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‘Qutline of the Study

Study items of the Investigation of the Feasibility Study on Flue Gas
Desulphurisation of the Kozienice Power Plant of the Repubiic of Poland were

as follows:

lst Stage

(1) Collection and analysis of data related to the Feasibility Study

(2) Determination of the level of'sulphur oxide emission of the Power
Plant, and environmental assessment based on the level of sulphur oxide
emission of the Power Plant

(3) Technical evaluations and economic comparison for selection of the

optimum flue gas desulphurisation method and equipment for the Power

Plant
2nd Siage
(1) Additional investigation of the lst stage field survey
{(2) Conceptual design of DeSOx syétem
(3} Pfojebt implementation programme
3ra Stage
(1) Calculation of new tariff necessitated by introduction of DeS80x system
.(2) Benefit from intfoduction of De80x system
(3) Socioceconomic effects by'introduction of DeS0x system

Thé_Koziénice'Power'Plant has made the agreement with Radom Prefecture to

‘reduce the hourly maximum sulphur oxide emission of 26,648 kg/h at present to



7,995 kg/h by the end of 1997, It has reacﬁed a coﬁclusion that it is most
appropriate, to meet the agreement, to install three 500-MW class flue gas
desulphurisers (FGD Units) of wet type limestone-gypsum method, which achieves
the desulphurisation efficiency of 89%, to treat the flue gas from power
plants corresponding to 1,500 MW of the 2,600 MW total output of the Power
Plant.

Another conclus10n, as to the power generatlon plants for which FGDs are
installed, is that it is most sultable to 1nstall TEwt FGD -Units of ths
efficiency and capacity described above for Unit No. 4.through Unit No. 8
(200-MW x 5) power plants which are all using the.No. 2 Stack and one FGD Unit
of the same type for No. 9 (500-MW) power generation plaﬁt which is using the
No. 3 Stack.

Based on the above study conclusion of the optimum DeSOx system and
combination of DeSOx system installed and power generation plants, a
conceptual design of DeSOx system was carried out at the 2nd stage with

further data and information collection by doing 2nd stage field survey.

Furthermore, a study on the project implementation programme was made as the

2nd stage study.

The study suggests that it is necessary to make an order of the DeSOx
equipment by around the end of May in 1994 and to start the erection by around
the end of May in 1995 in order to put into DeS50x system commercial operation

from the 1st of January, 1998.

An estimation of the project cost as of the 1st of March, 1991 was 185,404,000
uss.

1f the figure is converted into unit cost per kW, it is 123.6 U§/[kW.

Diffusions of sulphur oxides emissions of the Power Plant after installation
of FGD Units were calculated as a part of the environmental assessment, and
it reached a conclusion that the sulphur oxlde level at the point of maximum

sulphur .oxide concentration would be well below the environmental standard to



be applied to the environment of the neighborhood of the Kozienice Power

Plant.

Tariff is calculated based on the annual cost including interest during
construction. As a result of this calculation, 33 to 41 2ZL/kWh additional

burden in tariff is estimated.

For the economic evaluation, reconstruction of boilers into natural gas firing

which has the same reduction of 50, effect as this project was chosen.

According to this economic evaluation, this project is much superior to the
partial reconstruction of the boilers into natural gas firing which has the

same S50, reduction effect in terms of cost.

Following are analysis on introduction of DeSOx system in Polish power plants

based on above analyses.

(1) Economic extension and increase in employment attributable to increase

in investment.
{(2) Absorbable effect‘on energy tariff
(3) Increase in export
Poland is alreédy industrialized. In this project, local procurement shall
be éxtended  as much as possible so that technology can Dbe absorbed
~aggressively. As & conseQuence, Poland will be able to export DeS0x
equipments to néighbor countries by taking advantage of both its comparatively

cheap labor cost and such technology.

‘What described in respective chapters are outlined below.



1. Socioeconomic Background and Current Status of Etectric Utility Industry

Social reforms based on liberalization, privatization and open policies and
economic assistance of western countries based on the agreement of G24 are
going on in Poland, but the economic outlook of Poland is still severe due to
inflation coming from the vicious cycle of rises in consumer prices and

salaries and stagnant industrial production.

