). We
made presentations on the approach to preparing FSARs used in the United States,
on communications with the Nuclear Regulatory Commission, and on our proposed
program for the development of the Qin Shan nuclear plant FSAR. In addition, we
gave a detailed presentation on codes and engineering analysis performed in support
of nuclear plant design. We provided SNERDI with a partial list of S&L's programs,
together with an abstract of each. Sargent & Lundy documented Phase 1 of the
FSAR work in a report.

The second phase of the FSAR assistance involved a different group of PRC
engineers and scientists working with our staff in Chicago to resolve questions on
the FSAR. The PRC engineers retumed to Shanghai with the Phase 2 FSAR report
in June 1988.
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In 1990, we assisted SNERDI by reviewing overall general arrangements and system
design. We made a formal presentation of the results of our review and submitted
a report to SNERDI.

In 1993, we trained SNERDI engineers in the use of several analytical programs.

2. Shanghai Shidongkou Second Power Plant
In 1987, the Huaneng International Power Development Corporation authorized S&L
to serve as consortium leader, balance-of-plant supplier, and architect-engineer for
two 600-MW, superecritical coal-fired units for the No. 2 Shidongkou power plant. The
consortium for the work consisted of Asea Brown Boveri and Sulzer Brothers from
Switzerland and Combustion Engineering and S&L from the United States.

Sargent & Lundy's responsibilities as the consortium leader included the coordination
of all project activities involving financing, engineering, procurement, delivery,
commissioning, and testing. Our scope as the supplier of the balance-of-plant
equipment involved intemational procurement, including a substantial effort to
procure items locally in the PRC. As the architect-engineer, we provided conceptual
design of the entire power plant, detailed design of the balance-of-plant, and
coordination of the design activities of all the consortium members. In addition to the
design function, S&L was responsible for field advisory services, with S&L engineers
stationed at the site to provide field design engineering and construction advisory
services.

3.  Wujing Power Plant Extension Project
During 1987 and 1988, S&L provided technical consulting services to the China
International Water and Electric Corporation and Shanghai Municipal Electric Power
Bureau for two 300-MW, coal-fired units as part of the Wujing Power Plant Extension
Project. Our services included preparation and review of conceptual design drawings
and bid documents, bid evaluation, and assistance with contract negotiations.

4.  Yanshi Power Plant Extension Project
In 1988, we were awarded a contract to review the design for the two-unit, 300-MW,
coal-fired Yanshi Thermal Power Plant Extension Project for China Intemnational
Water and Electric Corporation and Henan Provincial Electric Power Bureau. We also
evaluated international bids; assisted in contract negotiations for the boiler, turbine,
and instrumentation and control islands; and provided construction management
support services.

In 1992, we provided support for interface engineering for the Yanshiinstrumentation
and control island, including review of the instrumentation and control systems and
equipment provided to ensure that the functional and contract requirements were
met. Sargent & Lundy's scope included technical assistance in the startup and
commissioning of the instrumentation and control island.

5.  Zouxian Thermal Power Plant Extension Project
Sargent & Lundy was retained in 1989 to assist Shandong Provincial Electric Power
Bureau and Northwest Electrical Power Design Institute by providing engineering
consulting services for a two-unit, 600-MW, coal-fired thermal power plant. We
reviewed the conceptual design and prepared specifications for the electrical,
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instrumentation and controls, and water treatment systems and the boiler and turbine
islands. We also evaluated the bids and assisted in contract negotiations for the
electrical and instrumentation and control systems and the boiler island. Currently,
we are coordinating interface for the turbine and boiler island; reviewing equipment
drawings, documents, and calculations; and attending vendor meetings associated
with these activities. Sargent & Lundy also is providing construction management
support for startup, testing, and commissioning.

Waigaogqgiao Site Evaluation

The Shanghai Municipal Electric Power Bureau authorized S&L to conduct a study
of the Waigaoaqiao site for addition of two coal-fired units of 800 MW or 1000 MW.
As part of the study, we developed

o Heat balance diagrams

o General arrangement drawings

. Site development drawing

J Electrical single-line drawing

. Flow diagrams for major systems

. Conceptual cost estimates

In addition, we estimated plant availability, heat rates, and coal consumption. The
study also included an evaluation of provisions for a future flue gas desulfurization

system. We completed a draft report in December 1992 and presented it in the PRC.
The final report was issued in March 1993.

B. Overall Relationship With and Knowledge of the People’s Republic of China
Sargent & Lundy has established very cooperative and friendly relationships with many
electric power organizations in the PRC. Our personnel have visited these electric power
organizations in the PRC. We have engaged in either project work or business
development activities with the following organizations in the last few years:

East China Electric Power Design Institute

Northeast Electric Power Design Institute

North China Electric Power Design Institute

Northwest China Electric Power Design Institute

Beijing Institute of Nuclear Engineering

Shanghai Nuclear Engineering Research and Design Institute
Central-South Electric Power Design Institute

Southwest Electric Power Design Institute

Various provincial power design institutes

Our experience has given to S&L a good understanding of the structure of these
organizations.
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Sargent & Lundy is well known and enjoys an excellent reputation in PRC. Sargent &
Lundy engineers, many of whom are of ethnic Chinese background, have made numerous
project and business visits to the PRC and are very familiar with peoples, languages, and
customs of the nation. Senior S&L employees of Chinese background maintain and
improve our relationship with various levels of Chinese officials and personnel from the
government, power industry, and scientific communities of the PRC. Finally, as a result of
our involvement with the PRC, we have developed a depth of understanding of its
engineering community and the design philosophy and construction practices of the power
industry in the PRC.

In addition, S&L has been awarded several PRC power projects financed by the World
Bank. We are accustomed to complying with the special requirements of international
clients and of the World Bank.

C. Formation of Joint Venture Company
In March 1993, S&L announced its plan to establish a joint venture firm, the Beijing-
Sargent & Lundy Power Engineering Corporation, Ltd., with China Power Engineering
Consulting Company (CPECC), Beijing, in conjunction with Northwest Electric Power
Design Institute (NWEPDI), Xian. The agreement for the joint venture was signed in
February in Beijing by CPECC, NWEPDI, and S&L. The signing was well publicized in the
PRC and was attended by delegates from the Ministry of Electric Power, utilities, design
institutes, and power-related industries.

In announcing the agreement, S&L's senior partner stated: “Forming this joint venture is
a very significant step for our three organizations. Sargent & Lundy is very pleased that
our work in the PRC for the past 10 years on both fossil-fuel and nuclear plants has
evolved into this agreement. Together, we will be able to provide the best services both
technically and economically to the whole Chinese power industry as well as to the power
industry in other countries.”

Beijing-Sargent & Lundy Power Engineering Corporation, Ltd., combines the expertise of
the three companies to offer high-quality and cost-effective assistance and services to the
power industry throughout the PRC and to international companies involved in power
projects in the PRC and other countries.

China Power Engineering Consulting Company is the only state-owned power engineering
consulting company in the PRC. Northwest Electric Power Design Institute is the largest
and one of the most experienced power design institutes in the PRC. Both organizations
are part of the Ministry of Electric Power. Sargent & Lundy, based in the United States, is
one of the most highly regarded power engineering and project management firms in the
worlid.
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BULK POWER SYSTEM PERFORMANCE ISSUES
AFFECTING UTILITY PEAKING CAPACITY ADDITIONS

Thomas F. Garrity
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GE Industrial and Power Systems

ABSTRACT

This paper presents a discussion of transmission system constraints and problems that
affect the siting and rating of peaking capacity additions. Techniques for addressing
and modifying these concerns are presented. Particular attention is paid to techniques
that have been successfully used by utilities to improve power transfer and system
loadability, while avoiding the construction of additional transmission lines. Proven
techniques for dealing with thermal, short-circuit level and stability issues are
presented.
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BULK POWER SYSTEM PERFORMANCE ISSUES
AFFECTING UTILITY PEAKING CAPACITY ADDITIONS

1. INTRODUCTION

The constraints of utility bulk transmission systems can play a significant role in
selecting the location and rating of generation capacity additions. This is particularly
true for peaking capacity additions. In many modern power systems, rapid load
growth combined with severe constraints on the addition of new transmission capacity
have forced utilities to reconsider their traditional planning and operations
philosophies. Economic and political realities may make the preferred engineering
solution to system challenges unpleasant or impossible. Due to environmental
concerns, historically acceptable options may have unacceptable social costs.

In this paper we will review many of the potential limitations in the siting of new
generation, and consider options other than construction of new transmission lines for
relieving these constraints. Further, we will illustrate that with proper siting and
control, new generation can actually increase transfer capabilities and improve the
overall performance of the bulk system.

-

2. FACTORS AFFECTING SITING AND SIZING

Ignoring all external constraints, it is reasonable to conclude that the best location for
new generation, particularly peaking capacity, is at the load to be served. Siting
peaking generation at the load removes any requirement to reinforce the transmission
system. ‘There are several practical issues that may make location of peaking
generation at or near the load center difficult, if not impossible. Further, there are
many different forms that transmission limits can take.

Many utilities serving urban loads are faced with potentially excessive short-circuit
currents. Siting new generation in areas reaching the interrupting capability of
existing switchgear can result in expensive equipment change outs, in some cases, the
equipment already in-service are the maximum ratings that are available.
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Limits on siting new generation close to the load center also include non-electrical

issues, for example, concerns over air and noise pollution and high real estate costs.
Typically large urban load centers are subject to both of these constraints.

When the generation additions are driven to locations farther from the load centers,
limits tend to be more electrical in nature, and somewhat less societal and political.
One of the most difficult issues for remote siting of generation is the thermal limits of
the intervening lines. Since the period of peak load normally, though not always,
coincides with the heaviest loading on the transmission corridors, this can be
particularly troublesome for peaking capacity additions. Even if thermal limits are not
reached during these periods, other stability limits can be encountered. Stability
limitations can take several forms, including voltage stability, poor damping and
transient stability problems, as well as related voltage and frequency control problems.

In the next section, we will consider available methods for addressing each of these
concerns. Most of these methods are in practice in utilities around the world.

3. TECHNIQUES FOR INCREASING CAPACITY

3.1. Methods for Increasing Capacity of Thermally Limited Lines

Dynamic Rating — A number of North American utilities have adopted operations
policies that take advantage of variable weather and loading conditions to squeeze extra
capability from their transmission lines. It is common practice for the maximum
steady-state MVA loading of .a transmission line to be calculated based on the
maximum ambient temperature, minimum steady-state voltage, and very light wind
conditions. In reality, this is a very conservative approach. Most of the time, these
conditions will not remain constant at very heavy loading, thereby leaving line
capacity under utilized when the loading is limited to the calculated level. Another
aspect of the line capability is that transmission lines can be loaded above their steady-
state ratings for a period of time. North American utilities frequently utilize two or
three allowable loading levels: a steady-state rating, a long-term overload rating,
commonly 4 hours, and short-term overload rating, commonly either 5 or 30 minutes.
These values are typically determined by calculation of the maximum allowable sag
of the transmission line catenary and by maximum allowable temperature rise.

Several utilities have adopted real-time monitoring techniques that can actually
measure the limiting quantities on critical transmission lines. Specifically, systems
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are in use to monitor conductor temperature and line sag, and transmit this
information back to the utility or pool lead dispatch centers. This approach is useful
for two general classes of application. The first is to maximize steady-state power

transfer over a line, or across an interface, for the prevailing system conditions. A
second related application is to use a real-time monitoring system to guide remedial
actions following system contingencies resulting in the steady-state ratings being
exceeded [1].

The cost of real-time monitoring systems is very small compared to the cost of adding
transmission capacity, and can be implemented with relatively short lead-times.

Balance Active Power Flow — It is common for bulk power systems to have power
transmission limitations due to poor division of active power flows on parallel EHV
transmission lines and corridors. Since transmission of power across a system
interface will be limited by the ability of the first circuit to reach its capacity, the
optimum utilization of the transmission system will result when the flows are
balanced between the lines constituting the interface. This balance is based on the
percent of thermal capacity of the lines.

When there are significant distances above 100 kM involved, series compensation can
be an extremely effective means of simultaneously balancing flows and improving
voltage profiles on transmission corridors. Utility systems around the world have
adopted series compensation, with more than 100 installations in service. For example,
the performance and integrity of the power grid for the entire western half of the U.S.
and Canada is dependent on the many series capacitor banks in service there.

Another manifestation of poor active power distribution is observed in urban power
systems. It is common for urban systems to be served by a network of transmission,
one or two voltage levels below the EHV system. These networks of transmission,
typically in the 115 - 275 kV range, may come in various forms, including mesh and
ring arrangements. Control of active power flow on these systems can sometimes be
achieved through the use of series reactors, although there may be significant
penalties in terms of reactive power losses. One technique, commonly used in the
urban centers of the northeastern U.S, is the introduction of phase shifting
transformers (PSTs). Phase shifting transformers are used in these systems to direct
active power flow onto (or away from) specific circuits, thereby allowing all of the
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circuits serving a particular urban area to be heavily loaded. These devices can be
maneuvered through local controls or under command from the central dispatch
office. This allows for relatively fast modifications in the power system flow patterns,
subject to changing load and system topology.

Balance Reactive Flows — Another aspect of transmission system loading that can have
a significant negative impact on loadability is poor balance of reactive power flows. In
systems that rely heavily on the reactive power output of generation to satisfy the
transmission network, reactive power demands can unnecessarily exhaust the
ampacity of the transmission system. For example, feeding a transformer or a line
with a 0.9 power factor MVA loading steals 10% of the line’s capacity to carry active
power. Virtually all utilities in North America widely utilize shunt compensation to
provide for some or most of the reactive power requirements of the bulk power system.
This shunt compensation is typically provided above and beyond the power factor
correction capacitors deployed at customer loads or on distribution systems.
Transmission voltage shunt compensation may 1) be scheduled by system operators,
2) be switched on and off in response to local voltage or reactive power flow, or 3) a
combination of the two. Similarly, maintaining voltages at or near to the high end of
their steady-state maximum can increase the transfer capability. For example a line
maintained at 105% of nominal voltage can result in an approximate 10% increase in
the power capacity over a line maintained at 95% of nominal. It has been proposed that
the inherent voltage overload capability of transmission systems can also be exploited
in a similar fashion to short-time current overload.

