4.2.2 Technical Comparison of Evaluated FGD Methods

The following technical items, which are considered important, are described

for each evaluated FGD method for general comparison:

(1) Basic Principles of the Process

(2) Reactions

(3) Desulphurization Performance

{4) Dust Removal Performance

(5) Technical Levels

(6) Experience at Coal Fired Utility Plants
(7) Reliability

(8) By-products

(9) Utilities

(10} Waste Water _

(11) Stack Lining and Flue Gas Reheating
(12} Operability

(13) Maintenability

Table &.2-1 shows results of general technical comparison of the FGD methods

evaluated in this study.
In addition, basic processes of such FGD methods are outlined as follows.
(1} Wet Type Limestone-gypsum Process - Spray Tower Method

Limestone (CaCO;) slurry is sprayed to flue gas in a spray tower to
absorb sulphur oxides (S0x) of the flue gas for desulphurization. The
limestone slurry thus sprayed reacts with absorbed sulphur oxides and
forms calcium sulphite (CaS805). Calcium sulphite thus formed is

oxidized further and discharged in the form of gypsum (CaS0;).



Ma jor reactions which occur in this method are as follows:

{Absorption]

CaC0; + SO, + YH,0 - CaSO;e4H,0 + CO,

[Oxidation]

CaSO3H,0 + 50, + 1%H,0 - Cas$0,»2H,0

The flow of these reactions is shown in Fig. 4.2-2.

The process flow of this method is shown in Fig. 4.2-3. This method

consists of a draft system, a limestone slurry preparation system, an

absorbing system, & gypsum recovery system, etc.

a.

Draft system

The flue gas from boiler is pressurized by a boost-up fan (BUF),

subjected to heat exchiange at a gas to gas heat exchanger (GGH)
with treated gas from FGD outlet, and enters the spraying
absorber. Here, the flue gas temperature is lowered to the
saturation temperature by spraying part of the absorber circulat-
ing liquid. The cooled flue gas is then uniformly dispersed and
rectified in the absorber, comes into contact, face to face, with
slurry at the absorbing portion, where sulphur oxides in the flue
gas are absorbed and dust in the flue gas is removed by -the

scrubbing in the absorber,

After the desulphurization, mist included in the flue gas are
removed at the mist eliminator which is existing at the upper

part of the spraying tower.

After removal of sulphur oxides and dust, the treated flue gas is
led again to the GGH, where it is heated by flue gas from boiler,

and then discharged from the stack.



Limestone slurry preparation system

Limestone {powder), used as absorbent is'stored in a limestone
powder silo. The limestone powder is fed to a limestone slurry
tank through a limestone metering feeder. Water is also added to
the limestone slurry tank at a specified rate. Limestone powder
and water are made. into limestone slurry, and the limestone
slurry is kept in the limestone slurry tank. Necessary amounts
of limestone slurry are pumped from the tank by limestone slurry
pumps to a circulation tanks existing at the bottom of the
absorber. Waste water of gypsum dehydration is usually used for

preparing the limestone slurry.
Absorbing system

The absorbing system, where the mixed slurrj of limestone and
reaction products is sprayed in the absorber, is the most
important syétem.on.the desulphurization and the dust removal
efficiency of the FGD. The mixed slurry sprayed in the absorber
falls while absorbing and removing sulphur oxides and dust of the
flue gas and the slurry is stored in the circulation tank
existing at the bottom of the absorber. Limestone slurry'is
added to the tank to maintain the desulphurization performance of
the mixed slurry, and the mixed slurry'is sprayed again in the
absorber t0wér for desulphurization. Thé air is blown into the
absorber circulation tank to oxidize calcium sulphite into gypsum

{calcium sulphate).
Gypsum recovery system

When gypsum is to be recovered as a by-product, the gypsum slurry
from the absorption system is dehydrated by dehydrators to obtain
gypsum - in this system. Waste water from dehydrators is usually

used again as make-up water for the desulphurization process.



(2)

Wet Type Limestone Gypsum Process - Jet Bubbling Methbd

In this method, the flue gas and the air for oxidation are blown into

an absorption liquid of limestone slurry in a jet bubbling reactor

(JBR}).

Sulphur oxides included -in flue gas are absorbed and oxidized

in this way, and gypsum is recovered as a by-product.

The major reaction which occurs in this method is as follows:

[Absorption and oxidation]

CaG0, + 50, + %0, + 2H,0 - GaS0402H,0 + CO,

The flow of this reaction is shown in Fig. 4.2-4.

The process flow of this method is shown in Fig. 4.2-5. This method

consis

ts of a draft system, an absorbing system, a limestone slurry

preparation system, a gypsum recovery system, etc.

8.

Draft and absorbing system

The flue gas from boiler is pressurized by a boost-up fan (BUF),
subjected to heat exchange at a gas to gas heat exchanger (GGH)
with treated gas from FGD outlet, and part of the makeup water is
sprayed to lower the flue gas temperature to the saturation

temperature.

The flue gas of saturation temperature is led to the JBR and
blown into the absorption 1liquid through sparger pipes, and
sulphur oxides and dust are absorbed and removed from the flue

gas.

Mists included in the flue gas at desulphurization are removed at
a subsequent mist eliminator. Aftef-desulphurization and dust
removal, the treated flue gas is led again to the GGH, where it
is heated by flue gas from boiler. and then discharged from the

stack.

4 - 10
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Limestone slurry preparation system

Limestone (powder), used as absorbent is stored in a limestone
powder silo. The limestone powder is fed to a limestone slurry
tank through a limestone metering feeder. Water is also added to
the limestone slurry tank at-a specified rate. Limestone powder
and water are made into limestone slurry, and the limestone
slurry ‘is kept iﬁ the limestone slurry tank. HNecessary amounts
of limestone slurfy are pumped by limestone slurry pumps and fed
to the JBR. Usually, waste water of gypsum dehydration is used

as water for making the limestone slurry.
Gypsum recovery system

When gypsum is to be recovered as a by-product, the gypsum slurry

from the JBR is dehydrated by dehydrators to obtain gypsum in

. this system. Waste water from dehydrators is ususally used again

as make-up water for the desulphurization process.

Spray Dryer Method

In the spray dryer method, slaked lime slurry is sprayed in the form of

very fine droplet in flue gas in a spray dryer absorber (SDA) to absorb

sulphur oxides of the flue gas.

Water in the slurry evaporates by the heat of the hot flue gas.

Sulphur oxides in flue gas reacts, at the same time, with slaked lime

(Ca(OH),) of the slurry, resulting a dry powder mixtﬁre of calcium

sulphite (CaS0;) and gypsum (CaS0,), which falls on the bottom of SDA

or is collected and removed by a subsequent dust collector.
Major reactions which occur in this method are as follows:

[Absorption]

Ca(OH), + SO, + ¥H,0 ~ CaSO;e%4H,0 + Hy0

4 - 11



[Oxidation]

CaS0,+%H,0 + %0, + 1YH,0 - CaS0,¢2H,0

The flow of these reactions is shown in Fig. 4.2-6.

The process flow of this method is shown in Fig. 4.2-7. This metheod

consists of a draft system, a slaked lime slurry preparation system, a

slurry spraying system, a dust recirculation system, etc.

a.

Draft system

The filue gas from boiler is led to SDA usually by an induced
draft fan (IDF). The absorbent is sprayed in the SDA and sulphur
oxides are removed. The tempéraﬁure of the flue gas in the SﬁA
is adjusted to an optimal operating temperature range by the
amount of concentration-adjusted slaked lime slurry sprayed in
the SDA. The temperature of flue gas -for optimal-operaﬁion is
controlled to be higher than the saturation temperature by 10 to
20°C so that the flue gas can be in a dry state, The reaction
products generated in the flue gas are partly removed by the
cyclone separation effect of the SDA. The rest of the reaction
products is carried to a subsequent dust collector, where the
dust including the reaction products are removed to achieve a
level of concentration which meets regulhtions, and the treated

flue gas is discharged from the stack.
Slaked lime slurry preparation system

Slaked lime or quick. lime, used aé absorbent, is stored in a
storage silo, and fed to a slaked iimé slurry tank_through a
slaked lime metering feeder. Water is also added.to the tank at
a specified rate to make supplied slaked lime into slurry and

store it in the slurry form.