The Republic of Poland is the biggest coal-producing country in Europe, but
it is not enough to meet her energy demands beéause of the cold weather and
her highly energy-consuming industrial structure including her low energy
utilization efficiency as represented by her énergy éonsumptidn per unit GNP
which is twice as high as that in western countries, and she is an importer

of primary energy.

The Ministry of Industry proposed, in August 1990, a scenario, on.long-term
prospect of energy supply and demand, of 1) Promotion of electrification, 2)
Reduction of dependence on ccoal and brown ceoal shifting to petroleum and
natural gas and 3) Use of atomic energy from year 2000, in view of promotion
of energy saving and in harmony with environmental protéction, based on the
"Directions of Energy Policies for 1990 to 2010" which was formulated with

cooperation of the World Bank, OECD-IEA and the Government of France.

As for the electric utility system in the Republic of Poland, the direct
governmental control is being reviewed to reorganize it to have completely
independent generation and distribution sectors. The organization would
mediate with an electric power network company and be based completely on

market principles, but such reorganization is yet to occur.

The Kozienice Power Plant, which is located at 75 km south of Warsaw, is a
large-scale coal fired power station having a generation capacity of 2600 MW,
which corresponds to about 10Z of the total generation capacity of whole
Poland. With 3,400 employees, the Power Plant .is managéd' by the
self-supporting system where necessary costs are covered hy the income from
the wholesale of electricity. The income was about one trillion ZL (about 15
biilion yen) in 1990, and the unit electricity rate is on the order of 187 ZIL

{2.55 yen) per kWh.



In Table 1-1, history of Kozienlce Power Plant and in Table 1-2, specification

of major equipment of the Power Plant are shown.

The policy of environmental protection is being promoted in the Republic of
Poland. FEnvirommental standards have been set in addition to regulations on
sulphur oxide and other emissions for the purpose of achieving targeted
reduction of nationwide levels of sulphur oxide and other emissions, and it
is becoming necessary for the Kozienice Power Plant to take actions for

meeting such standards and regulations.

In Table 1-3, Emission and Ambient Air Quality Standards in Poland legislated

in 1990 is shown.

2, Description of DeSOx System Project Site

The Kozienice Power Plant, located on the left shore of the Vistula (Wisla)
River, is 12 km north of the city of Kozienice and 75 km south of Warsaw, and

roads and railways from the two cities to the Power Plant are in good order.

The weather in the Republic of Poland is generally unstable under the
influence of the oceanic climate of western Europe and the continental climate
of eastern Europe, and is cold except the summer. The precipitation is low

with an annual precipitation of about 500 mm.

It is said that about 90%Z of the land is flat, and the Power Plant is located

in a vast flat area of forests and farms.

The geclogy around the Power Plant consists of a quatermary river deposit and

an underlying tertiary layer.



Table 1-1 History of Kozienice Power Station

Phase Unit Qutput Start of Date of
Number Construction Commissioning
1 200My ©1972.10.18
2 200MW 1973, 3.10
3 200MW 1973. 6.20
I 1970.3.1 :
4 200MW | 1975.10.08
5 200MY _ 1973.12.10
6 200MW ' 1974, 5.28
7 200MW 1974.10.18
II 1972.8.1 _
8 200MW 1974.12.24
9 SOOMW | 1978.12. 4
111 1974.7.1 :
10 500MW . 1979,11.30




Table 1-2  Qutline of Kozienice Power Station

Item

Qutline of Facilities

1. Hajor Equipment

(1) unit OQutput

(2) Bailer
Type
'Maximum Evaporation
Firing System
Fuel System
Mill Type

{3) Turbine

Type

Speed
Main Steam Pressure
" Main Steam Temperature
Reheat Steam Temperafure
(4) Generator
Capacity
Vo]tégelFrpquency

Cogling System
(5) Environmental Facility

(6) Stack

Ho. 1 - Ho. 8 Units

200 MY

Drum typ@._na{ural
circulation type

650 T/M
Frant firing systeh
Pulverized coél'(Hard coal)

Ball mill

Tanden, reheat, condenser,
3-casing type

3,000 rpm
130 kg/cng
535 °C

535 °C

235.2 MVA
15.75 kV/50 Hz

Sfatorﬁ water .
fotor: hydrogen

Electrostatic precipitator

1 stack each for No. 1 -
Ho. 3 units and No. 4 -
No., 8 units -~ |

2006 .m high

No. 9, 10 Units

500 MW

Drum type,. forced
circulation type

1,650 T/
Corner firing system
Putverized coal (Hard coal)

Roller mill

Tandem, reneat, condenser,
4.casing type

3,000 vpm
166 kg/cng
535 °C
535 °C

588 MVA
20 kv/50 Hz

Stator: water
Rotor: hydrogen

Electrostatic precipitator

1 stack for Ho. 9, 10 units

300 m high

2. Condenser Cooling Hater

Taken from Vistula River to the north of plant.