Voltage Uprate — High voltage transmission, particularly that in the range of 55 to
169 kV, can be subject to a voltage uprate. With the advent of improved insulation
materials and systems, particularly non-ceramic insulators, existing transmission
lines and substations can be slightly modified to allow for significantly higher voltage
levels to be utilized. In North America, uprate from 69 kV to 138 kV and from 115kV
to 230 kV have been successfully implemented on transmission lines without
requiring massive line reconstruction [2].

3.2. Dealing With High Short-Circuit Levels

In urban power systems subject to rapid growth, an increasingly common problem is
excessive short-circuit currents. These problems occur particularly at the transmission
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voltages one or two levels below the EHV bulk transmission (i.e., in the 115kV to
275 kV range), although problems at EHV levels are occasionally found as well.
With existing breaker technology, the highest available interruption levels at these
voltages are usually 63 kA. Increasing generation in a load center can significantly
increase the short-circuit current level in the nearby transmission system. There are a
number of techniques available to confine these short-circuit currents to levels
compatible with available breakers.

Sectioning Substations — Substations with very high levels of short-circuit current
typically have a relatively large number of circuits feeding in and out of the station.
One practice used by utilities facing excessive short-circuit current levels is substation
sectioning. This requires the addition of at least an additional breaker or load break
switch, as show in Figure 3-1. For this example, the benefit of sectioning in terms of
short-circuit current is clear. With the breaker open, the short<circuit current is
assigned to either side A or B, thereby significantly reducing (halving if we assume
symmetry for this simple example) the interruption requirements of the breakers in
the station. There is, of course, a reliability penalty associated with this configuration.

Bulk System

Sectioning
. Breaker
(Normally Open)
A r( B
L
Load Center

Figure 3-1. Sectioring a High Shont-Circuit Correct Bus.

The loads served off of side A and B can be interrupted by an event that is less severe
than the event required to disrupt the loads on both sides when the sectioning breaker
is closed. This reliability penalty is partially offset if sectioning is introduced in
conjunction with local capacity additions. In Figure 3-2, the addition of two peaking
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units is shown. The new units will increase the short-circuit capabilities of the two,

now isolated, buses. For this configuration to be acceptable, the total short circuit
strength of each bus must remain within the interrupting capability of the existing
breakers. The reliability penalty mentioned above is now partially offset by the ability
of the new generation to support the voltage at the bus, and to serve the local load in the
event of a more severe event. There must be a reasonable balance between the local
load served and the capacity of the new unit, so that the system can sustain a severe

event.
Bulk System
I
N.O.
[
L
Tt T T !
I |
I |
I |
|% !
| N [
IB O New |
: Capacity:
—— ) :3 ~) !
I I
1 !
i !
! |
b e e e e e |

Load Center

Figure 3-2. New Capacity to Sectioned Bus.

Short-Circuit Current Limiting Reactors — The use of short-circuit current limiting
reactors is relatively common in urban power systems, particularly those with HV
cable. Installation of reactors can be accomplished through the following techniques.
One technique is to use a reactor instead of the sectioning breaker. If we consider the
system of Figure 3-2, a reactor between the two sides of the bus will reduce the short-
circuit contribution from one side to the other. Obviously, the reduction is much less
than that obtained with the switch, but the reliability penalty is less with this scheme.
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A second configuration is shown in Figure 3-3. Series reactors will also reduce the
fault current levels at the bus. The introduction of a series reactors large enough to
have a substantial effect on the shortcircuit currents can result in other problems, most
notably poor voltage regulation. However, the addition of new generation capacity at
the bus can restore, and possibly improve the voltage regulation. Since peaking
capacity will not always be on line, reactor bypass switches can take the series reactors
out-ofservice during off peak periods. This switched arrangement is incompatible
with some relaying schemes.

Series Reactors

with Optional Bulk System
Bypass Switches\* :

N.O.

[

L]
e m - |
t !
! I
! i
30
: 3 New :
: % Capacity |
D, I
T[] —=—0) .
! |
! |
! I
! I
L e e e - - - —— — ]

Load Center

Figure 3-3. Reducing Short-Circuit Currents with Series Reactors.

The use of phase shifting transformers, as discussed in the previous section, also
introduces some additional impedance and therefore reduces fault current levels.
However, this is a secondary effect. There are a number of emerging technologies
involving the use of semi-conductors or superconductors that show promise for
application as short circuit current limiting devices. (These technologies are not ready
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for commercial use.) Obviously, location of generation remote from the urban center
will also reduce fault current levels.

3.3. Dealing with Pollution

A critical consideration in siting new generation, particularly in urban areas, is the
emission of pollutants. Aside from remotely siting generation, there are a few other
technology options.

Clean Combustion Technology — Reccgnizing that the latest generation of combustion
technology is extremely clean, there is a growing trend in the US towards the use of
“credits”. This approach can allow a utility to install additional capacity, if other
corresponding reductions in air pollutants are achieved. Credits can be obtained by
retiring older, dirtier generation. While this may not be an option for very rapidly
growing systems, there are other means for obtaining credits. For example, utilities
have offered to purchase old polluting automobiles, and retire them, in return for
credits towards emissions from new generation. Such a policy might be very
attractive in urban areas where vehicles in poor operating condition contribute
significantly to air quality problems.

Energy Storage — An alternative to adding generating capacity for peaking is the
addition of energy storage. Advances in the state of the art for power electronics and
batteries have made battery energy storage systems (BESS) a viable technology for
utility applications. BESS can be used to perform diurnal storage, serving load during
peaks, and recharging during periods of lighter load. Modern BESS systems have the
capability to perform the same voltage and frequency control functions that small local
generation can. However, BESS has essentially zero emissions, including minimal
noise, which can be a significant pollution factor in some instances. BESS are
commercially available in sizes on the order of 1 to 40 MW. The equipment cost of
BESS is significantly higher than most peaking generation, so applications typically
must have special needs to justify BESS. These needs can include requirements for
very fast response, low maintenance, no emissions or noise, and no storage of fuel [3].
These devices do not contribute to short-circuit currents.
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3.4. Dealing with Stability Limitations

The previous sections have illustrated some of the challenges associated with siting
peaking generation near load centers. Obviously, there are many factors that drive the
generation away from the load centers. As generation becomes progressively more
remote from load areas, and distances for bulk power transmission grow, it is common
for various stability problems, rather than thermal or short-circuit level problems, to
limit transfer capability. There are several forms that stability problems can take, and
a range of relatively mature technologies to address them.

Voltage Stability — With the evolution of modern, heavily compensated power
systems, voltage stability has emerged as the limiting consideration in many systems
(4]. The phenomenon of voltage collapse is dynamic, yet frequently evolves very
slowly, from the perspective of a transient stability program. For example, the 1987
collapse of the Tokyo Electric Power Company system [5] evolved over a period of
about 30 minutes. Means of protecting and reinforcing power systems against voltage
collapse are mostly dependent on means to supply and control reactive power in the
system. Shunt compensation, in the form of mechanically switched capacitors and, in
extreme cases, static var compensators can provide necessary support. Series
compensation, in-addition to providing the benefits outlined in Section 3.1, is an
extremely efficient means of reinforcing systems against voltage collapse.

Damping Problems — Heavy power transfers can create or aggravate damping
problems in power systems. Most new generation in North America is required by
regional reliability criteria to be equipped with power system stabilizers (PSS). These
devices can be provided as an integral part of modern generator excitation systems, and
are normally considered to be the first line of defense against poorly damped electro-
mechanical oscillations. Several newer technologies have the capability to damp
system oscillations, and are now in commercial operation. Most notably, thyristor
controlled series compensation (TCSC) is an effective means of providing damping [6].
TCSC has the very desirable characteristic, it does not contribute to subsynchronous
resonance (SSR) problems. SVCs with power swing damping functions are also in
commercial operation.

Transient Stability — Transient stability can limit the transfer of power, particularly
from remote, radially connected generation. Modern high performance excitation
systems keep transient stability problems minimized. Serious problems can be
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frequently be corrected by use of various switched devices, such as braking resistors
and SVGs, and by control techniques such as discrete field forcing (DFF).

4. POTENTIAL CONTRIBUTION OF NEW GENERATION TO
INCREASING TRANSFER LIMITS

The transfer of power across many bulk power systems may need to be curtailed to
assure that satisfactory operating conditions will be maintained following the loss of
critical transmission line sections (first contingency). This curtailment is sometimes
required by existing reliability criteria, and may lead to significant under utilization of
existing transmission infrastructure.

[t is common for transfer limits to be based on the steady-state power transfer limits of
the bulk transmission system following a contingency (normally a critical line
outage). The criteria utilized are usually based on static (algebraic) calculations;
primarily with the use of loadflow programs.

The addition of new generation along a transmission corridor may allow for
additional maneuvering of the plant. This is a transient measure that would allow the
system to “survive” following a limiting contingency by actively moving the system
to a new post-contingency set of boundary conditions. Evaluation of this sort of practice
is outside of the normal considerations within most utilities when evaluating
transmission constraints. Compléte evaluation of such a technique requires the use of
time simulations.

A typical utility imposition of the maximum allowable power transfer can be
described graphically (in a simple form) by Figure 4-1. In Figure 4-1, the upper curve
represents the voltage profile at a critical bus (e.g., a 345 kV transmission node) as a
function of power transfer, for a base system condition. This is the upper portion of a so
called “nose curve”. The lower trace represents the nose curve for the system subject
to a worst first contingency (e.g., Trip of a critical transmission line). The maximum
allowable transfer (operating point) is then dictated by a specified runback (RB) from
the maximum (Pmax) dictated by the worst contingency.

The potential for new generation to enhance the system transfer limit is based on the
concept of modifying the post contingency transfer level fast enough that the system
can survive the worst contingency. Thus. stabilizing action, due to the new generation
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Critical
Bus Operating
Voltage Base Point
Y \
Worst \T\
Contingency RB = Runback
= Runbac
_ RB
~<Prax Critical
P—> Power Transfer Voltage

Figure 4-1. Typical First-Contingency Constrained Transfer Limt.

site, can be accomplished by the unit automatic controls or initiated by system
operators. It may allow for the power transfer to be reduced to an acceptable level after
the occurrence of the contingency, rather than in anticipation of the event. In Figure
4-2 the base and worst contingency steady-state transfer characteristics are the same as
in Figure 4-1. However, added to this is another curve that represents a transfer limit
modified by a change in generation the new generation (towards more voltage
support). This technique, which would not move to the dotted curve instantaneously,
takes advantage of the fact that the motion of the system from the base characteristic
tothe postcontingency characteristic is not instantaneous. Depending on the reactive

<-AP->
Worst Contingency
With New
S‘ /Eeneration Changed
Worst Contingency /

Steady-State Without New
Generation Changed

Pmax Critical
P—>» Power Transfer Voitage

Figure 4-2. Increase Transfer Limits — Using New Generation Maneuvering
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capabilities of the new generation, the system may tolerate this operating condition
either for a steady-state condition or for long enough to allow for other changes in
operating point to be putinto effect.

As a result, judicious choice of siting, and management of reactive power reserves can
deliver substantial benefits to the system performance, above and beyond the
contribution of MW to the peak load.

5. SUMMARY AND CONCLUSIONS

There are many constraints on the siting and sizing of peaking capacity additions.
From a transmission perspective, there is strong motivation to place peaking generation
near load centers. However, this presents numerous challenges. Aside from adding
new transmission lines, there is a range of proven techniques, many involving the
addition of some hardware, which can incrementally improve the ability of the
existing transmission infrastructure to accept additional generation and to serve
additional load.

Inclusion of necessary transmission reinforcement, not necessarily new lines, in
generation projects may be an economic solution.

Siting of generation remote from urban load centers introduces another class of
problems. Voltage and flow control problems can frequently be corrected by
appropriate series devices. Many stability limitations to bulk power transfer can be
corrected by the addition of appropriate hardware and control schemes. Furthermore,
appropriate siting of new generation can actually increase the capability of an existing
transmission system to transfer power.
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Bulk Power System Performance Issues
Affecting Utility Peaking Capacity Additions

Thomas F. Garrity

General Manager

Power Systems Engineering Dept.
GE Industrial & Power Systems

Topics of Discussion

» Potential Limitations in Siting of New Generation

+ Options for Relieving Constraints

» Effects of Proper Siting and Control
- New generation can increase transfer capabilities
and improve overall performance

Factors Affecting Siting and Sizing

 Siting Peaking Generation Near Load is Difficult
» Limitations on Siting Due to:

- Concern over air and noise pollution

- High real estate costs

- Potential for excessive short-circuit currents

o Electrical Limitations When Generation Additions Are Remote from Load Centers

- Thermal limits of lines
- Stability limits

Methods for Increasing Capacity of Thermally Limited Lines

 Dynamic Rating - Many North American Utilities Use Variable Weather and Loading

Conditions to Increase Capacity

o Traditional Method is to Calculate Maximum Steady-State MVA Based on:

- Maximum Ambient Temperature
- Minimum Steady-State Voltage
- Light Wind Conditions

+ Lines Can Be Loaded Above Steady-State Ratings for a Period of Time

- Long-Term Overload Rating (4 hours)
- Short-Term Overload Rating (5 or 30 minutes)

874



cLiDES
SLIDE &
SLDiE 7

Methods for Increasing Capacity (Continued)

» Real-Time Monitoring Techniques
- Conductor Temperature
- Line Sag/Tension
- Monitoring Can Maximize Steady-State Power Transfers and Guide Remedial
Actions Following Contingencies

Balance Active Power Flow

 Limitations Due to Poor Division of Active Power Flows on Parallel EHV
Transmission Lines and Corridors

- Series Compensation is an Effective Solution

o Urban Power Systems Served by Complex Network of Transmission
- Control of Active Power Flow May be Achieved by Phase Shifting Transformers
- Phase Shifting Transformers Direct Active Power Flow onto Specific Circuits
- Allows for Fast Modifications in Power Flow Patterns, Subject to Changing Load
and System Topology

Balance Reactive Flows

 Poor Balance of Reactive Flows in Systems Relying on Reactive Power Output of
Generation to Satisfy Transmission Network
- Shunt Compensation Provides Reactive Power Requirement
- Scheduled by System Operators
- Switched in Response to Local Voltage or Reactive Power Flow
- Maintaining Voltage at High-End of Steady-State Maximum Can Increase
Transfer Capability

Voltage Uprate

+ Existing Transmission Lines and Substations Can Be Modified to Allow for Higher