4 -~ 12
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c. Slurry spraying system

The slurry spraying system sprays the absorbent slurry in the
SDA. The absorbent slurry is a mixture of the slaked lime slurry
and part of the reaction products fallen to the bottom of the SDA

and collected at the subsequent dust collector.

The absorbent slurry must be sprayed in the form of very fine
droplet, and rotary atomizers are used for that purpose in large

scale systems.
d. Dust recirculation system

The dust recirculation system removes the reaction products
fallen to the bottom of the SDA and collected at the subsequent
dust collector, and recirculates part of the reaction products to
the absorbent slurry to improve the utilization rate of slaked

" lime used in the method.
Limestone Injection into Furnace Method

In this simplified FGD method, limestone (CaCO;) is blown into the high
temperature region (about 1,100°C) of furnace tec decarbonate limestone
and partly absorb sulphur oxides at the same time. In addition, water
is sprayed in a reactor, ‘installed at a low temperature region
downstream of the air preheater, for further desulphurization when it
is necessary to get better deSOx efficiency. The by-product along with

dust is collected at following dust collector.

Desulphurizing reactions occur in the furnace and the reactor when
water spray tower is applied. Reactions which occur in the furnace and
water spray tower are as follows:

[Reactions in furnace]

Cac04 - Ca0 + CO,
Ca0 + 80, + %0, ~ CaSO,

4 ~ 13
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fReactions in reactor]

Ca0 + 80, + %H,0 - €aS0,+%H,0

Ca0 + S0, + %0, + YH,0 =~ CaS0,+2H,0
80, + H,0 ~ H,S0,

a0 + HyS0; ~ CaS0;eH,0 + %H,0

A flow diagram of these reactions is shown Fig. 4.2-8, and the process

flow of this method is shown in Fig. 4.2-9.
Slaked Lime Injection into Duect Method

In this simpliflied FGD method, an absorbent of slaked lime (Ca{CH)j;)
is blowm into the.duct.at a low temperature region following the air
preheater. In addition, water is sprayed in & subsequent reactor for
furhter desulphurization when it is necessary to get better deSOx
efficiency. Slaked lime is used as absorbent because of its high
reactivity. The by-product along with dust is collected at following

dust collector.
Reactions which occur in this method are as follows:
[Reactions in duct]

Ca(OH), + SO, ~ CaS0;¢4H,0 + %H,0
Ca{OH), + S0, + %0, + H,0 - CaS0,+2H,0

[Reactions in reactor)

Ca(OH), + HyS0; - CaS0;+%H,0 + 3/2 H,0

A flow diagram of these reactions is shown Fig. 4.2-10, and the process

flow of this method is shown in Fig. 4.2-11.

4 - 14
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Activated Coke Method

In the activated coke method, activated coke used as absorbent is

filled in an moving bed type absorber in which activated coke moves by

gravitation. Flue gas is passed through the absorber for absorption of

sulphur oxides.
As the absorption efficiency of the absorbent deteriorates gradually,
the absorbent is continuously heated for regeneration in a desorber.

Sulphuric acid or sulphur is recovered as a by-product.

The absorption and regeneration reactions which occur in this method

are as follows:
[Absorption]

1/20, + [AC] - Oad-[AC]
S0, + Oad-[AC] ~ SOjad-{AC]

{Regeneration]
S0,ad-[AC] + 1/2(C) - 80, + 1/2C0, + [AC)
The flow of the absorbing reaction is shown in Fig. 4.2-12

The process flow of this method is shown in Fig. 4.2-13, This method

congists of a draft system, an absorption system, a regeneration

.system, a by-product recovery system, etc.

a. Draft system

The flue gas is passed through the moving bed type absorber,
which is filled with activated coke and in which the absorbent
moves by gravitation, so that sulphur oxides of the flue gas is

absorbed.

4 - 15
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Absorption system

The absorbent (activated coke) is fed to the top of the absorber
and then the absorbent is flowed down by gravity from the top of

the absorber to the bottom of it.

During the moving action, the flue gas from boiler is passed
horizontally through the moving bed (cross-flow contact) and
sulphur oxides are absorbed. The used absorbent is regenerated

in the desorber, and then fed to the absorber again.
Regeneration system (Desorption system)

The used absorbent {activated coke) from the absorber, which
absorbed sulphur oxides, is regenerated in the ‘desorber for
reuse. In regeneration, the used absorbent is heated to about
400°C to free BS0,-rich gas from the used absorbent at the

desorber.
Recovery system
The recovery system recovers by-product from the S50,-rich gas

freed in the regeneration system. The by-product is recovered in

the form of sulphuric acid or elemental sulphur.

Electron Beam Method

Such radicals as CH, O and HO, are generated in flue gas by electron

beam irradiation, and SOx are oxidized and abserbed by such radicals.

Nitrogen oxides are also absorbed at the same time, and they undergo

neutralizing reactions with ammonia (NH,) which is injected in flue gas,

and recovered as by-products in the forms of ammonium sulfate ((NH,),.

S0,) and ammonium nitrate (NH,NO3).

Oxidation and neutralization reactions in the process are as follows:

4 - 16



[Oxidation]

OH on
S0, - HS0; - H,S0,

|
-+ 803 - HZSOQ
0 H,0

[Neutralization]
H,50, + 2NH, -~ (NH,),S0,

A flow diagram of these reactions is shown Fig. 4.2-14, and the process

flow of this method is shown in Fig. 4.2-15.

4 - 17
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Limestone take up Water Alr for Oxidation
(CaCoa) {H:0) (0:}
Calcium Sulfite
o (CaS0y + 17210}
80: in Flue Gas -~ Absorption - Oxidation
(50: ) Reaction Reaction
Absorber

Gypsum
(Cas0. - 2H,0)

Fig. 4.2-2 REACTION FLOW OF WET LIMESTONE-GYPSUM PROCESS
(SPRAY TOWER METHOD)
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Air for Oxidation

Limestone Make up HWater
{CaCos ) (11}
S0: in Flue Gas Gypsum
(50:) — Absorption and Oxidation Reaction ~ab= (CaS0s - 21:0)
JBR
Fig. 4.2-4 REACTION FLOW OF WET LIMESTONE-GYPSUM PROCESS

- ( JET-BUBBLING METHODD
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Fig. 4.2-5 PROCESS FLOW OF WET LIMESTONE?GYPSUM PROCESS
{JET-BUBBLING METHOD)}
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Process Water

Staked Lime
(Ca(0it). ) IR {H:0)
50: in Flue Gas Calcivm Sulfite
{50:) - ‘Absorption and Oxidation Reaction {CaS0, - ¥ H:0)
—=  Gypsum
SDA (Cas0. - 21:0)

Fig. 4.2-6 REACTION FLOW OF SPRAY DRYER METHOD
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Limestone
(CaCos}

Air for Oxidation

(C)

hﬁke up Kater

(1.0}

Reaction in Furnace

Calcium mono oxide
Cao

SO:

Oxidation Reaction

Absorber - -

Gypsum

{CaSD. « 2H:0)
Calcium sulfite
(Casos - “10)

Fig. 4.2-8 REACTION FLOW OF DRY ABSORBENT FURNACE INJECTION SYSTEM
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Fig.4.2-9 PROCESS FLOW OF DRY ABSORBENT PURNACE INJECTION SYSTEM
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Make up Water ~ Air lor Oxidation