3. Coal Yard

‘Outdoof storage system, 5 piles used by all units,

transported to coal yard by rail.

4. Ash Disposa? Site

Ash slurrg transgorted by pipeline to a site 3 km to the
e .

vest of the plan
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3. Selection of the Optimum DeSOx System

The Kozienice Power Plant is located close to a nature conservation area and
other protected area and designated as & special regulated area. Because of
that the discussion for setting stricter regulations has been made betwaen the

local authority of Radom prefecture and the Power Plant.

As a result, both parties have made mutual consent on these figures and made

agreement in August 1991.

These agreed figures:consist of two stages, namely figures for those valid by

the end of 1997 and for those walid from the beginning of 1998.
According to the agreement, 50, emission from the Power Plant will be reduced
to 302 of the present maximum $0, emission amount from January of 1998 by

installing DeS0x system,

Therefore, selection of optimum DeSOx system for the Kozienice Power Plant is

made in this report in accordance with the agreement.

The selection of the optimum DeS50x system is made according to a flow sheet

showing in Fig. 3-1.

Seven FGD methods, listed below, which would be possibly applicable to the
Kozienice Power Plant were selected and their technologies were compared for
the purpose of selecting the most suitable FGD method for the Kozienice Power
Plant.

<Wet methods>

(1) Limestone~gypsum method - Spray tower method
(2) Limestone-gypsum method - Jet bubbling method

<Semi-dry methods>

{3) Spray dryer method

_“9_



- <Dry methods>
(4) Activated carbon method
(5) Coal ash-using dry FGD method
(6) - Simple FGD method - Dry absorbent injection into furnace

(7) Simple FGD method - Dry absorbent injection into duct

Process flow sheets of these seven methods are shown in Fig. 3-2 to 8.



Available
DeS0x System

Selection of Possible Determination of Conditions
DeS0x System for the Kozienice P.S. for the Study

General Technical Comparison

The Study of
the Combiration

Overall Technical and Economical
Evaluation '

The Optimum DeSOx System for the Kozienice P.S.

Fig. 3-1 Selection Flow of the Optimum DeSOx System

S I
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BOILER
S|

Z" ' REACTOR

( FLUE GAS l__;l

e

ASH + WASTE MATERIAL

Fig. 3.7 - PROCESS FLOW OF
Dry Absorbent Furnace Injection System

LIME ]

BOILER
: !

SN ' REACTOR

( - FLUE GAS -

FE
ASH+ WASTE MATERIAL
 Fig. 3-8 - PROCESS FLOW OF

Dry Absorbent Duct Injection System



Conditions for the study on these methods are as follows.

(1)

(2)

(3}

(4)

Plant Utilization Factor

a. 200 MW Plants 57% (Equivalent to 5,000 hours

operation at rated output)

b. 500 MW Plants 57% (Equivélent to 5,000 hours

operation at rated output)
Plant Thermal Efficiency

a. 200 MW Plants 36,72 (Average of 1990°'s figures

of 8 plants from the power station)

b. 500 MW Plants 36.1%7 (Average of 1990's figures of

2 plants from the power staticn)
Minimum Continuous Operation Load

a. 200 MW Plants 140 MW
b. 500 MW Plants 250 MW

50; Emission Amount and Regulation

As for S0, emission régulation from January 1, 1998 it will be 7,995

kg/h regulated as the total emission from the power plant.