Voltage Levels
-69 kVto 138 kV, 115kV to 230 kV
- Potential for Uprate Due to Improved Insulation Materials and Systems
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High Short Circuit Levels

» Problems Occur at Voltages One or Two Levels Below EHV Bulk Transmission
— «. * Techniques Available to Confine Short-Circuit Currents to Levels Compatible with
SUDEE  Available Breakers
» Sectioning Substation is a Solution
- Requires Addition of Breaker or Load Break Switch
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High Short Circuit Levels

» Short-Circuit Current Limiting Reactors
- Common in Urban Power Systems, Particularly Those With HV Cable
- Technique Uses Reactor Instead of Sectioning Breaker
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SLiDE 14

SLIDE I56
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Emission of Pollutants

o Critical Issue When Siting New Generation

Clean Combustion Technology for Power Generation is Available

e Trend in U.S. for Credits When Increased Capacity is Offset by Reduction of
Pollutants in Another Area

Emission of Pollutants (Continued)

o Energy Storage

- Addition of Energy Storage is Alternative to Adding New Peaking Capacity

- Battery Energy Storage Systems are Viable Technology for Utility Applications
- Fast Response
- Low Maintenance
- No Emission or Noise
- No Fuel Storage
- Devices Do Not Contribute to Short-Circuit Currents

Dealing With Stability Limitations

o Voltage Stability \
- Shunt Compensation and Static Var Compensation Provide Support
- Series Compensation Reinforces System
o Damping Problems
- Most New Generation in North America Equipped With Power System
Stabilizers
- Thyristor Controlled Series Compensation Provides Damping
- Static Var Compensation with Power Swing Damping Functions is in
Commercial Operation

Conclusions

o Many Constraints on Siting and Sizing of Peaking Capacity Additions
o Range of Proven Techniques, Other Than Addition of Transmission Lines
- Many Involve Hardware
- Techniques Improve Ability of Existing Transmission System to Accept
Additional Generation and Serve Additional Load
_ - Transmission Reinforcements as Part of a New Generation Project May be an
Economic Solution
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ELECTRIC UTILITY SYSTEM BENEFITS
OF FACTORY PACKAGED GE LM MODULAR
GENERATOR SETS

Greg West
Stewart & Stevenson
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Performance Summary

(59° F Ambient)

* 500 MW, net

(LHV, net)

e ~ 35 MM$ (installed)

e 7910 heat rate
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Conversion

Percentage of Time
(b) Load Duration

Curve of (a)

Demand

Time (Hours)

Time Dependent Curve to Load Duration Curve
Demand

890

(a) Time-Dependent Load
Curve for a Typical Day
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Conversion

Load Duration Curve to Cumulative Probability Curve

Percent of

Time as
Probability

Demand MW

DM

Demand MW

Percent of Time

(b) Inverted Load

(a) Original Load

Duration Curve

Duration Curve
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Data Base

Basic Plant Types
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Maintenance Cycles
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Variable Costs

Variable Operating and Maintenance Costs
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4l DSM Planning
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Utility’s DSM Objectives

Peak Shaving

Valley Filing
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Flexible Load
Shape
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Section 4

DSM Screening Analysis
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Demand-Side Technologies Load Shape Obiective Tables

Load Shape Definitions

Each load shape oblecave 1s aefined below

Peak Clipping

PPeak clipping requces a ualitv’s systermn Deak demand, reducing the
need (0 operaie peaving Luts with :e!ar‘velv hugh fuel cos:s
Uahtes tvpicaliv pursue peax cipping ondv for the days the system
peak i1s hkelv to occur, and the uality’s resources are not expected
(0 meest the impending ioad requirements. Peak d‘ppmq can be

achueved using direct load control technologies such as residentiai
air conditiorang cvcling or interrupable 1oad programs In the
commeraal and 1ndusoial sectors.

Valiey Filling

Valiev filling is z form of load management which increases, or
builds, off-peak ioads. Valley filling 1s desirable if a uality has
surplus capacitv 1n the off-peak hours. Also, a valley filling
strategy combined with bime-of-use rates can lower the average rate
customers pay for electricity by increasing off-peak sales. Secunty
lighang is an example of an end-use thzt may help inaease everung
ioads, which are tvpicaliy off-peak

Load Shifting

Load shifting invoives moving loads from on-peak periods to off-
pezk periods. If vou determine that the existing resources do not
mezt the expected demand during peak Deriods, but there is excess
capaaty during oif-peak peiiods, then vou might consider load
shifang technoiogies Load shifting coupled with time-of-use rates
can reduce the average price of elecicity to utility customers.
Residential water heater cyciing is one tecnnology which achieves
the ioad shifting objecnve.

Strategic Conservation

Strategic conservation results from a program where load
reductions occur in all or nearly all time periods. Such load
reduction mav be the result of customers installing more energy
T efndent eqmoment and/or decreasing equipment usage. Stategic
conservation <an be induced by price as well as technology. Prlce_
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Demand-Side Technoiogies- - Load Shape Objective Tables.

induced conservation occurs when higher electriaity prices
encourage people to use less energy and to use it more efficientv.
Technology-induced conservation occurs when the uality promotes
the indoducton of DSM technologies that reduce the load shape 1n
all periods. Technologies that can achieve this objecave include
energy-efficdent windows, insulatdon. energy-efficient residenaal
appuances, economizers, and lighting sensors.

Strategic Load Growth

(l)

Strategic load growth is a form of load building (o incre
efuoencv in vour power system. Strategic load c‘rowth can occur
for two reasons. First, load growth can be price-induced. If the
price of elecmcity decreases in real terms, customers wall increase
ther usage eand perhaps have less incentive to 1nstall energy-
efficent technologies. Second, load growth can occur if uhlities
encourage the installaton of more electric-intensive technologies or
through fuel switching. An example is an indusirial customer
repiacng 2 gas-fired furnace with an electric arc furnace. Strategc
load growth would be the objective for a utlity that has surplus
capaaty for all periods of the year.

Flexibie Load Shape

Technologies that meet the flexible load objective include water
heater cyciing and air conditioner cycling as well as real-ime
priang of services. Circumstances may arise where a utiity’s
resources are insufficient to meet the load requirements. If this
occurs under a consistent set of conditions, such as peak penods,
the udlity should choose the load shape objective of peak clipping
or load shifing. If the utility is resource-constrained on a less
preaictable basis such as occasional peak days, however, the uthtv
shouid set flexible load shape as its objective. Having the abihty tc
moaifv its load shape on short notice will enable the uglity to meet
the demand requn'ements without shifting or dipping load dunng
periods when it is not required.

Load Shape Tables

Successful DSM pianning involves selecting end-uses and
technoipgies that will help achieve specific DSM goals. Once vou
. have selected.vour load shape:objectives, you need to identify DSM
measures that can help you'meet your goals. It is necessary to
focus on end-uses and tecnnologles that have energy and load
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Demanad-Sice Tecnnolocies Loaa Shaoe Obiective Tabies

Charactenstics consistent switnh vour DSM goals. The tables wnicn
follow show the tecanoiogies and enad-uses for each sector
: (residentbal. comuneraal. indusmiai. ana agnicultural). The tzoes
: :ndicaie whether eacn tecnnotogy 1s rarerv apphcable. condiaonauv
appi-rzole, or strongiy apoicapie 1in fulfilling each load snape
oDjex:iive.

Residentiai Technology Load Shape Objecuve Matrix

'[ . Load Shioe Obieenives
= = =z 3= <2 i ==
= E s E s &G A3 —
TECHNOLOCY ALTERNATIVES it - -
Corerut Au Conditrorune 1CAO
Asr Conaspancr Creune Cormol e (! (@] il e 1
Coolire Ouat Inmatacon 11 L 1l !
Laad Mainacrownt Te aromosas e [+ ] [ O [ !
Coorrg
Encrermtrhacnt Cooking Appumes | [ l { i L e | Loj L 1
Oo onemrx Hot Water
Encrry£ificient Clott e Wxben &k Disdwasaess | Ld [ I
Solar Dotornc Witz Haang [e] o] @ O |1 !
Witz Hater Blanke & Pipe Uoalroon - 11 !
¥ rter Borting Cycline Congol [] § ] L@
Wit Herang - Low Flow Fumars O I O I $ 1 I
f reezrs
Encrgy-Eficient Froeess { |1 i 1L e 109 1 |
Hemng
Accrr Solar Soace Hamang O 1 [@) [ d I [ |
Addon Hex Pams e I O [ 9 114 ‘
Ast Sowrry zowet Hamt Yo | L 4 [ B 1
Ceiling lruelicon - Aaxding | P [N] |
Ceramuc Het Stoncx Ll o L ' I
DcuS-Fuel Heating 3 rrcos [ ] Q LJ ' 1
floer Lmolition - Hesrng 1 d [N 1
Croxne{sspled Hext Fucno [ L] e | H
L manarrmeroo wee ricx Puoie | | fd o | .
Pausmre Solar Danen 11 O | - [ '
Room rhext Pamp i Ld o |
Slhib Hamung for New Conxcrecoon | 1] e © . |
Srorm inrujacon - Hoane l }t «® [ i
Task Hafing & Zonce Psuanc: naone 1 I o . |- !
Will Irembrtiun - Horang { I - 1
Weardkaxmoping &k Cialking | I [ d I !
Window Treaarxno - maanc i 11 | & [ '
Ugsang
Asmoooc Controls , J | _ & Q | !
Cormact flooroeont Lichdng 1 ® [t I
Darlichang with Skylichts i [ ] |t 3
Secerity Ughting -1 : Q 11 !
Pools
Room At Condigsoning (RAQ . .
© High-EHicdency Rooo ar Condigoncr 1 | J | | [e [ | - |
Schrictron
Encrry-Eificient Rem e [ 11 1 j[ e [ o -
- © Stroncr Asolicable O Condidonallt Apoliabdic 1blank) = Rarely AppLicable

;fa}:;le 1';'i
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Demand-Side Technoiogies

Technologv Matnices

R

Technology Matrices

The technology matrices proviaed in thus secuon score eacn
technology on a scale or 0 to 3 for eacn critennon. This informaton
iS used 1n che Situabon Analvsis ror prescreerung vour DSM
optons

Crteria

[n the Situahon Analvsis vou first need to select your load shaps
objectives. Next vou wiil further screen DSM measures bv another
set of ariteria. In the RPG workbooks. the citeria on the technology
matrices are rererred to as second-ter criceria.” Second-tier cnten=
nciude:

*  costs,

* market potential.

* customer preferences.

* environmental lmpact,

* ease of implementation.

* comunerdal avaiiabilitv. and

* other criceria.

zach criterion is discussad oelow.

Costs

The relative cost of the program is a.verv important criterion. Costs
include start-up, marketing, deveiopment. and equipment costs.
For example, if the technoiogy receives a ravorable score for cost (a
lower cost), it means that the technology generallv wiil cost less to
‘mpiement than technologies with lower scores for cost.

Market Potential .

i

You can screen technoiogies that achieve the load shape objective:
pased on their total expecred Deak load or energy impact. but vou -
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Demand-Side Technoiogies . Technoiogv.Matrices .

must review target markets and ena-use to identifv those
technologies with the greatest potential impact.

Target Markets' If a cistomer dassification does not contribute
mgnmcanclv to svstem load or systern peak. then the technologies
targeted for this group mav not achieve the ioad shape objecave as
effecavelv as tecrmologles aimed at other groups Supp05° for
example, that your utihty wishes to undertake peak clipping
tedm01oc‘,e< Suppose also that its agncultural sector represens -
percent of its peak loaa whule its re51d°nt1cl sector contmbutes 80
percent to peak. Under these circumstances. peak clipping
technologies targeting residential customers would be more
effechve than those targeting the agricultural sector

End-Uses: Your DSM planning should focus on the end-use(s) that
represent the greatest potentdal savings. To do thus, vou need to
rank ena-uses based on their relative conmbubon to the uthtv's
annual energy usage and peak demand. If this informaton is not
available, make general assumptions about the end-use percentages
for your customer classes. Base your assump@oOns on customer
contact experience and the general characterisics of your service
territory. In either case though, with limited pianning resources,
you should eliminate end-uses that contribute less than 5 or 10
percent of the company’s annual energy usage or beak demand.

Customerx Preferences

Energy savings that result from a spedific measure are affected by
customer preferences. Factors that affect a customer’s acceptance of
a technology mav include: '

- the customer’s (actual or perceived) willingness to use
the measure,

+ the change in the customer’s comfort levels. and

+ the cost effeciiveness of tne measure. .

If customers are opposed to implementing a pardcular technoiogy,
vou can either eliminate the technology from further consideranon
or perhaps consider it along with an’educational campaign
"designed to overcome customer resistance. For-example, for the
water heater cyciing technology, customers may not recognize that
water neaters cvcle under normal circumstances anyway and that
the insuiated tanks allow for the use -of hot water even when the
tank 1s off; cvcling water.heaters ddes not nécessarilv imply that the
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Demand-Side Technologies . . . Technoloev Matrices

Custorner wiil no longer have hot water during peak load periods.
[f the cvcling lasts for reiaiveiv short periods and the usage is
feasonablv small. the program iwill have no impact on the-
customer. informabon about the technology coupled with program
details will help reduce these concerns and misconceptons. If
custormer prererences are strong, however, 1t may be difficult to
change these sentments. In either case, you must recogruze the
‘mportance of customer preferences when considering various
DSM technologies.

Environmental Impacts

There are several environmental advantages to impiementing DSM
technologies. First, DSM measures can postpone or elumunzate the
need for more expensive supply-side resources that mav poliute the
aanospiere or create solid waste products. Second, DSM mezsures
can eliminate certain transmission and distributon (T&D) costs and
losses, thus prolonging the life of the current T&D system

Along with these desirable attributes, though, you must recogruze
several environmental concerns before 1mplem nn_ng a DSZ\/
technology. First, internal air quality is an important issue for both
residential ouildings and commerdal buildings. Although, the
Environmen:zl Protection Agency (EPA) has estctl'.snea guidelines
for residential buildings, su:mlar guidelines do not exist for
comunercial ouildings. For some bmld.mgs such as schools, radon
levels can be an issue. DSM programs must address the radon
issue and recognize that measures which make this problem worse. .
In addidon. the measures must be combined in a way that allow for
humidity and moisture conirol within the building.