_ (H:0) {02)
Slaked Lime
(Ca{0i)e )
$0: in Flue Gas I R Gypsum
(S0:} —t- | Absorption and Oxidation Reaction | —— {CaS0, - 21:0)
' - Calcium sulfite
Flue gas duct and Absorber {CaS0; - 1 H20)

Fig. 4.2-10 REACTION FLOW OF DRY ABSORBENT DUCT INJECTION SYSTEM
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Heat

80; in Flue Gas ——
(50} —1= Chemical and/or Regeneration| —t= S0» gas Reduction
Phisical Adsorpiion

. Adsorber GOxdizoton Pure Sulphre
l (S)

Sulphuric Acid
(H2504)

Fig. 4.2-12 ADSORPTION AND REGENERATION FLOW OF ACTIVATED COKLE METHOD
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Fig. 4.2-13 PROCESS FLOW OF ACTIVATED COKE METHOD
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Ammonia

Electron Beam ' (M)
() —
S0: in Flue Gas 1 Suiphuric Acid Armon] um
(S0:) Oxidation Reaction {(H:804) Neutral ization j1—= sulfite
R —— Reaction (NHG)lSOI
Reactor

Fig. 4.2-14 REACTION FLOW OF ELECTRON BEAM SYSTEM WETH AMMONIA
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4.3 Study Conditions of the Optimum FGD Selection

To fulfill the deSOx efficiencies stipulated by iegal regulation for the
Melnik Power Station by employing some of the seven FGD methods described in
Section 4.2, it is necessary to study the FGD methods for selection of some
methods moét pertinent to respective plants of Part Il and Part III taking

into account the conditions specific to the Melnil Power Station.

This section determines operating conditions specific to the Melnik Power
Station for the purposes of studying the installation method (i.e. combina-
tion) of FGDs and selecting an optimum FGD method for Part II and selecting

an optimum FGD method for Part III respectively.

It should be noted that operating conditions given below were determined based
on the data and information obtained at meetings and surveys in the 1lst and
the second stages survey on FGD study for the Melnik Power Station conducted

in Czechoslovakia.

4.3.1 Operating Conditions of Power Plants
(1) Capacity Factor

Part II: 582 (corresponding to annual operation of 5,081 hours at

the rated load)

Part III: 51% {corresponding to annual operation of 4,468 hours at

the rated load)

The capacity factor of each plant is as shown in Table 4.3-1, but they
are set as given below in consideration of operational changes to be

made from 1994 associated with the planned remodeling of Part IX.

The ordinary annual capacity factor shall be that of the Plan for 1993
for Part 1I, and those of the Plans for 1993 and 1994 for Part III.
The capacity factor at the year of periodical inspection shall be
determined from the performance in 1991 and the Plan for 1992 for Part
1I, and from the Plan for 1995 for Part III. '
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(2)

(3)

(%)

Plant Efficiency

Part II: 35.01z2 (at the rated load)}
33.22 (average: from efficiency calculation of 1991,

Melnik Power Station)

Part IIL: 36.09% (at the rated load)
33.62 (average: from efficiency calculation of 1991,

Melnik Power Station)

Periodical Inspection

The periodical inspection is carried out in two kinds of full
inspection and simple inspection. The full inspection, which takes
about 6 months, is carried out once every four years for 110 MW units
of Part IT and once for every five years for the 500 MW unit of Part
III. A simple inspection, which takes about 2 weeks, is carried out
every year. For Part 1L, full inspections are planned not to overlap
for two or more units. The full inspection has been scheduled to be
made on a single unit each year so that one cycle for 4 units is

completed in four years.

Long-term shutdowns are planned during 1994 to 1996 for Unit Nos. 9 and
10 of Part II and during 1995 to 1998 for Unit Nos. 7 and 8 of Part II
for replacement of the turbine and generator and remodeling each unit
to a cogeneration system. Thus, the above-mentioned cycle does not

apply during that period.

Schedules of shutdowns for maintenance and plans for remodeling of Part

1T and Part III of the Melnik Power Station are outlined in Fig. 4.3-1.
Concentration of 50, Emission and Regulatory Limits

Flue gas characteristics of each wunit calculated from fuel charac-

teristics and plant efficiencies obtained from the Melnik Power Station

are as shown in Table 4.3-2. Data used for the calculation are given

in Table &4.3-3.
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Calculated concentrations of S0, emission are as follows:
Part II: 4,840 mg/m’n (as dry and 0, = 62 base)

Part III: 4,840 mg/m’n (as dry and 0, = 6% base)

a. Emission by unit
Part II : .64.4 t/h x 1.5(Z) x 64/32 = 1.93 t/h (1 unit)
Part III: 283.7 t/h x 1.5(Z) x 64/32 = 8,51 t/h

b. | Regulatory limits_on 50, emission after October 1996

Part 1T : DeSOx Efficlency more than 702

(50, concentration 1,450 mglnFN or less)

Part III: =~ DeSOx Efficiency more than 85%

{50, concentration 720 mg!nﬁu or less)
c. 80, emission of each unit after October 1996 (at 100% load)

Part II : 1,450 mg/miy x 461,000 mw/h x (21-8.0)/15
0.58 t/h (per unit)

Part III: 720 mg/m* x 1,954,000 miw/h x (21-7.5)/15
1.27 t/h
d. Amount of removed S0, after October 1996 (Maximum per year)
Part II : 1.93 t/h - 0.58 tfh = 1.35 t (per unit)

1.35 t/h x 4 units x 5,081 h = 27,437 t/year

Part III:  8.51 t/h - 1.27 t/h = 7.24 t/h
' 7.246 t/h x 4,468 h = 32,348 tfyear

il
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-4.3.2

]

(2)

Design Conditions for FGD
Gonditions at FGD Inlet and Outlet

Inlet and outlet conditions of FGD are shown in Table 4.3-4. The inlet
flue gas volume in the conditions is given as a value of two effective
digits by rounding up the value shown in Table 4.3-2 in consideration
of load swings and fluctuations of power plants. The design total
deSOx efficiency is assumed to be the same as the regulatory value (see

Note}.

In addition, to avoid problems caused by sulfuric acid mist in
facilities downstream of the FGD, the minimum flue gas temperature at
stack inlet was set for the case of the wet type limestone gypsum
method in consideration of the. brown coal fuel which causes high
concentrations of both moisture and 505 concentration in flue gas. It
should be noted that the concentration of sulfuric gas (803) in flue gas
was estimated from experiences at EPDC because no analysis data were
available.- Furthermore, concentrations of hydrogen chloride (HCLl) and

hydrogen fluoride (HF) in flue gas were calculated using coal analysis

"data. The data used in such calculations are shown in Table 4.3-5.

Other inlet conditions of FGD are as shown in Table 4.3-2.

Note: "The Total DeSOx Efficiency" in this report is defined by the

following expression:

(1 _ [Quantity of S0, at stack outlet]

[puantity of S0, at boiler outlet] )X 100(%)

Coal Characteristics

Coal characteristics used in the study are shown in Table 4.3-6. Such

coal characteristics are set as follows:

The Melnik Power Station is using about 35 kinds of lignite, and all of

“them are domestic coal from northern Bohemia. According to past data,
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(3)

there had been some times when heating value of coal was inadequate to
ensure the necessary load. Recent data, however, indicate that coal
characteristics are petting stable and such characteristics are

estimated also for future supplies.

Results of analysis of coal sampled at the Melnik Power Station on May
20 and July 20 and analyzed in Japan are shown in Table 4.3-7. 8ix (6)
kinds of coal of known origin represent major sources of coal supply
accounting for about 80Z of coal to be used at the Melnik Power
Station. Mean wvalues on the six (6) kinds of coal therefore are

assumed to be the coal characteristics for the study of FGD.