50, emission amounts from each boiler for this study are determined as

follows:

a. Boiler without FGD
200 MW plant 1,119 kp/h
500 MW plant 2,851 kgfh



(5)

{6)

(7)

(8)

(9

(Above figures are the same as those for agreed emission amount

by December 31, 1991.)
b. Boiler with FGD

200 MW plant 2,035 kg/h
500 MW plant 5,184 kg/h

(Above figures are the same as those of maximum S0, emission at

the present.)
Operation range of DeSOx syStem
50 to 100Z of rated output
Response to Power Plant Load Change

Response rate of DeSOx system to power plant load change is set at 2%

of rated output per minute at a range of 507 to 100% rated output.
Water Source for DeSOx System

Water for DeSOx system will be taken from Vistula River which water

quality is usable for DeS0x system.

Inlg? and Outlet Conditiogs of FGD

In Table 3-1, inlet ahd outlet conditions of FGD is shown.
Coal Properties

In Table 3-2, coal pfoperties for the study is shown.

Analysis results of coals which were obtained during the first site

-gurvey are shown in Table 3-3.
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Table 3-2  Coal Property
Item Unit Value Remarks
(1) As Received Base
. Total Moisture F4 10.7
. Moisture z 8.4
. Heating Value kcal kg 4,460 (LHV)
Sulphur Content Z 0.96
. Ash Content b4 27.85
(2) Proximate Analysis
. Inherent Moisture 2 2.5
. Ash Content | 4 30.4
. Volatile Matter Z 26.1
. Fixed Carbon 2 41.0
{(3) Ultimate Analysis
Carbon z 54.9
. Hydrogen Z 3.7
. Nitrogen z 0.9
. Oxygen F4 8.2
Sulphur z 1.1
. Ash Content Z 31.2
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(10)

(11)

(12)

(13)

(14)

(13)

b, 500 MW plants inlet

Electrostatic Precipitator (ESP) Inlet and Outlet Dust Load

c. ESP outlet dust for DeSOx design
Powdered Limestone Property

a. Purity CaC0; 94% or more
b. Grain size 325 mesh pass 95Z or more

Area for DeSOx System Installation

In Fig. 3-9, 'a ground plane of usable space

installation is shown.

Unit Price of Utilities

for

a. 200 MW plants'inlet : 30.7 g/m’N, Dry
30.7 g/m°N, Dry
300 mg/m’N, Dry

DeS0x

system

In Table 3-4, unit prices of utilities as of 1991 which are used for

the economic comparison of each DeSOx system are shown.

The exchange rates between Poland zloty, Japanese yen, and American

dollar as of March 1991 are as follows.

1 ZL = 0.014 Yen
1U$ = 9,500 z}
1 U$ = 135 Yen

Unit Price of By-products

a. Gypsum . 35,000 to 45,000 ZL/ton

b. Sulphuric Acid 1,100 ZL/kg
Deterioration Rate and Interest

a. Deterioration Rate

b. Interest Rate : 5%

12 years (with no value at the end)
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Comparison for combination between power generation plants and FGD units is

shown in Table 3-5 (1) and (2).

Before the study of the above, simplified FGD methods are excluded from FGD

methods to be examined and compared by the following reasons:

The DeSOx efficiency of the simplified FGD methods are on the order of 30 to
407 when absorbent is blown intc the furnace or duct. To meet the emission
standards of the Kozienice Power Plant, however, the DeSOx efficiency of 70%
is required even when an FGD Unit is installed to each power generation unit
by the "unit-to-unit" method. To attain a DeBSOx efficiency of over 70Z while
using a simplified FGD method, it would be necessary to further install a
DeSOx tower (water spraying reaction tower) between the existing boiler house
and the dust collector. The size of a DeSOx tower is about 12 m in diameter,
and no space for such installation is available, at the Kozienice Power Plant,

between the existing boiler house and the dust collector

Table 3-6 (1) and (2}, technical comparison of various FGD system is shown and

in Table 3-7, cost comparison of those for three 500 MW class FGD is shown.

It reached a conclusion after examination that the optimum FGD method for the
Kozienice Power Plant is either of the wet type limestone-gypsum methods and
the most suitable combination is to install two 500-MW equivalent FGD Units
of 897 in desulphurisation (DeS0x) efficiency to treat the flue gas of No. 4
through.No. 8, (200-MW x 5) power plants of 1,000 MW in total generating
capacity and one FGD Unit of same capacity and efficiency to treat flue gas
of No. 9, (500-MW) power plant. The conclusion therefore was that it is the

best to install three FGD Units same in type and capacity.