Second, hazardous waste disposal mav be an issue for ballas:
replacement and for refrigerator compressors. Polvchionnated
biphenyvl (PCB) disposal becomes an issue for hght:mg programs
that include ballast replacements. Ballast disposal will occur with
or without a _1ghtmg program, but the program will accelerate the
need for disposal. Strict federal reguiations govern the removal
ana dlsposal of PCB materials, and all pardes must comply.
Sn:mlarlv for refrigeration, the installation of energy-efficient
compressors viil expedite the need for disposal of existing
COMpressors conta.u'ung chlorofluorocarbons (CFCs).

Third, depending on; the particular resource mix of the utlitv, Joad -
shifting, valley nlhng, or strategic load growth ¢an pDroduce an =
increase in suifur dioxide and nitrogen oxide emissiéns. For load

bl
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Demand-Side Technologies. . Technology.Matrices

shifting technoiogies, the operanon of relatively high fuel cost
peaking units would be reduced because ofi-peak loads have
incareased. Thus. more base loaded umts would be used, whuch
mav result \n poorer air quahtv and contibute to aad rain
Although vallev filhng does not avoid high fuel cost peaking
generation, air pollution and acid rawn can result if the ofi-peak
resources errut suifur dioxide and rugogen oxides

Strategic load growth s the largest potenteal congibuter to aif
polution and aad rain If the addizonal load growth occurs with
resources other than nuclear, exussion levels will increase. If the
additonal load is met wath nuclear power, vou must address the
duasposal of radioachve waste.

Hazardous waste and air pollunon are assoaated with certain DSM
technologies  You must assess whether you are willing to
undertake the responsibihities and cosis of the environmenial
unpacts. If the burden is too cosdy, you should ebimunate those
technologies from the screening process.

Ease of Implementation

If a DSM program is to achieve maximum potental for the least
cost, it is 1mportant to consider ease of implementation
Commercial Lighting pregrams, residental appliance efficiency
programs, home energy audits, and air conditioning cycling are all

relatively easv to implement and have a proven track record in the
udlity industrv. Programs such as heat or cool storage and passive
solar designs are more difficult to implement because thev require
major design changes in the buiiding structure or in the HVAC
(heating, ventdlaton, and air condiboning) system.

Commercial Availability

To be successful, the DSM technology must be reliable and
comumnerdiallv available. Many compact fluorescent programs, for
example, have been hampered bv the lack of available supplies, and
utilibes have become their own distributors to overcome this
problem. Thermal storage systems sometimes have difficuitv being
accepted because there are too few trained maintenance personnel
in manv areas. Before proéeedjng with a program, you should
check with local vendors, builders. and other utilities to determine
the reliabilitv and availability of thelfequzpment.

e
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-

Other Criteriza’

In addation, there afe other critenia that vou mav thunk are
applicable to vour siruaton. Below are examples of other cnitena
you may want o consider. Although reference values zre not
provided for these cnena, vou could develop your own data and
mnciude thern 1n vour anajvsis.

’racticality’ The technology must be practcaily applicable for a
consumer’'s home or facilitv. For example, slab heaong is not
pracacal for exisdng buildings where the foundaton has alreaayv
peen poured.

impact Measurability: The technology's energy/demand savings
must be measurable or quanifiable over time. )

Legisiative Compliance: Technoiogies must compiy with federal,
state and local laws. reguladons, codes, and standards.

Time Period Impact Various technologies will exhibit significant
impact during one time period and negligible impacts during
another. For exampie, a utlity with a needle peak for winter
system demand and level demand during the summer would
screen "surruner peak” DSM technologies and focus on "winter
peak" DSM tschnologies.

Verifiable Savings: In order to accuratelv compare DSM measures
with supply-side optons, impacts of demand-sice measures must
be verifiable. Programs with impacts that can be easily measured
and verified mav be more attractive than those with impacis that

are difficuit to assess.

"Lost Opportunity”" Minimization: Lost opportunity nere re:ers to
cases in which a more efficient technology is not installed dunng
constructon or retrofit, most commonly due to the high installed
cost of the measure reiative to a less effident measure. Over the life
of service, installing a more efficient technology may be more
attractive, but once the less efficient technology is installed. the
efficiencv opportunity may be lost.

Useful Life: - Measures which have good persistence (i.e. those that
last 10-or more vears)-are more attracdve than those that have

relatively short Lives. ..

i
Mo

[

" Source: NEOS Corporadon
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Ensured Utilization: Measures that can pe impiemented in 2
manner whuch ensures clacement and utithzaaon by the customer
are preferred over those that do not have thus charactensac. For
example, direct utihity control 1s prererred over tmer-based
conizols. ‘

Operation and Maintenance. Efficent eawpment which will not
:NCrezse operation anc marntenance cosis 1s preferrea  For
example, an energy management system mayv require addiaonal
tralning and assoaated cests.

Criteria Scale

cach technology 1s scorad on a scale of 0 to 3 for each citenion.
These are qualitzave scores that can easily be modified if more
accurate informzton is zvallable. Each or these values is daescribed
as follows:

3: Indicates a technology that almost always has very positve
attributes within a spedific category, seldom with any barmers
that would limit reason for implementaton. For example, in
the environmentai category, a 3 represents a measure that
saves a considerable quandtty of energy and will consequently
nNave a positave impact in redudng environmental emissions.

N

Indicates a technology that will usually be viewed positively
within a specific category, but mav have a few barriers to
implementaton. The technology would be recommended for
implementation unless other <categories have low
presceening values.

1 Indicates a technolegy with manv barriers to implementaton
In the specific category, and vhich would oniv be
recomunended for implementation if other categories justfv it
with higher values.

C: Indicates a technology with serious barriers to
implementaton within that categorv. Therefore, it would not
usually be recommended for implementation from that
perspective. A value of zero mayv indicate a technology that is
too..costlv, is .undesirable to customers, and/or has
considerable problems from an environmental perspectve.
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Residential Sector Technology Matrix

3 : _x
< = =N
s ¢ < - S s ==
§¢ gz ¥ZI w: £Z32 _
& ¢ :E :iE oz: B3I g
TECHNOLOCY ALTERNATIVES v Ve = = 2= G&E U<e 2
Ceozal Ax Conathoning (CAQ)
Au Coodiaoner Cycling Control 1 2 2 3 2 3 13
Ceoling Duct Insulabon 2 3 3 3 2 3 16
Load Manzgement Thamosats 3 2 3 2 2 3 | i35
Cookmng
Enecrgy-EFaent Cooking Appliances (3 ) 03] 27 [ [27] [18
YO e stie Ho Mater
| Energy ZHhacent Clothes Washers & Dishwashers | 3 2 3 2 3 1 [ 21 [ 13
i Solar Demeshe Wates Heating 1 1 3 1 2 z 10
Y/ater mater Blanket & Pipe Insuizthion 3 3 3 3 3 3 ié
Water Heating Cycing Control 1 2 2 3 2 3 13
Water Heanng - Low Flow Fixtures 3 3 3 2 3 3 17
Freezers
Encrgy-Efficient Freszers IE {3 {3 | LZ ] 13 | L s | L7
Heatdng
Active Solar Space Heating 1 1 3 0 1 1 7
Add-on Heat Pump 1 2 2 2 2 3 12
Au Source Cenmal Heat Pump 1 3 3 3 2 3 13
Ceuling insulation - Heating 2 3 3 3 2 3 16
Ceramus Hezzibtersge 1 2 i Z 2 i 9
Dual-Fuel Heating Systems 1 2 2 2 2 3 12
Floor insulation - Heating 2 3 3 3 2 3 16
Ground-Coupled Heat Pump 1 2 3 2 2 2 12
Groundwater-Source Heat Pump 1 2 3 2 2 2 12
Passive Solar Design 1 1 3 0 1 2 8
Room Heat Pump 1 2 3 2 2 2 12
Slab Haring for New Construction 1 1 3 1 1 1 3
Storm insulation - Heating 2 3 3 3 2 3 15
Task Heating & Zoned Resismance Heating 1 2 3 2 2 3 13
Wall losulation - Heating 2 3 3 3 2 3 16
WeathesTipping & Caulking 3 3 3 -3 3 - 3 18
Window Treatments - Heating 3 3 3 3 2 3 17
Lighting
Automadc Controls 1 2 3 2 3 3 1¢
Compaa Fluorescent Lighting 3 2 3 3 3 3 i7
Daylighring with Skylights 2 2 3 0 1 2 10
Security Lighting 2 2 3 2 3 2 1
Pools
- Swimming Pool Pump Control L 1 2] G131 &3 [T 37 [z
Room Aur Coaditioning RACQ) -
High-Efficiency Room Air Conditioner E (571 = 277 [ [Os
Refrizerators
Energy-tfficient Refrigerator [57] [377 2 | 31 3] Iz

: Table 1-5
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Customer End-Use Informadon End-Use Percentages

End-Use Percentages

The tables described in this section contain reference end-use
values for the residental. comumerciai, and industmal customer
classes Thev are used in the demand-side sa@eerung anajvsis to
calculate energy and demana techrucal potentals

Residential Tables

The residental reference values presented in this section are used
for calculadng end-use sales (kWhs) and end-use demands (kW).
The residental tables include:

« UECs (also on the individual technology briefs)

+ End-Use Saturatons

+ Contribudon to Annual! Peak

+ Contribution to Summer Peak

+ Contribution to Winter Peak
Tables 4-4 and 4-5 and the foliowing formulia can be used
calcudate annual sales for each end-use:

End - Use Sales (kWh) = UEC (¥Wh) x Saturation x Number of Customers

Example If you have 20,000 residental customers, your calculation for
central air condiioning wouid look like this:

1,200 KWhx. 15 x 20,000 = 35,600,000 kWh

After you have calculated the sales for each end-use, you should
add them together and compare the total value to your actual
residential saies. As.these two values are never the same, you can
adjust each end-use sales value by multiplying by the rato of your
actual sales to calculated sales as shown' below.

Actual Total Sales (kWh)

p Ead-U Sal Whi
Calculated Total'Szles (kWh) x En se Sales (kWh

Adjusted End - Usa Sales (KWh) =

[
TR
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Customer Enid-Use Information

End-Use Percentages

Nesidential End-Use Sales

UEC (kWh)
END-USt Reference Values (kW¥Wh)
North South
[Len:mi Aar Condigonire ] 1.200 } 2,360
’Lool—:uw | 60 l 600
Domesac Hot Water 4,000 3800
Freezers - Frost Free 1.100 1,100
Freezers - Manuzl Defrost 700 700
Heztine 12.000 7,900
Heat Pummp 8.000 5.290
Lizhtng 700 700
Refngerzzors - Frost Fres 1.300 1300
Refngerators - Manual Defrost 800 800
Room Air Conditioning 600 1.200
Swimming Pools 720 1,440
Miscellaneous l 1.500 1.500
Table 44
Residential End-Use Sales
Sakurations
END-USE Saturations
Notth (%) South (%)
Centzal Air Condidoning 15 55
Cooking 67 67
Domestic Hot Water 20 20
Freezers - Frost Free 20 20
Freezers - Manual Defrosz 29 20
Heating 1S- 10
Hezt Pumpo 3 S
Lighting 109 100
Refrigerators - Frost Free - 93 93
Refrigerators - Manual Defrost 25 25
Room Air Conditioning - 35 35
Swimming Pools- 2 4
Miscellaneous 100 100

Table.d-5
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Customer End-Use Information

End-Use Percentages

Residential End-Use Demand
Contrmibuton to Summer Peak

) END-USE Reference Values (kW)
North Scuth
Cenal Air Condiionine : I 2.00 | 2.90
Cooking 030 | 0.30
Domestic Hot Water 025 0.25
Freezers - Frost Free 0.19 0.19
Freezers - Manual Defrost 0.12 0.12
Heatbng 000 0.00
Heat Pump 000 0.0
Lighdng 0.04 0.04
Refrigerators - Frost Free 022 0.22
Refricerators - Manual Defrost 0.1¢ 0.14
Room Air Conditoning 080 | 0.80
Swimming Pools 0.72 ' 0.72
Miscellanegus 0.40 | 0.40
Table 4-7
Residential End-Use Demand
Contribution té Winter Peak
END-USE Reference Values (kW)
North South

Central Air Conditioning. 000l om0
Cooking 0.45 | 0.45
Domestic Hot Water | 0.50 | 0.45
Freezers - Frost Free | 0.16 | 0.1¢
Freezers - *{anual Defrost 0.10 | 0.10
Heating 4.80 4.00
Heat Pump 280 230
Lichtine 039 | 0.30
. Refrigerators - Frost Free 0.17 0.17
Refrigerators - Manual Defrost 0.11 0.11
Room Air Conditioning 0.0 0.co
wimming Pools ] 0.00 | 0.00
Miscellaneous 0.60 | 0.60

Tai:le .4-8
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Weather Data

The first tabie in thus appendix contains annuai heaang and cooling
degree davs tor the mazjor ciaes :n the Western Area Power
Acmurustraaon s and Southwestern Power ACGIUNUSTaBON's service
areas Heaang and cooling degree davs (HDD/CDD) are requurea
for the development of current prohle data, energy ururt
consumbtons for certain weather-sensiive anpliances in the DSM
analvsis. and for the development of 2 load forecast. You may use
the values 1n the tables or calculate vour own HDD/CDD by
folowing the steps below:

)—

Calculate the average temperarure for each day of the
vear bv using this formula:

High for the dav + Low for the day
2

Average Temperature =

2. If the average temperature is greater than 85°F, then
subtract 65 from it to calculate the number of cooling
degree days.

if the average itemperature is less than 65°

F )
subtract it from 65 to calculate the number of heating
degree days.

()

4. Add together ali of the cooling degree dayvs to calculate
total annual cooling degree davs. Do the same for the
neating degree days.

Following the heating and cooiing degree cavs is 2 table from
ASHRAE's 1980 Systems Handpook containing the average winter
temperatures and average monthly and vearly degree days for the
major dides in the United States and Canada.

Additonal weather data can be obtained by contactng the Natonal
Climatic Center. Federai Buiiding, Ashville, North Carolina 28801.