Brown coal characteristics for determining the amount of 50, emission
from the Melnik Power Station show, however, total moisture of 30.2%,
heating value of 3,720 kcal and sulfur content in coal of 1.5% (dry

basis) as fuel characteristics.

The total moisture of 30.27 given by the Melnik Power Station is used.
As for the calorific wvalue, the value given by the Melnik Power Station
and the mean value of 3,680 kcal/kg {air-dry basis) obtained on the six
(6) major kinds of coal are nearly in agreement, so that the mean value
is employed. As for the sulfur content in coal, the data for past 10
years shown in Fig. 4.3-2 are not more than 1.3Z (air—&ry basis), and
it is assumed to be 1.52 (dry basis) because such values given by the

Power Station would be appropriate also for the future.

It should be noted, however, from the results of analysis made on coal
samples that care must be paid to DeSOx reactions and material
corrosions because of the high level of chlorine and fluorine contents

in coal

Operational Range of FGD

Power plants of the Melnik Power Station are usually operated, at both
Part II and Part III, at base load of more than 50Z load, and design

operation ranges of FGDs are assumed to be the same as those of the

power plants as follows:
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(4)

(3

(6)

Part II: 63.6-100% rated load (corresponding to 70-110 MW)
Part TIT: 60.0-1007 rated load (corresponding to 300-500 MW)

Source of Water for FGD

Water for all purposes, such as plant water, condenser cooling water,
bearing cooling water, ash treatment water and water for miscellaneous
use, used at the Melnik Power Station is currently obtained from the
Labe River. Water from the Labe River has no problem as to quality and

it is to be used also for the FGDs.

There are several possible ways to get water, such as the way to branch
the discharge side of the condenser cooling water of Part II and the
way to branch the intake side of the condenser coocling water, but the

water intake facility will be studied at Conceptual Design.

Results of quality analysis made on plant water and discharge water at
the power station by the Study Team on May and July 1992 are shown in
Table 4.3-8.

Method of Waste Water Ttreatment

Waste water from FGD will be discharged to the Labe River if the FGD to
be selected causes waste water. If such is a case, installation of
facilities for removing heavy metals and other components from FGD
waste water will be studied not to affect the water quality and ecology

of the river.

The river water quality standards are shown in Table 4.3-9.

Ash Characteristics

Ash was prepared from coal samples collected at the Melnik Power

Station during the survey made in May and July 1992, and results of

analysis on such ash are shown in Table 4.3-10.



(73

(8)

bust at Electrostatic Precipitator (ESP) Inlet and Outlet

bust concentrations at ESP inlet, obtained from past performance, are

shown below.

110 MW unit: Max. 54.0 gf{m®N, Dry
500 MW unit: Max. 85.0 g/m’n, Dry

It is judged that the dust concentrations at ESP inlet shown above are
consistent with their expected performance at both Part II and Part III
on the grounds that the ESP of Part II were just renewed and that those
at Part IIT are new units installed in the 1980s., It is therefore
determined to use 100 mg/m’y as the dust concentration at ESP outlet for

the design of FGD.
Method of Ash Handling and Ash Disposal Area

The amount of ash generated at the Melnik Power Station is about 2.5
million tons per year, and all ash is made into mixed slurry of flyash
and clinker, and disposed by ash handling pumps to an ash disposal area

which is about 1.5 km away from the Power Statiocn.

The ash disposal area is divided into two to north and south sections
having a total capacity of about 6 million cubic meters. The ash
slurry is currently disposed to the north section, and banking is being
made for the south section. The ash disposal height has been planned
to be GL+210.5 m, and the ash is to reach that height in 1998. The use
of o0ld coal mines, about 150 km from the Power Station, is being
planned as an ash disposal area when the current ash disposal area is
full, and such old coal mines will be used if FGD by-products are to be

disposed.

The ash disposal area has a structure where a bank is made with nearby
s0il (fine sand) for the first mound. Further mounds are made with
disposed ash and soil. The ash disposal area is surrounded by & gutter

to collect water permeated from the ash disposal area. The water

collected in the gutter is reused for spraying on the ash disposal ar-

ea.Water which overflows the ash disposal area after sedimentation is
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discharged to the Labe River. Water from the river is also used for

making up the water for ash treating slurry.

Results of quality analysis of water permeated from the ash disposal

area are shown in Table 4.3-8,
{9) Space of FGD Installation

Fig. 4.3-3 shows a general plan for the space available for FGD instal-
lation. The coal train defreezing tunnel and the warehouse present in

the space should be removed.

Note that the installation space is showing a space available for
installation of major equipment, and a further detailed examination_is
necessary for installation of auxiliary equipment, ducts, pipes and

cables.

As shown in the general plan described above, in addition, a
consideration must be given to duct arrangement because a coal conveyer
is passing through the space for FGD installation, some space is
required for roads for Part ITI1 and an allowance of upper 15 m is

required.,

4.3.3 Unit Prices of Ulililies

Unit prices of utilities as of July 1992, the time of economic comparison of

various FGD methods, are shown in Table 4.3-11.

Exchange rates of Czechoslovak crown (kt¥'s) with other currencies as of July

1992 were as follows:

1 ks = 4.634 yen
1 ks = 0,036 USS
1 k¥s = 0.053 DM



4.3.4  User, Supply Volume and Unit Price of Gypsum

British Gypsum is planning to build a gypsum board factory at a place 1.5 km
from the Power Station, and gypsum produced as-a by-product of the FGD process
is to be supplied to the factory. A basic agreement for supply of gypsum has

already been made. Conditions of supply are as follows:
(1) Unit price : -5 DM (German mark)/ton

(It should be noted that the Melnik Power Station participates, as an
invester, in the operation of the gypsum board factory, and it is

estimated that the negative pricing of gypsum will all be compensated.)

{2) Supply volume: 92,000 tonfyear (All gypsum {dry base) from ?art I1I

is assumed,)

4.3.5 User and Unit Price of Sulfuric Acid

The marketability of sulfuric acid in Czechoslovakia has not yet been studied
and details are not known. There is a comparatively large scale chemical
plant in Spolana-Neratovice not far from Melnik, and sulfuric acid can 59 used
at the plant. In the present economic comparison, the price of sulfuric acid

was set to be zero (0) compensating between sale and disposal.

4.3.6 - Number of Years for Depreciation and Discount Rate

Standard rates of depreciation have been set for each equipment and industries
in Czechoslovakia, but no standard rate hﬁs been set for FGDs. In the present
economic comparison, & case of comparatively similar chemical plant was
applied to the FGD with a linear depreciation rate of 8% and residual value
of zero (0), i.e., the equipment is assumed to be fully depreciated in 12.5

years.