YR}
et
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ADpenaix A _ Weather Data

REFERENCE WEATHER DATA

tate City Heating Degree Days Cociing Degree Davs
ARIZONA !
; Proenix : 1.382 5,647 i
Prescott 4,462 395 |
Tucson 1,601 2,789
Winslow £603 1,141
Yuma 782 4,186
ARKANSAS
Fort Srruth 3394 2,077
Licde Rock 3.091 2.035
CALIFORNILA
Arcata 5.020 1
Bakerstield 3,194 2,294
China Lake 1,444 2,782
Daggett 1.916 2,720
El Toro 1577 834
Fresno 2700 1,803
Long Beach 1,483 0
Les Angeles 1,494 472
vMount Shastz 5,583 335
Cakland 2,922 52
Point Mugu 2,193 i¢5
Red Bluff 2,884 1,230
Sacamento 2,753 1,171
San Diego 1275 &2
San Franaisco 3238 73 .
Santa Mana 5,041 Q2 ‘
Sunnvvale 2,708 204 i
l
COLORADO |
Colorado Springs 5.996 <51 !
Denver 6.038 357
Eagle 3317 90
GCrand junction 5.7G61 1,221 j
Pueblo 53,285 571
IDAHO '
Boise 5,667 744
Lewiston 5,426 645
Pocatello 7.075 326

F P °
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Demand-Side Technologies S Residential

Class::Residental-. -
ERd:USe:: DHW - 70 L
Technelogy: Water Héatng - Lov Flow Fixtures:

?. Contibunon © Peak l - Factors | Savines rracbon
UEC | Sumumer i Winter | Appliance| Market i ISumrner Winter
Region |[xWh/vr kW l kw Saturadon| Eligibility | Feasibu:tv | Energy | Demand|Demandg
Norih-Single | 4,000 025 | 050 | 020 1.00 095 + 022 | 022 .22
North-Mule | 2800 | 0175 | 035 | 0.15 1.00 95 | 02 | 022 0.22
South-Sinele | 3,800 025 | 045 | 020 1.00 09S 1+ 022 | 022 0.22
South-Mulu | 2,666 | 0175 | 0315 | 015 | 1.00 095 | 022 | 022 0.22

GENERAL DESCRIPTION

>w flow shower heads reduce hot water usage by 40 percent, from an average of 4 galions per munute
(gpm) to 2.4 gpm. Faucet 2erators reduce hot water consumption by 50 percent, from 3 gpm to 1.5 gpm.

APPLIANCE SATURATION

This measure applies to households with electric water heating.

MARKET ELIGIBILITY

or this technology, the difference in the average UEC before and after instaliation is equal to the energy
ivings. As more and more households instll this measuse, the average savings approaches zero.
iherefore it is not necessary to adjust for market eligibility - it is always set to 100 percent.

FEASIBILITY

Older plumbping fixtures mav not be compatible with low-tflow fixtures. A feasibuity of 95 percent s ;
assumed. |

SAVINGS FRACTION

Shower and sink faucets in a tvpical home use an estimated 70 percent of the hot water, wath shower use
three times greater than sink use. The percentage reduction is 22 percent of energy and demand.

COST, PAYBACK, AND MEASURE LIFE

A low flow showerhead costs 512, pays for itself in six months, and lasts 10 vears (Measure Life = 10).
Four sink aerarors cost 55, pay for themselves in less than one vear, and last 3 vears. As partofa home
energy audit. the combined cost of these measures is approximately $35.

< . Y
- . . P . . - s "

REFERENCE LOAD SHAPE (See next page.).
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Customer End-Use Information

Energy Period Factors

Energy Period Factors .
Energy period factors are used in the DSM analysis to divide the
energy technica! potenaal into the appropriate rate periods. It is
only necessarv to divide the energy into the number of periods
that have different energy rates. For instance, if your uility
charges the same rate throughouc the year, then there is no need
to divide the energy into different periods. If you have different
rates for summer and wvinter ordy, then divide the energy
petentiai into those two periods. You may use the reference data
tables below or your own judgment to determine summer on-
peak, summer off-peak, winter on-peak, and winter off-peak
percentages corresponding to the technology's end-use and

building typa.

Table 4-1 lists the energy period factors by each of the residental
end-use categories. The energy period factors must always sum
to 100 percent.

Residential Energy Period Factors

RY PN

’

Summer Summer Winter YWinter
On-Peak : Off-Peak | Cn-Feak | .OFff-Peak
End-Use Category (%) (%) (%) (%)

Central Air Conditioning 32.0 58.0 2.0 1.0
Cooking 12.0 21.0 310 36.0
Oomestic Hot Water 120 21.0 31.0 36.0
Freezers - Frost Free 32.0 210 31.0 36.0
Freezers - Manual Defrost 120 21.0 31.0 36.0
Heating 0.0 0.0 6.0 54.0
Heat Pump 0.0 00 46.0 540
Light‘ing 10.0 8.0 57.0 250
Regrigerators - Frost Free 120 220 30.0 36.0
Refrigerators - Manual Defrost 120 22.0 30.0 36.0
Room Aiir Conditioning 410 .59.0 0.0 0.0
Swimming Pools 39.0 61.0 0.0 0.0
Miscellaneous 12.0] 21.0 31.0 36.0
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U.S.-%OPFA SI.ECTRIC POWER GENERATION SEMINAR MISSION

Attendant uList for Utility Management,

Strategic Planing &

Joint Marketing of Power Industry in Third Countries

October 24-25,

1994

Camellia Room, Hotel Inter-Continental, Seoul

Mr. Park, Hwa Young
Assistant Manager

Daelim Engineering Co., Ltd.
369-4367

786-0567

Mr. Chung, Ha Chang

Deputy Manager/Energy Project Team
Daelim Industrial Co., Ltd.

368-7868

368-6847

Mr. Park, Hwa-Kyu
Deputy General Manager
Daewoo Corporation
259-3716

259-3793

Mr. Lee, Joo Hong

Exec. Director, Mktg. Dept. 1/Overseas
Const.

Daewoo Corporation

259-3330

259-3329

Mr. Nam, Ju Hyon

Principal Engineer, Power & Energy Group
Daewoo Engineering Company

589-3040

589-3330

Mr. Choi, Tae Hwan

General Manager, Plant Marketing Dept.
Daewoo Shipbuilding & Heavy Machine
726-1862

757-6879

Mr. Yoon, Young-Ro
Director

Fluor Daniel Korea
501-8200
501-8440

Mr. Oh, Dong Gue
Manager/Overseas Dept.

Hala Engineering & construction Cor
405-8712

409-6211

Mr. Kim, Seon Hae

Manager/SOC Team

Hanjin Engineering & Construction
450-8535

454-3108

Mr. Kim, Bong Hee

Manager, Plant 2 Group Electric Dept.
Hyundai Engineering Co., Ltd.
410-8401

410-8416

Mr. Huh, Jung Jae

Manager

Hyundai Engineering Cao., Ltd.
410-8426

410-8424

Mr. Lee, Rim Taek

Senior Vice President, Plant 2 Group Power
Hyundai Engineering Co., Ltd.

410-8004

410-8415

Mr. Song, Hyung Dong

Director, Industrial Plant Division
Hyundai Heavy Industries Co., Ltd.
0522/30-2575

0522/32-0998

Mr. Roh, Chan Soo
Deputy General Manager
Hyundai Heavy Industry
0522/30-3302
0522/32-0998

Mr. Lee, Ji Suk

Manager/ Industrial Piant Dept.
Hyundai Housing & industrial Dev.
519-9671

519-9197

Mr. Bang, Sang Kiel

President/Group Planning&Management
Division

Ko Hap Ltd.

722-6361

736-2380




Mr. Yoon, Ick Hee

Secuon Chief/Plant Dept.
Kolon Construction Co., Ltd.
3450-7600

556-6985

Mr. Suh, Sung Won
Executive Vice President
Kolon Engineering, inc.
528-4600

528-4567

Mr. Lee, Gae Won

General Manager/ Energy & Resources Team
Kolon International Corporation

311-8630

311-83956

Mr. Hong, Chul Heui

Assistant Manager/G/T Combine Power Plant
Korea Air Line Co., Ltd.

726-6292

756-7929

Mr. Kim, Young Joong

Manager

Korea Association of Machinery Industry
369-7808

369-7838

Dr. Choi, Han Kwon

Manager, Int'l. Project Development Dept.
Korea Atomic Energy Research Instit
042/868-8274

042/862-1457

Mr. Lee, Kyo Sun

Executive Vice President

Korea Atomic Industrial Forum, inc.
785-2570

785-3975

Mr. Chang, Ho Hyun

Asst. Manager, Int’'l. Cooperation Dept.
Korea Atomic Industrial Forum, Inc.
785-2570

785-3975

Mr. Kwon, Soon Gab
Manager/Planning & Control Division
Korea District Heating Corporation
0342/701-2488

0342/701-4049
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Mr. Jae, Byoung Gyu

Section Chief, Project Development Division
Korea District Heating Corporation
0342/701-2488

0342/701-4049

Mr. Chang, Ha Gyoon

Manager, Technical Division
Korea District Heating Corporation
0342/701-2488

0342/701-4049

Mr. Choi, Myung Cho
Manager, Public Relations
Korea Electric Association
274-1663

277-5174

Mr. Kim, Chi Wan

Asst. Manager, Power Generation Dept.
Korea Electric Power Corporation
550-4726

550-4799

Mr. Kim, Yun Hee

Manager, Nuclear Power Construction Dept.
Korea Electric Power Corporation

550-6074

550-5799

Mr. Kang, Won Koo

Asst. Manager, Electricity Economic Cept.
Kaorea Electric Power Corporation
550-6222

550-6259

Mr. Lee, Han Jong

Asst. Manager, Overseas Business &
Cooperation

Korea Electric Power Corporation
550-3703

550-3789

Mr. Lee, Ki Woong

General Manager, Qverseas Business &
Cooperation

Korea Electric Power Corporation
550-3080

550-6869

Mr. Lee, Yoon Seop
General Manager
Korea Electric Power Corporation



550-6225
550-6259

Mr. Lee, Seok Bum

Manager

Korea Electric Power Corporation
550-6226

550-6259

Mr. Kim, Sung Tae

Deputy General Manager, Power Planning
Dept.

Korea Electric Power Corporation
550-3703

550-3789

Mr Lee, Hyo Sang

Asst, Manager, System Power Control Dept.
Korea Electric Power Corporation

550-4814

550-4899

Mr. Oh, Sae Il

Asst. Manager, Electricity Economics Dept.
Korea Electric Power Corporation
550-6233

550-6259

Mr. Yang, Chang Ho

Manager

Korea Electric Power Corporation
550-6794

569-3193

Mr. Lee, Ki Yoon

Manager, Power Planning Dept.
Korea Electric Power Corporation
550-3790

550-3789

Mr. Kim, Moon Duk

Manager, Electricity Economics Dept.
Korea Electric Power Corporation
550-6220

550-6259

Mr. Chae, Song Seok

Manager

Korea Electric Power Corporation
550-6794

569-3193
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Mr. Chun, Seok Joo

General Manager

Korea Eiectric Power Corporation
550-6794

569-3193

Mr. Kim, Sung Hak

Manager, System Power Control Dept.
Korea Electric Power Corporation
550-4807

550-4839

Mr. Kim, Jong Dal
Research Fellow/ Energy Conservation Policy
Resear

Korea Energy Economics institute
0343-20-2242
0343-20-2120

Mr. Jeong, Kun
Manager

Korea Energy Forum
782-6465
783-0640

Mr. Kang, Seung Hoon

General Manager, Combined Cycle Power
Plant Eng.

Korea Heavy Industries & Constructi
0551/69-8580

0551/69-5851

Mr. Yang, Joong Gil

Director, ENgineering & Technology Division
KKorea Heavy Industries & Constructi
0551/69-9401

0551/69-5873

Mr. Lim, Byoung Chan

Deputy General Manager, Overseas Power
Plang Mktg.

Korea Heavy Industries & Construction
513-6321

513-6080

Mr. Chni, Bong Ki

Director, Overseas Power Plant Marketing
Korea Heavy Industries & Construction
513-6321

513-6080
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Mr. Lee, Jung Hee
Managing Director, Business Development &
Contract

Korea Power Engineering Company, Inc.
510-5060
540-4184

Mr. Cheon, Kwang Soon

Manager, Business Development Dept.
Korea Power Engineering Company, Inc.
510-5131

540-4184

Mr. Kim, Chul Soo

Principal Engineer, Mechanical Engineering
Dept.

Korea Power Engineering Company, Inc.
540-7701

540-4184

iAc Chang, Ji Heub

Supervisory Engineer, Instrument & Control
Eng.

Korea Power Engineering Company, Inc.
510-5509

540-4184

Mr. Kim, Boung Chul

Supervisory Engineer, Instrumentation &
Control

Korea Power Engineering Company, inc.
531-3141

540-4184

Mr. Suh, Uy Suk

Principal Engineer, Hydro & Fossil Project
Korea Power Engineering Company, Inc.
531-3032

540-4184

Mr. Park, Man Saeng

Manager, Business Development Dept.
Korea Power Engineering Company, Inc.
510-50686

540-4184

Mr. Cho, Young Joon

General Manager, Business Development
Dept.

Korea Power Plant Service Co., Ltd.
511-3277

547-4298
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Mr. Kim, Doo Jin

Senior Managing Director

Koryo Petrochemical Corporation
733-1122

731-2380

Mr. Hyun, Kee Jin

Manager

Ministry of Trade, Industry and Energy
500-2791

504-5001

Mr. Lee, Seung Woo

Deputy General Manager/Energy Project Team
Pohang Iron & Steel Co., Ltd.

399-5991

399-5387

Mr. Park, Yong Guli

Deputy Manager/Energy Project Team
Pohang lron & Steel Co., Ltd.
399-6024

399-5387

Mr. Lee, Young Bok
Managing Director
Samchully Co., Ltd.
368-3300
783-1206

Mr. Lee, Yong Ik

General Manager, Information & Comm.
Seil Data Communication Co., Ltd.
787-8670

780-3274

Mr. Kim, Jang Soo
General Manager
SsangYong Construction
514-7311

540-5986

Mr. Kim, Chut Joo

General Manager

SsangYong Construction Co., Ltd.
517-7311

540-5986

Mr. Cho, Jae Soco
Executive Director

Sun Kyong Construction
723-7382

736-7040



Mr. Sohn, Sang Yul

Manager/Energy Business Dept.
Sunkyong Engineering & Construction
738-2222

736-7040

Mr. Ko, Suk Moon
Executive Vice President
Sunkyung

738-5332

736-7040

Mr. Lee, Sang Eop

Manager/Utility Division

Ulsan Fetrochemical Service Corp.
0522/70-5500

0522/71-4993

Mr. Seong, Scon Chang

Manager/Gas Business Planning Team
Yukong Limited

788-5865

788-7001

Mr. Jung, Yoo Hyung

Manager/ Electric Power Project Team
Yukong Limited

788-5241

788-7001
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U.S./KOREA ELECTRIC POWER TECHNOLOGIES MEETING
October 24-27, 1994

U.S. PARTICIPANTS LIST

Dr. Yongkie Ahn

Manager, Advanced Engineering International
Gilbert/Commonwealth International, Inc.

P.O. Box 1498 Route 10 & Pheasant Road
Reading, PA 19603 Reading, PA 19607

Tel: (610) 775-2600 x7329

Fax: (610) 775-9736

Robert C. Alder

Vice President, Engineering Services
Gilbert/Commonwealth, Inc.

P.O. Box 1498

Reading, PA 19603

Tel: (610) 775-2600 x7057

Fax: (610) 856-5398

Steve W. Atkinson

Vice President, Utilities Industry Practice
EDS Management Consulting Services
2714 REW Circle

Ocoee, FL 34761

Tel: (407) 656-4899

Fax: (407) 656-4926

Darrell D. Aulds

Director, International Power Projects Marketing
Department Power Generation Projects Division
Westinghouse Electric Corporation

4400 Alafaya Trail

MC550

Orlando, FL. 32826-2399

Tel: (407) 281-5650

Fax: (407) 281-2116

Dr. Ajoy K. Banerjee

Vice President

Stone & Webster International
245 Summer Street

Boston, MA 02210

Tel: (617) 589-1298

Fax: (617) 589-5892
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C. Roger Barklund
Engineering Specilist
EG&G Idaho

2525 Fremont Avenue

Idaho Falls, ID 83415-3790
Tel: (208) 526-8966

Fax: (208) 526-2818

Robert J. Batyko

General Manager, Environmental Equipment Division
Babcock & Wilcox

20 S. Van Buren Avenue

Barberton, OH 44203-0351

Tel: (216) 860-1654

Fax:.(216) 860-2045

Ronald D. Brown

Director, Planning & Engineering Division
East Kentucky Power Cooperative

4758 Lexington Road

P.O. Box 707

Winchester, KY 40392-0707

Tel: (606) 744-4812

Fax: (606) 744-6008

Byeong Choi

Allied Signal Amorphous Metals
6 Eastmans Road

Parsippany, NJ 07054

Tel: (201) 581-7724

Fax: (201) 581-7710

Sun W. Chun

Director

Pittsburgh Energy Technology Center
U.S. Department of Energy

P.O. Box 10940

Pittsburgh, PA 15236

Tel: (412) 892-6122

Fax: (412) 892-6127

Mark W. Crump
Project Manager Technology Transfer & Training
Abb-Combustion Engineering
1000 Prospect Hill Road
Windsor, CT 06095-0500
Tel: (203) 285-4537
Fax: (203) 285-5179
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Terrence M. Devaney
Principal Consultant
ECC, Inc.

1530 The Alameda
Suite 300

San Jose, CA 95126
Tel: (408) 280-5494
Fax: (408) 280-0276

Robert Donaldson

Vice President - Marketing and Sales

Imaging and Sensing Technology Corporatlon
300 Westinghouse Circle

Horscheads, NY 14845

Tel: (607) 796-4355

Fax: (607) 796-4599

John J. Easton, Jr.

Senior International Advisor
Edison Electric Institute

701 Pennsylvania Ave., NW
Washington, DC 20004-2695
Tel: (202) 508-5633

Fax: (202) 508-5360

Dr. Richard E. Feigel
Assistant Vice President
Hartford Steam Boiler
One State Street
Hartford, CT 06102
Tel: (203) 722-5652
Fax: (203) 722-5530

Sterling M. Franks

Acting Director

Advance Light Water Reactors Division
U.S. Department of Energy
Washington, DC 20585

Tel: (301) 903-3456

Fax: (301) 903-7020

Thomas F. Garrity

General Manager-Power Systems Engineering Department
General Electric Company

1 River Road, Bldg. 2, Rm. 600

Schnectady, NY 12345

Tel: (518) 385-5153

Fax: (518) 385-2490
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Jessie Harris

Deputy Assistant Secretary

U.S. Department of Energy

Office of Science and Technology, PO-8
1000 Independence Ave., S.W.
Washington, DC 20585

Tel: (202) 586-7180

Fax: (202) 586-3047

Bruce M. Hinton

Director, International Business Development
ABB CE Nuclear Operation

1000 Prospect Hill Road

CEP 9396-1922

Windsor, CT 06095

Tel: (203) 285-3106

Fax: (203) 285-9521

Donald R. Hoffiman

President

EXCEL Services Corporation
11921 Rockville Pike, Suite 100
Rockville, MD 20852

Tel: (301) 984-4400

Fax: (301) 984-7600

Amos E. Holt, Ph.D.

Vice President

Southwest Research Institute
6220 Calebra Road

San Antonio, TX 78238-5166
Tel: (210) 522-2076

Fax: (210) 684-4822

Howard Hurwitz

Manager, Emission Control
Burns & Roe Company
800 Kinderkamack Road
Oradell, NJ 07649

Tel: (201) 986-4300

Fax: (201) 986-4397
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Bruce T. Imsdahl

Vice President, Energy Supply
Montana-Dakota Utilities Co.
400 North Fourth Street
Bismarck, ND 59501

Tel: (701) 222-7651

Fax: (701) 222-7606

Kenneth F. Janecek

FGD Market Manager
EIMCO Process Equipment
Box 300

Salt Lake City, UT 84110
Tel; (801) 526-2068

Fax: (801) 526-2005

Michael H. Kappaz

Chairman and CEO

K&M Engineering and Consulting Corporation
2001 L Street, NW #500

Washington, DC 20036

Tel: (202) 728-0390

Fax: (202) 872-9174

J.Y. Kim

EIMCO Process Equipment
Box 300

Salt Lake City, UT 84110
Tel: (801) 526-2068

Fax: (801) 526-2005

Denise Knight

Sales Account Manager
AlliedSignal Amorphous Metals
6 Eastman Road

Parsippany, NJ 07054

Tel: (201) 581-7724

Fax: (201) 581-7710

Kenneth T. Kostal
President

Sargent & Lundy Asia
Century Square

Suite 1403

1-13 D A'guilar Street
Central, Hong Kong
Tel: 011-852-526-3180
Fax: 011-852-526-3655
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Susan Laczko

International Program Coordinator
Pittsburgh Energy Technology Center
U.S. Department of Energy

P.O. Box 10940, M.S. 920
Pittsburgh, PA 15236

Tel: (412) 892-6145

Fax: (412) 892-4775

Tung K. Lau

Office of International Energy Policy
U.S. Department of Energy

1000 Independence Ave., SW
Washington, DC 20585

Tel: (202) 586-9249

Fax: (202) 586-1180

Dr. Chong-Jin Lee

President

AlliedSignal Korea, Ltd.

Sambo Mutual Savings and Finance Bldg.
44-1, Bampo-dong, Seo Cho-Ku

Seoul 137-040 Korea

Tel: 822-595-2531

George Litman, I1I

Project Manager

U.S. Department of Energy
Office of Energy Exports, PO-83
1000 Independence Ave., SW
Washington, DC 20585

Tel: (202) 586-4344

Fax: (202) 586-0823

E. Jay Lobit

President

The PDC Group, Ltd.

10000 Santa Monica Blvd. Suite 450
Century City, CA 90067

Tel: (310) 284-7890

Fax: (310) 284-7830

Nancy Maceil

Senior Conference Coordinator

Science Applications International Corporation
P.O. Box 18288, MS 900-42

Pittsburgh, PA 15236

Tel: (412) 892-4766

Fax: (412) 892-4160
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Regis A. Matzie

Vice President, Nuclear Systems Engineering
ABB-Combustion Engineering

1000 Prospect Hill Road

Windsor, CT 06095-0500

Tel: (203) 285-5655

Fax: (203) 285-3676

Pramodh Nijhawan

Vice President Business Development, Far East
ABB Environmental Systems

1400 Centerpoint Blvd.

Knoxville, TN 37932

Tel: (615) 694-5308

Fax: (615) 694-5205

Chan Park

Director, International Operations
Halliburton NUS Corporation
910 Clopper Road

Gaithersburg, MD 20878

Tel: (301) 258-1725

Fax: (301) 258-8764

Tim Pelot

Marketing Manager

Imaging and Sensing Technology Corporation
300 Westinghouse Circle

Horscheads, NY 14845

Tel: (607) 796-4530

Fax: (607) 796-4482

Mark Polster

Proposal Manager, FGD Systems
Babcock & Wilcox Company

20 S. Van Buren Avenue
Barberton, OH 44203-0351

Tel: (216) 860-2269

Fax: (216) 860-2045

John R. Redding

Manager, Advanced BWR Marketing
GE Nuclear Energy

175 Curtner Avenue, M/C 384

San Jose, CA 95125

Tel: (408) 925-2978

Fax: (408) 925-1148
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Kee H. Rhee

Senior Scientist

Pittsburgh Energy Technology Center
U.S. Department of Energy

P.O. Box 10940

Pittsburgh, PA 15236

Tel: (412 892-5913

Fax: (412) 892-4152

Kevin C. Riordan

International Marketing Manager - Asia Pacific
Reliable Power Production

11411 Addison St.

Franklin Park, IL 60131

Tel: (708) 451-2841

Fax: (708) 455-0029

Mark Roth

International Programs - Office of Nuclear Energy
U.S. Department of Energy

Germantown, MD 20874

Tel: (301) 903-3070

Fax: (301) 903-4211

Jerry Sadlowski

SEPRIL Services (Hong Kong Office)
Century Square, Suite 1403

1-13 D'Augilar Street

Central, Hong Kong

Tel: 852-526-3581

Fax: 852-526-3655

Abdus Saleem

Sr. Vice President Technology

General Electric Environmental Services
200 N. 7th Street

Lebanon, PA 17046-5006

Tel: (717) 274-7171

Fax: (717) 274-7145

Edward P. Stewart
International Sales
Stewart & Stevenson
2707 North Loop West
Houston, TX 77008
Tel: (713) 868-7680
Fax: (713) 868-0205
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Fritz Sutor

Vice President

Expando Seal Tools, Inc.

123 Keystone Drive
Montgomeryville, PA 18936-9638
Tel: (215) 643-7044

Fax: (215) 641-9765

Colin S. Tam

Managing Director, CEA Asia
CEA, Asia

1200 E. Ridgewood Avenue
Ridgewood, NJ 07090

Tel: (201) 652-2772

Fax: (201) 652-2896

Kay Thompson

Deputy Director

U.S. Department of Energy
Office of Energy Exports, PO-83
1000 Independence Ave. SW
Washington, DC 20585

Tel: (202) 586-7997

Fax: (202) 536-0823

Douglas M. Todd

Manager, Combined Cycle Programs
General Electric

1 River Road, Bldg. 273-400
Schenectady, NY 12345

Tel: (518) 385-3791

Fax: (518) 385-5614

Don C. Vymazal
Manager, Contract and Government Administration

Pure Air

7540 Windsor Drive
Allentown, PA 18195
Tel: (610) 481-3687
Fax: (610) 481-2762

Mark A. Walter, P.E.

Product Manager

Wet Flue Gas Desulfurization
ABB Environmental Systems
31 Inverness Center Parkway
Birmingham, AL 35243

Tel: (205) 995-5354

Fax: (205) 995-5364
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W.H. Weidenbach, Jr.
President

Weidenbach & Associates, Inc.
Cain Tower, Suite 909

229 Peachtree St., NE

Atlanta, GA 30303

Tel: (404) 525-6663

Fax: (404) 535-6658

Greg West
International Sales
Stewart & Stevenson
2707 North Loop West
Houston, TX 77008
Tel: (713) 868-7882
Fax: (713) 868-0205

Y. Peter Wong

EIMCO Process Equipment
Box 300

Salt Lake City, UT 84110
Tel: (801) 526-2068

Fax: (801) 526-2005

Dr. Roe-Hoan Yoon

Professor

Virginia Polytechnic Institute and State University
146 Holden Hall

Center for Coal & Minerals Processing

Virginia Tech

Blacksburg, VA 24061-0258

Tel: (703) 231-7056

Fax: (703) 231-3948

Thomas A. Zemanek

West Coast Sales Manager
ENIDINE INCORPORATED
7 Centre Drive

Orchard Park, NY 14127
Tel: (716) 662-1900

Fax: (716) 662-1909
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List of Company Profiles

Korea Electric Power Corp. (KEPCO)

Korea Power Engineering Cornpany-, Inc. (KOPEC)

Korea Heavy Industries & Construction Co., Ltd. (HANJUNG)
Korea Power Plant Service Co., Ltd. (KPS)

Korea Nuclear Fuel Co., Ltd. (KNFC)

Seil Data Communications Co., Ltd. (SDC)

Korea Atomic Energy Research Institute (KAERI)

Korea Electric Association (KEA)

Korea Atomic Industrial Forum, Inc. (KAIF)

Korea Energy Economics Institute (KEEI)

The Korea Energy Management Corp. (KEMCO)

Korea Advanced Institute of Science and Technology (KAIST)

Korea District Heating Corp. (KDHC)
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Company Profile

Name of Company: Korea Electric Power Corporation (KEPCO)
Address: 167 Samsong-dong, Kangnamku, Seoul 135-791, Korea
Tel No.: (02) 550-3114 .

Fax No.: (02) 550-5981

President: Mr. Rieh, Chong Hun

KEPCO emerged from the three electric power companies (Korea
Electric, Seoul Electric and South Korea Electric Co.), which had

been merged and renamed as Korea Electric Company, Ltd. (KECO) in
1961.

KEPCO is a government owned enterprise devoted to implementing
development of electric power resources to meet the rapidly
increasing electricity demand. The company claims that their
management philosophy is to reach "a compromise between public
interest and enterpreneurship®.