"The discount rate was assumed to be 10Z for economic comparison. .
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Table 4.3-1 The Capacity Factor of Melnik Power Station

{2%}
Actual Planning Data Year of
Part IJHrLit Data in 01*%:;31‘3{ Periodical Average
’ 1991 1992 | 1993 | 1994 | 1995 Inspection
7 30.96 69 66 it 71
il 8 64.37 37 69 70 71
66 3 58
] 63.83 66 63 19 14
10 69.94. 63 61 70 12
I 11 55.86 | 51 59 61 15 60 15 51
(Periodical Inspection shall be carried out;
' once every four years for Part II
and once every five years for Part III.)
Aannual Electricity Output (Mwh} % 100%

* Capacity PFactor =

Total Available Electricity Output (MW) x8,760 h
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Table 4.3-2 Caleulated Flue Gas Specification

itém Unit Value
(13} Melnik IT (1 Unit)

Coal Consumption (as Dry base) t/h 64 .4

0, Concentration Z 8.0

(ESP Outlet, as Dry base)

1,0 Concentration (ESP Outlet) Z 13.0
~ Flue Gas Flow at APH Outlet m’n/h 521,000

(as Wet base) . - :

Flue Gas Flow at APH Outlet miw/h 461,000

{as Dry base)

80, Concentration mgInPN 4,840

{(as 0, =6%. and Dry base)

Plant Efficiency Z 35.01

(2) Melnik III

Coal Consumption (aé Dry base) t/h 283.7

0, Concentration 4 7.5

{ESP Qutlet, as Dry base)}

H,0 Concentration (ESP Outlet) Z 13.4

Flue Gags Flow at APH Outlet mn/h 2,217,000

(as Wet base)

Flue Gas Flow at APH Outlet nPNlh 1,954,000

(as Dry base)

50, Concentration mgIHPN 4,840

{as 0, = 62 and Dry base)

Plant Efficiency b4 36.09
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Table 4.3-3 Catculation of Flue Gas Amount (1/2)

{1) Coal Properties

a. Total molsture (W) 30.2%

b. Carbon [C] 44,227 (DRY)
c. Hydrogen [H] 3.42% (DRY)
d. Nitrogen [N) 0.817 (DRY)
e. Oxygen [0} 12.01%Z (DRY)
£. sulphur [S] 1.5Z (DRY)

(23 Coal Consumption (Fecd)

a. HMelnik II (as Dry) (1 unit) 64.4 tonfh
b. Melnik III (as Dry) : 283.7 ton/h

'(3) Calculation with Theoritical Formula
a. Theoritical air
{8.89x[C}426.7x([H]-[0}/8)+3.33x[5]}

%(100-W) /100x1/100
3.136

A, (m*n/kg-Fuel)

b. Theoritical flue gas

[

G, (m38/kg-Fuel) 0.79xA,+[(1.867x[C]+11.2x[H]+0.8[N]+0.7x[5])

x{(100-W) 100} +(1.264xW)]x1/100

= 3.709
¢. Wet combustion gas
Gw (mn/kg-Fuel) = G +(m-1)xA, m = 21/21-0,
‘Melnik IT 05 = 8.0Z
‘Melnik IIT 0, = 7.5
d. Dry combustion gas
: _ . 0.224 : '
6d (m’n/kg-fuel) = Gw - " ;g [9x[H]x{(100-W)/100}+V]
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Table 4.3-3 Calculation of Flue Gas Amount {2/2)
e. Plant efficiency

nIT = 0.3501
NIII = 0.3609

f. Ceal consumption {as dry base)

Fed(tfh) = 860 x (MW)/n/(calorific value)

g. Coal consumption (as received)

Few(t/h) = Fed x 100/ (100-w)

h. Wet flue gas

Qw (m°N/h) = (Fcw x Gw) x 10°

i. Dry flue gas

Qd (m®u/h) = (Fcw x Gd) x 103

j. Hy0 concentration

Qw
(Qa - 1) x 100 (@)

k. S50, amount

30.2 . 3 B4
100 T ¥ (Fcw x 107) x 39

$0, (kg/h) = ([S]1/100) x (1 -

1. 80, concentration (as dry, 0; = 6Z)
(21-0)

[50,] (mg/m) = SO, x 10%/{Qd x ——0ow"}
(21-6)
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Table 4.3-4 DeSOx Design Value (1/2)

{1) Inlet Condition
item Unit Value
(1) Melnik II (1 Unit)
Flue Gas Amount (as Wet base) miy/h 530,000
80, Concentration - mglnﬁﬁ 4,840
{as 0, = 6% and Dry base)
0, Concentration Z 8.0
(ESP Outlet, as Dry base)}
H,0 Concentration (ESP Qutlet) - 13.0
HCI Concentration mg [mn 19.1
(as 0, = 6% and Dry base)
HF Concentration mg /mN 94.6
{as 0, = 6Z and Dry base)
(2) Melnik IIT :
Flue Gas Amount (as Wet base) m3w/h 2,300,000
50, Concentratijon mg /m’x 4,840
{as O, = 6Z and Dry base)
0, Concentration Z 7.5
(ESP Outlet, as Dry base)
H,0 Concentration (ESP Outlet) 4 13.4
HCI Concentration mg fmN 19.1
{as 0, = 6% and Dry base)
HF Concentration mg /m’n 94.7

(as 0, = 6Z and Dry base)
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Table 4.2-4 DeS0x Design Value (2/2)

(2) Outlet Condition
Item Unit Value
(1) Melnik IT (1 Unit)
Stack Qutlet Temperaiure: °C 100 or more
DeS0x Efficiency {at Stack) Z 70<
{Reference Value)
80, Concentration mg[nﬁﬁ 1,450
(as O, = 6% & dry bhase)
(2) Melnik III
Stack OCutlet Temperature °C 100 or more
DeSOx Efficiency (at Sfack) Z 85<
(Reference Value}
$0, Concentration mg fm’n 720
(as 0; = 6% & dry base)
(3) For 50, Dew Point Consideration
Item Unit Value.
505 Conversion Ratio Z Max 1
(1) Melnik IT (1 Unit)
50, GConcentration mgfn?ﬂ 48. 4
(as 0, = 6% and Dry base) :
H,0 Concentration F4 13.0
(ESP OQutlet)
(2) Melnik IIX
S0, Concentration mg fm’r 48.4
(as 0, = 6% and Dry bhase)
H,0 Concentration Z 13.4

{(ESP Outlet)
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Lot

(1]

(2}
(31

[4]
(5]
(6]
(7}

[8]

(9]

(10}

Table 4.3-5 Calculation of [HC!] and [HF} Conceniration in Flue Gas

Coal Consumption (as Dry base) (t/h)

Chlorine Concentration in Coal (mg/kg)
tanalyzed from the fuel sample)

Fluorine Concentration in Coal (mg/kg)
(analyzed from the fuel sample)

{C1] atomic weight

[F] atomic weight
[HCL] molecﬁiar weight
[HF].ﬁoiecular weight

Flue Gas Flow at APH Outlet
(as Dry base) (m/h)

[HCLl] Arrival Rate from Boiler to De30x

(HF] Arrival Rate from Boiler to DeSOx

{HC1] Concentration (Bdiler outlet)

[HF}

[HCL

(HF]

111 x 103 x [21 x {61/[41
[8]

{11} -

Concentration (Boiler outlet)

(1] x 10® x 131 x [71/51
(8]

f12] =

] Concentration at DeSOx Inlet
(9} x [11}

Céncent;ation at DeSO0x Inlet

[10] x {12]

b - 63

Melnik
IT (4 unit) 111
257.6 283.7
116
587
35.5
19.0
36.5
26.0
1,844,000 1,954,000
6.995
0.950
19.22 19.24
99.60 99.68
19.1 19.1
94.6 94,7



Table 4.3-6 Coai Properties

Item Unit Value
Calorific Value
Alr Dry Base Real fkg 3,680
Dry Base Kcal fkg 4,200
Dry Base MJ kg 17.84
Wet Base (as received) Kealfkg 2,930
Wet Base (as received) MIlkg . 12.27
Total Moisture £ 30.2
Proximate Analysis (Air Dry base)
Inherent Moisture Z 12.4
Volatile Component Z 30.1
Ash ¥4 33.4
Fixed Garbon Z 24.1
Ultimate Analysis _
Carbon Z 44.22
Hydrogen Z 3.42
Oxygen Z 12.01
Nitrogen Z 0.81
Sulfur b4 1.5
Ash Z 38.04
Chlorine mg /kg 1186
Fluorine (Tube Furnace Methbd) 587
(Bomb Method) - mg/ke (185)
Boron - mglkg 43
Grindability HGI 75
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Tahle 4.3-9 River Water Quality Standards