KEPCO’s Principal Scope of Services

Stable Supply of Electric Power

Power Generation

Power Transmission, Transformation and Distribution
Sales

Enertopia the final goal

Manpower Training and Technology Development
Special Projects

Organizational structure of KEPCO consists of a central
coordinating office, four divisions for general management and
five divisions for operations. The four divisions include
Planning & Business Development, Engineering Technology
Development, Nuclear Projects, and Hydro & Fossil Projects.

KEPCO has affiliated companies and subsidized institutions as
well. 1In addition, the total number of employees is over 31,000.

With such endowments, KEPCO is focussing on the sound development
of national economy and enhancement of public life.
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Company Profile

Name of Company: Korea Power Engineering Company, Inc. (KOPEC)
Address: 87, Samseong-dong, Kangnam-ku, Seoul, Korea
Tel No.: (02) 540-7701

Fax No.: (02) 540-4184, 0016

President: Mr. Chang, Ki 0Ok

KOPEC was founded in 1975 and reorganized with Korea Electric
Power Corp. and Korea Atomic Energy Research Institute in 1982.

As a leading architect engineering company in Korea with a
workiorce of approximately 18,000 employees, KOPEC provides a
full range of architect, engineering, construction, maintenance
and consulting services for power plants, other energy-related
facilities and various other large public projects.

The company’s core businesses are architect engineering for
nazronal nuclear power plant construction, fossil & hydroelectric
cower projects, and related works, such as Yonggwang Nuclear
jnits 3 & 4, which was started in 1987, Ulchin Nuclear Units 3 &

projects in 1991, Samchonpo & Poryong Thermal Power Complex
rojects, and so on.

o

L3 I

KOPEC’s Principal Scope of Services

Feasibility Studies

Project Planning and Preliminary Engineering

Detailed Design Engineering

Project Management and Control Services

Quality Assurance/Control Services

Procurement Services and Supplier Quality Surveillance
Plant Betterment and Life Extension

Training Services for Engineers and Operators

Computer Application for System Engineering and Record
Management

Environmental Services

Electrical Works

Civil and Arxrchitectural Construction/Construction
Engineering Services

With regard to organization/human resources, KOPEC has four
divisions, namely Planning & Administration Div., Engineering &
Technology Div., Nuclear Projects Div., Hydro & Fossil Div., and
a research institute. Also since KOPEC regards human quality as
one of important factors to success in the market, the company
offers in-house continuing education program, scholarships for
graduate studies at local universities and intensive training
programs at domestic and overseas research institutes and
engineering firms.

Wwith highly skilled employees, its rich experiences and technical
competence in Korean power plant projects, KOPEC begins to focus
on overseas construction market through diversification of
engineering and construction services, expansion of business
sccpe and its role in the world market.
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Company Profile

Name of Company: Korea Heavy Industries & Construction Co., LTD.

(KHIC)
Address: 555, Guygok-dong, Changwon City, Kyongsangnam-do
641-792, Korea

Tel No.: (0551) 69-6114
Fax No.: (0551) 64-5551~2
President: Mr. Lee, Soo Kang

KHIC was founded in September 1962 as "Hyundai International

Inc." and then changed to Korea Heavy Industries & Construction
Co., LTD. in 1980.

The company plays a leading role in supplying power plant
equipment and construction in Korea, and provides reliable top
quality service.

KHIC’s Principal Scope of Services
Nuclear Power Plant Equipment
Thermal Power Plant Equipment
Hydro Power Plant Equipment
Co-Generation Power Plant
Combined Cycle Power Plant
Iron & Steel Plant

Cement Plant

Chemical & Petrochemical Plant
Material Handling Facilities
Offshore Platforms
Desalination Plant

Air Preheaters

Pollution Control Plant
Electrostatic Precipitator
Casting & Forgings

Civil & Construction

Diesel Engines

KHIC has twelve main divisions, namely Power Plant Marketing
Division, Thermal & Hydro Power Plant Project Business Division,
Civil & Construction Business Division, Nuclear Power Plant
Project Business Division, Engineering & Technology Division,
Product Division, Prime Mover Business Division, Gas Turbine
Business Division, Industrial Machinery & Plant Business
Division, Special Products Business Division, General
Administration Division, and Material Procurement Division.

KHIC extends additional services such as Quality Assurance &
Inspection in order to establish a high degree of confidence in
its products and services, as well as Management Information
System Center to take customer orders, production, material
storage, payrolls, cost data and other administrative works, and
further Education & Training to meet and satisfy the needs of
their clients.

1065




Company Profile

Name of Company: Korea Power Plant Service Co., Ltd. (KPS)
Address: 87, Samsung-dong, Kangnam-ku, Seoul, Korea
Tel No.: (02) 540-0077

Fax No.: (02) 549-4677
President: Mr. Suh, Suk Chun

Korea Power Plant Service Co., Ltd. (KPS), a subsidiary of Korea
Electric Power Corp. (KEPCQ), was established in 1974 to
exclusively provide plant maintenance services for KEPCO who is
responsible for electric power supply for the entire nation.

As a leader in the field of power plant maintenance in the
nation, KPS currently operates 46 business offices located
throughout the country, offering full range of maintenance
technologies for domestic power plants and other facilities

industry such as 25 thermal, 8 hydroelectric & 5 nuclear power
plants.

Scope of Services

Routine Maintenance

Planned Outage Maintenance
Modification and Rehabilitation
Maintenance during Commissioning Phase
Maintenance of Transmission Systems
Refueling Chemical Cleaning
Non-destructive Testing
Standardization of Maintenance Plan

Regarding its manpower and organization, KPS has approximately
4,200 employees including skilled maintenance personnel in
mechanics, electricity, nuclear metallurgy, electronics &
chemistry, and administrative personnel.

With highly-qualified human asset, a whole spectrum of experience
and expertise in plant maintenance technologies, the company now
aims to widen and diversify the business scope in overseas market
as well as domestic market, putting a special emphasis on

technological development through utilization of advanced tools &

equipment, integrated information system, and manpower education
& training programs.
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Company Profile

Name of Company: Korea Nuclear Fuel Co., LTD. (KNFCQ)
Address: 150, Tokchin-Dong, Yusong-gu, Taejon, Korea
Tel No.: (042) 820-1000 )
Fax No.: (042) 861-2380

President: Lee, Chang Sup

KNFC was founded in 1982 with the objective of achieving self-
reliance on nuclear fuel technology.

The company has been playing an important role in achieving self-
reliance on nuclear power technology and continues to exert its
utmost efforts in enhancing economic competitiveness. And since
1989, KNFC has been producing nuclear fuels for all the PWR
plants operating in Korea, which contributes to the steady and
inexpensive electricity production.

KNFC’s Principal Scope of Services

Design and Fabrication of PWR Fuel
Flow of Fabrication Process
Uranium Reconversion

Fabrication Process

Fuel Rod Manufacturing Process
Fuel Assembling Process

Spacer Grid Assembling Process
PHWR Fuel Project

Quality Assurance

Research & Development

Fabrication of Fuel Assembly Components

The purpose of R&D Center was to perform core design and
engineering activities related to nuclear power, and at the same
time passing commercialized technologies to the private industry.
Currently, R&D Center is researching on design and manufacture of
high burn up nuclear fuel efficiently with maximum safety.

Safety measures are carried out by a separate, independent
organization that is responsible for environmental surveillance.
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Company Profile

Name of Company: Seil Data Communications Co., Ltd. (SDC)

Address: 7 Fl., Hanjeon Bldg., 21, Yoido-dong,
Youngdeungpo-ku, Seoul

Tel No.: (02) 787-8611 and 8695

Fax No.: (02) 787-8699

President: Mr. Lee, Ho Rim

Seil Data Communication Co., Ltd. (SDC), an affiliated company of
Korea Electric Power Corp. (KEPCO), was founded in 1992 to
promote the use of the information system for business and to
maximize the utilization of the networks which cover all the
country.

As an integrated data communication company, SDC provides high
guality services such as systems integration, systems management,
factory automation, networking, consulting, training, and so on.

Scope of Business

Information System Consulting & Training
Systems Integration

Systems Management

Networking and VAN Service

Manufacturing & Supplying of Electronic Devices
Multi-media

Electric Power System Control

Power Plant Control

Factory Automation

Construction of Communication System
Research & Development

-CATV Equipment

-EDI System & LAN System

-GIS Application Technique

-AI & Expert System

-RTU (Remote Terminal Unit)

Regarding the company’s organization, SDC has 3 divisions, that
is, Planning & Management Div., System & Business Development
Div., and Research Center, including administration office,
systems development office, information & communication office,
CATV team, plant auto control system team, and plant.

With its rich personnel/material resources, experiences, and
technical know-how in data communication, computer system, and
electronic control fields, the target of SDC is to become one of

the top data communication companies in 2001 with its resolute
technical investments.
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Company Profile

Name of Company: Korea Atomic Energy Research Institute (KAERI)
Address: P.O. Box 105, Yusong, Taejon, 305-600, Korea

Tel No.: (042) 868-2000

Fax No.: {(042) 868-2702

President: Shin, Jae In, SC. D.

The Korea Atomic Energy Research Institute (KAERI) is an
organization established in 1962,which hopes to promote peaceful
uses of nuclear energy, and to specifically advance science and
technology in Korea by contributing to national economic
development, and carrying out integrated R&D activities in the
nuclear field. KAERI emphasizes the development of state-of-the-
art technology. Nuclear R&D activities include such areas as new

materials, laser optics, and artificial intelligence including
robotics.

RAERI’S Principal Scope of Services

® development of technology for the radio-sterilization of
medical products, for extending the shelf life of foods,
and for preventing food decay.

® continuing research of radioisotopes, especially RI-
labeled compounds, for industrial and medical use.

® establishment of the Nuclear Steam Supply (NSSS), the
key technology for nuclear power generation systems.

® successful establishment of the design and fabrication
technology for PHWR fuel in 1984, and PWR fuel in 1989.

® current project to independently design and construct a

new 30 megawatt class multi-purpose research reactor at the
Daeduk site.

The Nuclear Environmental Management Center (NEMAC), and
affiliate of KAERI, is responsible for the operation of a
permanent disposal facility for low-level rad-waste and an
interim storage facility for spent fuels. KAERI's primary goal
is to, through nuclear safety, protect the general public, and
conducts a wide range of R&D activities involving the
establishment of safety technology. For example, the Korea
Cancer Center Hospital (KCCH), vyet another affiliate, was
established for the enhancement of public health.

KAERI greatly values the training of its’ personnel, and thus has
been providing various training courses not only for KAERI
employees, but also for personnel from colleges, industrial
sectors and government agencies.

KAERI has played an important role in promoting international
nuclear cooperation by sharing technologies induced from advanced
countries and by also domestically developing technolodgy with
other developing countries. KAERI has established branch offices
in USA and Canada and hopes to become one of the world’s top
institutes.
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Company Profile

Name of Company: Korea Electric Association (KEA)
Address: KEA Bldg., 11-4 Supyo-dong, Chung-ku, Seoul 100-230,

Korea
Tel No.: (02) 274-1661/5
Fax No.: (02) 277-5174

Chairman: Mr. Rieh, Chong Hun

Korea Electric Association (KEA) was established in 1965, and
remains dedicated to the promotion of industrial development
through progress and development of the entire electric
industries and technology. Consisting of a General Affairs
Department, a Technical Department and a Public Information
Department, these divisions work in conjunction with various
committees, including the Management, Publications and Power

Distribution Expert Committee to engage in the following various
fields of activity.

KEA’S Principal Scope of Services

® Comprehensive survey and exchange of information and data
regarding electric technology.

e DPublication of data to contribute to the advancement of
electric industrial advancement and efficiency.

e study of various technology standards and recommendation to
government authorities.

® To perform such projects and services as requested by the
government or related governmental agencies.

® Publication of electricity related books.

® Operation of the Korea Electric Association Building for
public relations of the electricity related business.

KEA strictly follows and studies the related laws and regulations
of electricity, conducting various surveys throughout the
domestic and foreign electric industry sector. Additionally, KEA
maintains personal exchanges with Electricity related
Organizations in Foreign Countries. There are currently 47

organizations under exchange, with established enterprises in 11
countries.

Through interchange with various Electricity related
organizations, by means of conferences, public seminars,
periodicals, and several power consumption saving campaigns, KEA
is a competitive association which seeks to help the government,
industry, and consumer sector, work efficiently to foster
effective resource allocation in Korea.

KEA additionally founded the KEA Scholarship Foundation in 1970
in order to assist in the training of outstanding students
majoring in electrical engineering and who intend to devote
themselves to the field of Electricity. Thus, KEA has taken a
decidedly active role in furthering Korea’s electrical
development.
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Company Profile

Name of Company: Korea Atomic Industrial Forum, Inc. (KAIF)
Address: 21, Yeoeuido-dong, Yeongdeungpo-ku, Seoul 150-010, Korea
Tel No.: (02) 785-2570

Fax No.: (02) 785-3987

Chairman: Mr. Rieh, Chong Hun

Vice Chairman: Mr. Lee, Kyo Sun

KAIF is an incorporated association, established in 1970 for
exchanges of nuclear knowledge, information and opinions, as well
as for contribution to economic growth and public wealth through
various activities promoting industrial uses of nuclear energy.

KAIF is actively involved with interxrchange with various
international organizations as well as with the observation of
overseas nuclear industries. The international organizations
which have relationships with KAIF are the USCEA of the U.S. and
other organizations of 20 countries such as Japan, England,
France, Germany, and Canada.

KAIF’s Principal Scope of Services

° Cooperation and association among the members regarding

nuclear development and utilization

Holding of International conferences

Training of technical staff on the nuclear industry

Counseling and services for industrial uses

Production, storage, and distribution of data, and

subscription arrangement related to nuclear industry

° Research, study and analysis of public opinion regarding
nuclear industry, subsequent recommendations on nuclear
policy

Through international conferences and academic meetings, KAIF
promotes nuclear technology and seeks to enhance international
cooperation. The conferences are open to the press, engineering
students and the interested public.

As for the training of technical personnel, KAIF devotes itself
to training its engineers with quality courses pertaining to
nuclear generation, nuclear safety, radiation safety, etc.