Item Unit Limit Item Unit Limit
G, mg f min. 4 Pb mg f¢ 0.1
BSK " 8 As " 0.1
COD-Mn " 20 Cu " 0.1
COD-Cr " 50 Cr " 0.3
52- " 0.02 crvl t 0.05
pH v 6.0 ~ 9.0 co " 0.1
RL " 1,000 Ni " 0.15
Fe " 2.0 Zn " 0.2
Mn " 0.5 v " 0.1
N-NH," u 2.5 Ag " 0.05
NH, " 0.5 Se " 0.05
N-NO,~ " 0.05 Ba " 2.0
N-NO,~ " 11 Be " 0.001
N-org " 3.0 Aa Bq/¢ 0.5
P " 0.4 Ab " 2.0
ci- " 350 Ra226 " 0.3
50,% " 300 U mg 0.1
Ca " 300 Hq(T) Bq /¢ 5,000
Mg " 200 Sr90+Y90 " 0.5
F- v 1.5 Cs137 " 1.0
FN1 " 0.1 Coli KTJ 200,000
PAL-A " 1.0 Fecoli KTJ/f¢ 40,000
NEL " 0.2 Enko KTJ/¢ 20,000
CN- " 0.2 Bz mg /¢ 0.05
cl, " 0.05 CB » 0.01
EOC1 " 0.025 DCB " 0.001
B " 0.5 PCB ngfe 25
Hg " 0.001 RZP ng/t 50
cd W 0.015

Note: All values are max. limit except for "0,".
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4.4

Study on Combination of Power Planis and FGDs

The study on the combination of FGDs for power plants of the Melnik Power

Station must be conducted from the two viewpoints of technical conditions and

economy of FGDs in considerations of conditions specific to the Melnik Power

Station,

In addition, the capacity of treated gas volume and DeSOx performance of FGDs

to be installed to power plants must be studied to lower the concentration of

50, emission to a level which meets the deSOx efficiency specified by the New

Clean Air Act which is to be enforced from October 1996.

Possible combinations are selected in this Section, and a study is made to

find out which combination is appropriate for the Melnik Power Station.

4.4.1

Study Conditions

Conditions specific to the Melnik Power Station are shown below.

(1)

(2)

(3)

The total de$0x efficiency must be over 707 (equivalent to below 1,450
mg/m in outlet S0, concentration with 1.5Z sulfur content in coal) for
Unit Nos. 7 to 10 of Part II, and over 857 (equivalent to below 720
mglnﬁn in outlet 50, concentration with 1.5% sulfur content in coal) for

Unit No. 11 of Part III.

It should be noted that the emission regulation applies to individual
emission sources (i.e. each boiler), and it is not allowed to employ a
method to achieve an overall deS0x efficiency of the whole Power
Station which would have a satisfactory deS0x efficiency when the whole

Power Station is counted as a power unit.
Spaces available for installation of FGDs are as shown in Fig. 4.3-3,
and the coal train defreezing tunnel and the maintenance house must be

removed for FGD installation of Part IT.

The distance between the existing boiler house and the ESP is only

about 20 m for Unit No. 11 of Part 1II. For Unit Nos. 7 through 10 of
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Part 1I, the distance is only about 7 m including the section of
vertical duct to the ESP, not much space is available. Side views to
the Power Station are shown in Figs. 4.4-1 and 4.4-2 which allow to

understand the boiler house and ESP layouts.

{4) The stacks are of shared type. The No. 3 stack is used by four 110 MW
units, the No. 4 stack by one 500 MW unit, and each of the Nos. 1 and
2 stacks by three 55 MW units.

The technical conditions of FGDs for combination are as follows:

(1) The maximum capacity of FGDs is set to be 300 MW to 700 MW equivalent

from experiences, although it depends on the method.

(2} The maximum deSOx efficiency is on the order of 95%.

4.4.2 Basic Principles

It is generally said that devices show more economic merits when they are
greater in capacity and higher in medularity and efficiency. On the other
hand, a deS0x efficiency specific to each emission source is applied for the
case of the Melnik Power Station, and thus it is necessary basically to
install an FGD for each boiler. For the case of Part IT which has four
emission sources, for example, it is necessary to install an FGD of 70% in
total deSOx efficiency to each emission source, and it is not allowed to
install one FEGD of 94Z in the total deSOx efficiency to each of the three
units and no FGD to one unit although such combination would reduce the total
emission to below the level which would meet the regulation if such scheme

were allowed.

In studying combinations therefore, Part III, of which required deS0x
efficiency is different from others, is unconditionally separated. For Part
II consisting of four units, possible combinations such as the “unit-to-unit"
method where one FGD is installed for each unit, the "shared" method where a
single large-capacity FGD is installed to take care the all four units, and

the "mixed" method which is a certain mixture of the "unit-to-unit" method and
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the "shared® method are examined and a method which is optimum technically and

economically is selected below.

Incorporating the above-mentioned concept and the study conditions discussed

in the previous Paragraph, a method of combination is selected and DeSOx

methods are examined according to the following basic principles below.

(1)

(2)

An FGD of 500 MW equivalent is installed separately for the Unit No. 11
of Part 111 because the wunit is as large as 500 M{¥ in the output

capacity and the deSOx efficiency limit for the unit is different from

. those of other units.

The Absorbent Injection Methods are not Included in the FGD Methods to

- be Examined and Compared.

The absorbent injection methods (limestone injection into furnace
andf/or slaked lime injection into duct) show a deSOx efficiency on the
order of 30 to 40Z only by injection of absorbent into furnace or duct.
For meeting the regulations at Part IT of the Melnik Power Station,
however, the deSOx efficiency of 70Z or more is required when FGDs are
installed with the "unit-to-unit" method for each power plant unit. To
raise the deS0x efficiency to above 70Z, it is necessary to add a

water-spraying reaction tower to each unit in addition to the absorbent

injection method. There is no space available for installation between

the existing boiler house and the duct collector at Part II, and it

would therefore be necessary to install the tower downstream of the
existing ESP. If the tower is installed downstream of the ESP, an ESP
must further be added in downstream of the tower, and the merit of the

absorbent injection method requiring a smaller remodeling would be

lost.

Since required deSOx efficiency for Part III is over 85%, the absorbent

injection methods are not applicable for Part ILII.

The absorbent injection methods should be thus excluded from methods to

be examined and compared.
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{33

(4)

The S$pray-Dryer Method is Considered as a System Having a Secondary

Dust Collector.

A large systems of spray-dryer method equivalent to 200 MW and greater

is made by changing the number of standard’ modular Spray-Dryer

 Absorbers (SDA). At a newly constructed power plant, thé”components

are arranged in the order of primary dust collector, SDA, secondary
(main) dust ceollector, IDF and stack. Such a standérd modular SDA is
about 14 m in diameter. VWhen a primary ESP 1is included, the size
increases to about 20 m. The space available between existing boiler
house and dust collector is only 6.8 m at Part II and 16 m at Part 111,
and it is impossible to install a primary dust collector and an SDA

neither at Part II nor at Part IIT.

It is therefore assumed in studying the possibility of the spray-dryer
method for the Melnik Power Station that the existing ESP is to be used
as the primary dust collector and use the current available space for

installation of the SDA and secondary dust collectors.

The two methods of the "unit-to-unit® method and the "shared" method
are considered for Unit Nos. 7 through 10 because the subsequent duct
after the induced draft fan (IDF) are common to all units. In the
"shared® method, the power units and the FGDs must be coordinated, aﬁd,

in addition, some restrictions might arise on operation of each power

plant unit.

4.4.3 Study items on Combinations

"Combinations" can be classified into Cases I, II and III below in studying

combinations for Part II according to the basic principles of 4.4.2.

addition, there are Subcase A and Subcase B for each of the cases.

In

Study items for such possible combinations are described below. A combination

table of FGDs is shown in Table 4.4-1.



{Case 1}

(Case I1)

(Case I1I)

[Subcase A]

{Subcase B)

To bundle Unit Nos. 7, 8, 9 and 10 and install a single FGD

Only one FGD of 440 MW equivalent is required in this case.
This gives a large scale merit, and the duct work is also the
simplest. The installation of this FGD is the most economical.
Much restrictions arise on operation of the power plant units
of Part 1I, and it is necessary to make the schedule for plant
shutdown common to all units of Nos. 7, 8, ¢ and 10 at the time
of periodical inspection of the power plants as well as of

inspection of the FGD.

To bundle Unit Nos. 7 and 8 and Unit Nos. 9 and 10 and install
two FGDs

Two FGDs of 220 MW equivalént are required in this case. It
requires a larger installation space, and the scale merits are
not as great as that in Case I. The power units are grouped
into two blocks of two unit each, it provides more freedom in

operation.

To install an FGD for each of Unit Nos. 7, 8, 9 and 10

Four FGDs of 110 MW equivalent are required in this case. The
scale merits are the smallest in this case. The duct work
around the stack is also the most complicated in this case.

Operation of each unit is not restricted by each other, and the

operational freedom of power units is the largest in this case.
To treat all flue gas with the deSOx efficiency of 70%

All gas from Part II is treated in this case, and the duct work

is simple even when remodeling is included.

To treat only 82.5% of all flue gas with the deS50x éfficiency
of 852

Flue gas to be tfeated is partial, and the duct work plan will

be - complex inclusive of handliing of existing ducts. The
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economy, on the other hand, improves because the gas volume to

be treated by each FGD is smaller.

The number of possible combinations is 6 with three cases of Cases I, II and

111 and two subcases A and B for each of the cases.

4.4.4 Resulis of Studies on Combination

The following can be said in examining the FGD-related hardware for each case

of the above-mentioned cases:

(1)

{2)

(3)

(4)

The wet type limestone-gypsum method has been used in FGDs for 500 MW
class coal fired power units, and no technical problem is expected in
applying to any of the cases. The difference in the total equipment
cost between Cases I and II, and Cases IT and IIT is on the order of 3

to 4%, causing a scale merit.

A unit system using reactors of up to about 800,000 m’n/h is being
employed in the spray-dryer method, and modular adsorption towers are
used in the dry type activated coke adsorption method. Thus, when
either of these methods is employed, there is no change in scale merits

on the part of the FGD by Cases I, II and III.

Past experiences indicate that the deS0x efficiency of over 70% can be
achieved by any methods other than absorbent injection methods. For
the case of Subcase A, therefore, it is possible to realize any
combinations of power units and FGDs by any methods other than the

absorhent injection methods.

When the wet type limestone-gypsum method is employed, however, it may
be difficult sometimes to achieve stable operation of FGDs at relative-

1y low deSOx efficiencies.

DeSOx efficiencies of over 907 can be attained by the wet type lime-
stone-gypsum method and the dry type activated coke adsorption method.
For the case of the spray-dryer method on the other hand, the optimum

operational range is on the order of 80%Z, but it is technically
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possible to attain a deSOx efficiency of over 90Z. Subcase B can be

also applicable therefore for cases of these three methods.

In addition to the hardware related aspects mentioned above, examination of

the cases from operational aspects results the following:

()

(2)

pPart II is planned to be remodeled, in two phases, into a cogeneration
plant. The time when FGDs are to be installed is different, due to the
plan, between Units Nos. ¢ and 10 and Units Nos. 7 and 8. Case 1 is
not realistic therefore in consideration of the schedule for

installation of FGDs.

The periodical inspection for Part II has been planned to occur for a
single power unit every year to avoid overlaps in shutdown period of
any two units. It is appropriate therefore to avoid overlapped
shutdowns due to a periodical inspection of the FGD. Case IIT is

appropriate to avoid such overlapped shutdowns.

The difference in equipment cost between Cases II and III occurs only
in the case of the wet type limestone-gypsum method. The difference,
however, is as small as 3 to 4%, and it can be said that Case IIT is
the most realistic from the viewpoints of operational effectiveness and

in consideration also of the secondary effects mentioned below.

The secondary effects which are expected with the employment of Case

ITII are as follows:

. The use of FGDs of same type results in economy because design
drawings, production drawings, technical examinations and so forth

‘are commont to all FGDs.

e Spare parts and stock parts for FGDs are common, and the interchan-

geability provides advantages in maintenance of FGDs.

Based on the results of examination made above, Case III-B will be employed

for the wet type limestone-gypsum method, the spray-dryer method and the dry

type activated coke adsorption method for economic comparison for employment
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of FGDs at Part II and discussed in the Section 4.5 with the case of “"four

same type FGDs of 110 MW equivalent.'

As for the FGD for Part IIT, ecOhomic'comparisons will be made for the case

of "one FGD of 500 MW equivalent.”
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4.5 Technical and Economic Comparison of FGD Methods under Evatuation

The seven FGD methods outlined and compared as to thelr technologies in
Section 4.2 are evaluated in this section in reference to the FGD specifica-
tions for the Melnik Power Stétion-set in Section 4.3 and combinations of FGD
and power plant units examined in Section 4.4 to find out an FGD method which

is the optimum for the Melnik Power Station.

4.5.1 Comparison ltems

Technical and economic comparisons were made on the important items listed

helow.
(1) Items of Technical Comparison

a Desulphurisation (DeS0x) performance
b. Dust removal performance

c Technical maturity

d. Operational experiences in commercial plants
e. Reliability

£. Operational characteristics

g. Maintainability

h. By-products

A, Utilities

j» Waste water

k. Stack lining and treated gas reheating
1. Retrofit of existing facilities

m. Space for installation
(2) Ttems of Economic Comparison

Equipment and Installation cost

b. Running cost
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4.5.2

(1)

(2)

Conditions for Technical and Economic Comparison

Basic Conditions

Economic comparisons of the FGD methods are made using values' of

conditions examined for FGD methods in Section 4.3 and assuming the use

of the combinations of "one FGD unit of 500 MW equivalent for Part III"

and "four FGD units of 110 MW equivalent for Part II," which were the

optimal combinations in the study made in Section 4.4.

Method-specific Conditions

1L

Wet Type Limestone-gypsum Processes (Spraying Tower Method and

Jet Bubbling Method)

The gas coming out of the FGD is reheated for protection of
duct and stack lining and prevention of flying of sulfuric

mist.

About 92,000 t/year  (dry base} of by-product gypsum
{equivalent to that produced at Part IIT) is supplied to
the nearby gypsum board factory, and the rest of gypsum is

disposed.

Because of high chlorine content, gypsum, and slurry to be
disposed to a disposal area of non-permeable construction.
The cost for making the disposal area non-permeable (the
cost relating to prevention of permeation of harmful
substances into ground) is therefore included in the

running cost in economic comparison.

The deS0x efficiency is over 85% on 82.3% of flue gas to he
treated for each unit of Part II, and over 852 on the whole

flue pgas to be treated for Part TIT.



2) Spray~dryer Method

a, No treated gas reheating is made because 503 is also mostly

removed for the case of the spray-dryer method.

b. All by-product is disposed to the disposal area of non-
permeable construction because it contains sulfurous gypsum
(Hy80,) and unreacted slaked lime (Ca(0H),) in addition to
gypsum. The cost for making the disposal area of non-
permeable is included in the installation cost as in the

case of the wet type limestone—gypsum method.
c. Necessary amount of lime. is possible to obtain.

d. The deS0x efficiency is over 85Z in treating 82.5% of the
flue gas for each unit of Part II, and over 837 in treating

the whole flue gas for Part III.
3} Activated Coke Method

a. Marketable sulfuric acid (H,S80,) is recovered as a by-prod-
uct. The sulfuric acid thus obtained should be salable,
and the income from the sale of sulfuric acid shall be used

to compensate the treatment cost.
b. Necessary amount of activated coke should be obtainable.
c. The deSOx efficiency is over 85Z on 82.537 of flue gas to be

treated for each unit of Part II, and 857 in treatment of

whole flue gas of the unit for Part TIT.