Overseas research groups consisting of specialists and
professionals are an integral part of KAIF's research and
development. With such, KAIF studies the domestic and foreign
trends of nuclear generation and provides the R&D requested by
the government or relevant organizations to develop and establish
responsible nuclear policy.
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Company Profile

Name of Company: Korea Energy Economics Institute (KEEI)
Address: 665-1, Naeson-Dong Euiwang-Si, Kyungki-Do, Korea
Tel No.: {(02) 343-20-2114

Fax No.: (02) 343-21-0688

President: Mr. Lee, Hoesung

KEEI was established in September, 1986 by the Korea Energy
Economics Institute Act. It is a policy research agency of the
Ministry of Trade, Industry and Energy that is responsible for
developing national energy and resource policies for Korea.

Major functions of KEEI include policy analysis and development
through economic analysis, evaluation, forecast and policy
development. KEEI maintains comprehensive national energy data
pase. The focus of KEEI'’s research has been directed toward the
development of innovative policy approaches to improving energy
efficiency in end-use energy consumption.

KEEI’s Principal Scope of Services

° Policy analysis and development through economic analysis,
evaluation, forecast and policy development for long and

short-term demand/supply, price and investment energy and
natural resources.

) Analysis of structuré, behavior and performance of domestic
and world energy and natural resource markets.

) Policy forum

) Market Information Network Meeting

° Guest Scholar Seminar

° Academic Workshop

) International Cooperation

KEEI has two divisions, namely Planning and Administration
division, and research teams. Planning and Administration
handles Planning & Coordination, Computer & Library and
Administration; Research Teams, on the other hand, manage
Petroleum policy, Natural Gas Policy, Coal & Minerals Policy,
Energy Conservation Policy, Energy Supply/Demand Policy, Energy &
Environment Policy, Electricity Policy, Energy Information
Analysis and Energy Statistics.

The goal of KEEI is to introduce a new prospect of energy
policies and programs to cope with new challenges and to enrich
research capability to analyze the global, interdependent aspects
of energy/environmental problems.
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Company Profile

Name of Company: The Korea Energy Management Corporation

(KEMCO)
Address: 1467-3 Seocho 3-Dong, Seocho-ku, Seoul 137-073, Korea
Tel No.: (02) 520-0114

Fax No.: (02) 582-5057
President: Mr. Lee, Ki Sung

KEMCO was founded in July 1980. Objective of KEMCO is to
contribute to the sound development of the national economy by
effective implementation of rational utilization of energy.

Major functions of KEMCO include promotion of rational
utilization of energy, CHP and DH projects; management of
efficiency improvements; inspection of heat using equipment and
materials; R&D management for energy and resources;
recommendation of financial support for energy conservation
investment; other activities consigned by the Minister of Trade,
Industry and Energy.

KEMCO’s Principal Scope of Services

° Energy Audits and Technical Guidances

° New Technology Dissemination Programs

] Collection and Dissemination of Energy Technology
Information

] Cogeneration and District Heating

] Financial Assistance

°

Efficiency Management of Energy-Using Equipment and
Appliances

Heat-Using Equipment and Materials

Public Information

Publication

Technical Training and Seminars

Early education for energy conservation

As for KEMCO's organizational structure, it has three main

divisions -- Operational & General Affairs, Technical Affairs,
Mass Energy Supply H.Q. and Research and Development Management
Center for Energy and Resources -- each led by Executive

Director. In addition, KEMCO offers programs by sector and by
function. Programs by sector comprises of industry, residential/
commercial and transportation; programs by function consist of
Energy audit and technical guidance, Management of energy
equipment/materials, Total energy supply, Dissemination of energy
technology, Education and public information and RD&D.
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Company Profile

Name of Institution: Korea Advanced Institute of Science and
Technology. (KAIST)

Address: 373-1, Kusang-Dong, Yusung-Gu, Taejon, Korea

Tel No: (042) 869-2114, 5115

Fax No: (042) 869-2810, 2260

President: Mr. Chun, Soung Soon

Korea Advanced Institute of Science and Technology (KAIST) is a
research oriented graduate and undergraduate institution.

KAIST had originally been launched as KAIS by special law in
1971, and in 1981 it became KAIST. Since 1971, KAIST has
produced 1,584 Ph.D’s. 7,538 M.S’s and 1,626 B.S’s of highly
trained scientific talents, and 53 percent of them were awarded
®h.D’s while still in their twenties. Furthermore, KAIST has
acquired further educational responsibility by merging with the
Korea Institute of Technology (KIT) in 1989. KIT had been an
undergraduate college established in 1985 especially for the
purpose of educating scientifically gifted students, who are
selected from top-notch high school graduates. Faculty members
along with students directly participating in research and
development, have carried out R&D amounting to 82.3 billion won,
distributed among more than 3,230 projects since 1971.

RAIST’S PRINCIPAL SCOPE OF SERVICES

® Educates high-caliber manpower with competence in both
theoretical aspects and practical applications in the fields
of sciences and technologies.

® Conducts research of both basic science and advanced
technology.

® Conducts joint research with R&D institutes and industries at
home and abroad.

Consisting of 20 departments within the following 6 schools: the
School of Natural Sciences, the School of Mechanical Engineering,
the School of Industrial Engineering and Management, the school
of Applied Engineering, the school of Information and
Electronics, and the School of Humanities & General Sciences,
KAIST seeks to foster scientific and technological research and
education through which students can ultimately contribute to the
development and well-being of the nation with their leadership
and ability to apply their knowledge to real world problems.

Emphasizing a three-way cooperation among academia, industries
and research institutes, KAIST is consistently producing high
quality scientists and engineers for the development of science
and technology in Korea as well as conducting advanced research
in these fields.
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Company Profile

Name of Company: Korea District Heating Corp. (KDHCQ)

Address: San 43-14, Pundang-dong, Pudang-gu, Songnam-shi,
Kyonggi-do, Korea

Tel No.: (0342) 701-7530

Fax No.: (0342) 701-4049

President: Mr. Chung, Soo Woong

KDHC initiated the district heating system in Korea, and more
specifically, in the Southern Seoul area in 1987.

Since 1987, fuel consumption has been reduced by 58%, and air
pollutants have decreased by 80%, such as SOx, NOx etc.
Increasingly recognized as the most effective heating system in
the country, KDHC maintains a high level of energy efficiency by

using a district heating system which is directly connected with
“he combined heat and power plant.

Additionally, unlike the traditional air-conditioning system
which uses excess electricity, the district cooling system
utilizes the hot water to absorption chiller in buildings to
produce cold air. Subsequently, this reduces the electricity
demand while preserving the ozone layer by not using Freon gas.

KDHC'S PRINCIPAL SCOPE OF SERVICES

° Energy Saving: About 1,245,000 tons per year-Based on 1990,
5.7% of total commercial energy consumption.

o Decreased environmental pollution: More than 90% decrease
compared to the traditional system.

) Facility Investment: 23% savings compared with the
traditional .system.

° Easy expansion to new areas: Possibility of energy supply
along the already connected pipe lines.

With regard to KDHC’s exchange with international organizations,
it established Korea District Heating Engineering Co. Ltd., a
joint venture with Finland’s Ekono Energy Ltd. in 1991. This
joint venture will not only apply the newest district heating
technology to the domestic field, but it will also produce
specialized engineers. Consequently, it will remain active in
the foreign market through technology exports.

As a forerunner in the district heating arena, KDHC is
contributing to the development of important energy-related
projects including technical support for the improvement of an
integrated energy supply system and the utilization of
incineration heat etc. KDHC remains committed to improving
living standards by increasing space availability in buildings,
by preventing probable accidents, by conserving resources,.and by
actively reducing the level of environmental pollution in Korea.
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LisT OF CLOSING DINNER PARTICIPANTS







U.S.-KOREA ELECTRIC POWER GENERATION SEMINAR MISSION

Attendant List for Closing Dinner
October 24-25, 1994

Grand Celadon Ball Room,

Mr. Hwang, Eui Kyu
Manager/Business Development Team
Daehan City Gas Co., Ltd.

558-2611

501-5737

Mr. Kim, Chan Kyu

General Manager

Daelim Engineering Co., Ltd.
369-4367

786-0567

Mr. Park, Hwa Young
Assistant Manager

Daelim Engineenng Co., Ltd.
369-4367

786-0567

Mr. Nam, Gi Tag

Chief Engineer

Daelim Engineering Co., Ltd.
397-4367

786-0567

Mr. Chung, Ha Chang

Deputy Manager/Energy Project Team
Daelim Industrial Co., Ltd.

368-7868

368-6847

Mr. Choi, Sung Soon
Manager/Nuclear Power Plant Team
Daelim industnal Co., Ltd.
368-7880

368-6847 -

Mr. Song, Jae Oh

Director, Nuclear Power Project Dept.
Daewoo Corporation

259-3636

753-9372

Mr. Yeom, 1k Hown

Asst. General Manager, Environmental &
Energy Tech

Dongbu Energy & Construction Co., Ltd.
262-2363

279-3641

Hotel Inter-Continental, Seoul

Mr. Choi, Jae Gu

Asst. General Manager, Env. & Energy Tech
Dongbu Energy & Construction Co., Ltd.
262-2352 -

279-3641

Mr. Yoon, Young-Ro
Director

Fluor Daniel Korea
501-8200
501-8440

Mr. Jo, Hyon Joo

Manager/Overseas Dept.

Hala Engineering & Construction Cor
405-8721

409-6211

Mr. Oh, Dong Gue
Manager/Overseas Dept.

Hala Engineering & construction Cor
405-8712

409-6211

Mr. Lee, Young Soo
Manager/Electric Dept.

Hala Engineering & Construction Cor
405-8531

409-6211

Mr. Lee, Il Kyu

Manager/Plant Division

Hanijin Engineering & Construction
450-8620

450-8108

Mr. Lee, Young Min
Director/Plant Division

Hanjin Engineering & Construction
450-8081

450-8108

Mr. Jo, Yong Kyu

Manager .

Hyundae Construction Corporation
746-2735

746-4843




Mr. Yoo, Young Hyun

Senior Engineer/Devision of Electrical Works
Hyundai Engineerning & Construction
746-2511

746-2528

Mr. Cho,.Yong Kyu

Chief Engineer/Division of Electrical Works
Hyundai Engineering & Construction
746-2511

746-2528

Mr. Kim, Bong Hee

Manager, Plant 2 Group Electric Dept.
Hyundai Engineering Co., Ltd.
410-8401

410-8416

Mr. Huh, Jung Jae

Manager

Hyundai Engineering Co., Ltd.
410-8426

410-8424

Mr. Lee, Rim Taek

Senior Vice President, Plant 2 Group Power
Hyundai Engineering Co., Ltd.

410-8004

410-8415

Mr. Hwang, Moon Suk

General Manager, Environmental Plant Sales
Hyundai Heavy Industries Co., Ltd.
0522/30-3401

0522/30-3480

Mr. Roh, Chan Soo
Deputy General Manager
Hyundai Heavy Industry
0522/30-3302

Mr. Park, Ki Won
Director/industrial Plant Dept.
Hyunda: Housing & Industrial Dev.
519-9376

519-8197

Mr. Suh, Soo Hyun

General Manager

Hyunndal Engineering Company
410-8530

410-8424

1080

Mr. Oh, Se Kee

Dpt. Head of Electric Power System
Laboratory.

Institute for Advanced Engineerning
0331/216-2194

0331/216-2195

Mr. Bang, Sang Kiel

President/Group Planning&Management
Division

Ko Hap Ltd.

722-6361

736-2380

Mr. Yoon, ick Hee

Section Chief/Plant Dept.
Koton Construction Co., Ltd.
3450-7600

556-6985

Mr. Lee, Dong Bok

Section Chief/Mech & Elec Dept.
Kolon Construction Co., Ltd.
3450-7600

556-6985

Mr. Lee, Sung Chul

Executive

Kolon Engineering Corporation
528-4600

528-4567

Mr. Jung, Jin Hong

General Manager, Industrial Power Electronic
Deprt.

Kolon Engineering, Inc.

528-4800

528-4567

Mr. Shin, Sang Ho

Gen. Manager, Water Treatment Eng. &
Construction

Kolon Engineering, Inc.

528-4600

528-4567

Mr. Jeon, Yong Soo

General Manager, Planning Dept.
Kolon Engineering, Inc.
528-4600

528-4567



Mr. Suh, Sung Won
Executive Vice President
Kolon Engineering, Inc.
528-4600

528-4567

Mr. Son, Seong Sub

Exec. MDirector, Environment Eng. &
Construcuon

Kolon Engineering, Inc.

528-4600

528-4567

Mr. Lee, Gae Won

General Manager/ Energy & Resources Team
Kolon International Corporation

311-8630

311-8956

Mr. Kim, Joon Kyong

Deputy Manager/Energy & Resources Team
Kolon International Corporation

311-8634

311-8956

Mr. Lee, Joo Suk

Director

Kor.institute/Machinery & Metals
0551-80-3620

0551/80-3629

Mr. Choi, Byung Chul

Assistant Manager/G/T Combine Power Plant
Korea Air Line Co., Ltd.

726-6282

756-7929

Mr. Hong, Chul Heui

Assistant Manager/G/T Combine Power Plant
Korea Air Line Co., Ltd.

726-6292

756-7929

Mr. Han, Maon Hee

Head, Environmental Information Analysis
Korea Atomic Energy Research Inst.
042/868-2353

042/861-9560

Dr. Choi, Han Kwon
Manager, Int’l. Project Development Dept.
Korea Atomic Energy Research Instit

042/868-8274
042/862-1457

Mr. Yang, Jun Suk

Asst. Project Manager, Uichin 3&4 Technical
Coord. :

Korea Atomic Energy Research Instit
042/868-2824

042/861-0653

Mr. Lee, Jeong Ho

Director, Radiation Environmental Safety Div.
Korea Atomic Energy Research Instit
042/868-2355

042/861-9560

Mr. Kim, Jin Soo

Vice President, General Technology Division
Korea Atomic Energy Research Instut
042/868-2830

042/861-9605

Mr. Park, Chang Kyu

Director, integrated Nuclear Safety
Assessment

Korea Atomic Energy Research instit
042/868-2662

042/861-2574

Mr. Lee, Kyo Sun

Executive Vice President

Korea Atomic Industrial Forum, Inc.
785-2570

785-3975

Mr. Chang, Ho Hyun

Asst. Manager, Int’l. Cooperation Dept.
Korea Atomic Industrial Forum, Inc.
785-2570

785-3975

Mr. Kim, Chi Wan

Asst. Manager, Power Generation Dept.
Korea Electric Power Corporation
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