4.5.3 Methods of Economic Comparison

The economic comparison is made by annual cost determined from equipment and
installation cost and running cost. The comparison is made relative to the
cost of the wet type limestone-gypsum process (100%Z). Each cost is estimated

using the formulas given below.
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(1) Levelized Amnmual Cost of the Bguipment

0.10 % (1+0.10)25

Equipment and Installation cost] x
[ q p ] (1"1'0.10)12'5 -1

(2) Running Cost (a - b)

a. [Hourly consumption of utility] x [Capacity factor] x 8,760 h

% [Unit cost of utility]

b. [Hourly by-product generation] x [Capacity factor] x 8,760 h

x [Unit sales price of by-product]

4.5.4 Results of Comparison

Tables 4.5-1 and 4.5-2 show the results of technical and economic comparisons
of various FGD methods made in considerations of various factors specific to

the Melnik Power Station.
Such results are summarized for each studied FGD method below.

(1) Wet Type Limestone-gypsum Method (Spraying Tower Method or Jet Bubbling
Method)

Either wet type limestone-gypsum method is evaluated to be applicable

to the Melnik Power Station from technical and economic comparisons.

a. The deS0x efficiency of over 957 is attainable. The wet type
limestone-gypsum method is the most superior as to technical
level, number of installations and reliability in consideration
that the number of units which have been used for commercial coal
fired utility boilers is about 200 units for thé case of the
spraying tower method and about 25 units for the case of the jet

bubbling method.
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(2)

The absorbent is limestone which is cheap and economically
superior. Limestone is available from the Certovy-Sohody mine
about 50 km from the Power Station and can be carried to the

Power Station on railroad.

The equipment can be installed at the FGD installation space

shovm in Fig. 4.3-3,

A top view and a side view of an equipment layout of the spraying
tower method are shown in Figs. 4.5-1 and 4.5-2, respectively,
and those of the jet bubbling method are shown in Figs. 4.5-3 and
4.5-4, respectively. Either of these layout shows the case of
one 500 MW class FGD unit of 85 in deS0x efficiency and four
110 MW class FGD units of 707 in deSOx efficiency representing
the optimum combinations of power units and FGDs discussed in

Section 4.4.

This method is advantaged in the economic comparison from the

viewpoint of the operation cost shown in Table 4.5-2.

Considerations must be given to handling of waste water and by-

product gypsum because of the use of coal which is high in

chlorine and fluorine contents.

.~ The grain size of limestone which is available to purchase is in

the range of 22.5 to 80 mm, and a mill system is required for

making limestone slurry (of particle sizes of not more than 43

pm) .

Semi-dry Method (Spray Dryer Method)

The technical comparison indicates that this method is adequate and

applicable to the Melnik Power Statiom.

The deSOx'éfficiency of up to about 90% is attained by the spray
dryer_method. A large number of FGDs of this method are being
used at coal fired power plants, and technologies of the method

have been established to be a commercially viable level. In
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(3)

addition, the reliability of this method is as high as the wet

type limestone-gypsum methods.

b. A plan view and a side view of an equipment layout are shown in
Figs. 4.5-5 and 4.5-6, respectively. The layout shows the case
of one 500 MW class FGD unit of 85 in deSO0x efficiency and four
110 MW class FGD units of 707 in deSOx efficiency representing
the optimum combinations of power units and FGDs discussed in

Section 4.4.

c. The equipment cost of the FGD is relatively low, and it provides

an economic advantage in equipment depreciation expense.

d. The spray dryer method requires the use of lime, which is more
expensive relative to limestone, as absorbent. According to the
survey made in Czech Republic, the price is 1,012 kcs/ton
inclusive of transportation for lime and 130 kcs/ton for
limestone. Lime therefore is about 7 times as expensive as
limestone in consideration of the molar ratio of Ca/$S which must

be taken into account for removal of same amount of 50,.

On the other hand, the by-product of the spray.dryer method is a
mixture of gypsum, slaked lime and coal ash. The amount of by-
product to be disposed is about 115% of that produced by wet
methods. The disposal area for such by-product must be that
controlled by sheet curing in consideration of the by-product

characteristics and the laws on disposal of industrial wastes.

The spray dryer method is disadvantaged in economy therefore from

the viewpoint of the operation cost.
Dry Methods (Activated Coke Adsorption Methed)
The cases of the use of this method are very few. Three plants are
operating commercially, and the technology has been established for

commercial use. A plan view and a side view of equipment layout are

shown in Fig. 4.5-7 and 4.5-8, respectively. The method, however, is

4 - 99



considered inappropriate for the Melnik Power Station by the following

reasons:

a,

Activated coke used as adsorbent is hard to obtain

No activated coke suitable for use for FGDs is currently produced
in Czechoslovakia. When all FGDs for Melnik Power Station are of
the activated coke adsorption method, the annual activated coke
reqﬁirement will be 12,900 tons. In Poland, about 1,500 tons of
activated coke suitable for FGDs are produced annually for water
treatment and other industrial use. In Germany, in addition,
several tens of thousand tons of activated coke are produced

annually.

Activated coke produced in Poland is economical du to the cheaper
price, but inadequate in quantity. Activated coke produced in
Germany may be adequate in quantity, but it is hardly economical
due to the price which is on the order of 2,000 DM/ton in
maximum. It shouid be noted that the amount of activated coke

required for initial charge would be about 9,900 tons if all FGDs

. of the Melnik Power Station employ the activated coke adsorption

method.
Problems are apprehended in by-product treatment

When sulfuric acid is recovered as a by-product, the amount of
sulfuric acid recovered at Part IT and Part III will be as much
as about 470 tons per day, and problems will arise in its
storage, trénqurtation and sale. The coal used at the Melnik
Power Station is high in chlorine and fluorine contents, and the
flue gas is also high in hydrogen chlorine and hydrogen fluorine
concentration. It therefore becomes necessary, in recovering
sulfuric acid, to purify sulfuric acid. In addition, waste water
from FGDs will also be high in chlorine and fluorine
concentration, and it will become necessary to consider methods

of waste water treatment.
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It can be said, from the results of examination of wvarious FGD systems

discussed above, that the wet type limestone-gypsum method or the spray dryer

method is applicable to both Part II and Part III of the Melnik Power Station

from the viewpoints of both technical and economic comparisons.

To determine the best FGD method from those of two methods, it is necessary

to make a comprehensive decision not only from comparisons on current aspects

but also from future expectations, and examinations are made on the points

depicted below.

(1) Additional Examination on the Aspect of Economic Comparison

The prevailing prices in Czechoslovakia at present are distorted
in comparison with standard prices (International market prices)
in former West FEuropean countries. As the country moves into
market economy in line with the ®"Scenarios for Economic Reform,”
however, the prevailing prices will get close to the
international market prices, and it is certain that utility costs
will increase from their costs as of July 1992. Actual
differences in running costs between wet limestone gypsum method
and spray-dryer method therefore tend to get larger. When
standard prices in former West European countries are used in
place of the prevailing prices for a try, the wet type limestone-
gypsum method gets more advantageous than the spray dryer method

as shown in parentheses in Table 4.5-2.

The annual cost is the sum of the depreciation cost and the
running cost for the period of equipment depreciation (12.3
years). The usual life period of equipment is on the order of 30
years, and the annual cost consists only of the running cost for
the remaining 17.5 years, and this makes the wet type limestone-

gypsum method more advantageous.

It should be noted that both Part IT and Part III are likely to
be operating for the next 20 to 30 years in consideration of Part
I1I which started operation in 1981 and are the largest and

latest power plant in Czechoslovakia, and Part II for which
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