The wet type limestone-gypsum methods include the two methods 6f'the spray
tower method and the jet bubbling method. Differences were 1i£t1e between the
two methods in their technical and economic comparisons made in the current
stage of the Feasibility Study, and either method can be applicable to the

Kozienice Power Plant.

Differences are little between the spray tower method and the jet bubblihg

method in their basic principles of flue gas désulphurisation. The only -



difference is in the method of contacting the absorbing liquid and flue gas
for absorption of sulphur‘oxides.(SOx). such contact is achieved by spraying
the absorbing liquid by slurry circulation pumps in the spray tower method and
by blowing flue gas into the absorbing'liquid by desulphuriser fans in the jet
bubbling method.

In Fig., 3-10 to 13, layouts and process flow sheets of these two systems are

shown.

Tt was concluded in this Feasibility Study that either of the spray tower
method and the jet bubbling method can be applicable to the Kozienice Power
Planf. In order to carry out a conceptual design of.the most suitable FGD
method, it has been decided to proceed with the study on the assumption of the
use of the spray tower method which has been employed more for 500-MW class

FGD Units and much operational experiences have been accumulated.



U9 ALADS HW UL S3UR|A-X0SRQ o Alidedes sue { ) up SsnBl4 v

peg ¥ (s3ueld e 00§) 4/B%-$8T°s ‘(saueld MW goz) 4/BY 6£0°2 094 414 SIURld =
died @ (saueid MW 00S) u/BY 1§8°2 “(saueld Mk pCZ) U/B% BIT'T . . 094.3DONILM SIUBR(4 » .
pooy 0 1S4a| L0 WoL) Iuncue 20g T
1A [90XT @ y/6% G86°L ruoissiw] tpg uo _.._o.ﬂfsmmm. =T
LBl 615 615 gy o gub 8111 6TT'1 BIT'1 5IT'T 6111 {u/5%) - uopssuz Yo
o o 06 06 8! g! 8L - - - - - (%) " 343 %psag
007 201 001 001 00T - - - - - (%) X052Q yBrouyy seg anid |
(Mi003) | (mwoos) (KW00Z) | (MHOOZ) | (MW00Z) _ 3 2593
864 515 615 902 02 185 51T'1 BI1'1 611°1 61%°1 SI1°1 {u/0%) voissiug Cos
o v 06 05 05 0§ 06 - - - - - (%) "443 X053Q
001 001 001 001 03 - - - - - (%) . ¥gseg ubnouyy sep anid
{Mdocs) | (MWoOS) (MW00Z) | (Wo0z) T (MMoZT) g 352)
dosise 515 615 702 0z [E6 BTT T 611°1 6111 6I1'T 611°1 {4/64) . votssiwg Zog
. . 06 06 06 06 vg - - - - - (%) o 443 0580
001 00T 00t 001 0ot - - - - - (%) ¥0S3Q UBnOJu3 59 Ani |
(WW00S) | (MWDOSY | (MW00Z) ! {MH0DZ) | {MH00Z) 3 ase)
£86° ¢ AARN Zi1'1 2tb 59y 09t 0ob 09 BIT' BIT'T BIL'1 {u/By) ﬁo_mmwgu o8
. . 06 06 06 05 06 06 06 - - - (%) 7343 X058
98 98 18 98 98 98 98 - - - () . _____X0seQ 4bnouyy seg ani4 |
(uHogy) | Cawoew) -1 (ezer) | Owlzet) | Omzcn) b (wedn) {MWZLT) g 8523
18 op’T - | oovTl gy | gub BbrY 8y 8ty 6111 611°1 5T1'T (u/5%) - uotssiwg %gg
v - 8l 8. 8! -7 8¢ B2 8¢ - - - {%) *133 %088q
201 001 001 001 001 0ot 001 - - - | (&) xoseg ybnoauy sy enig |
{#00s) | (KHO0S) (M400Z) | (MW0OZ) | {MWODZ) | (MW002) | (KWOGZ) ¥ 352
aedg | 3590 opssig | 0T 0L | 5O BUON | LCON | 8O | SN | pok | e | gew [Ty
udigenea3 Hmmmh g ol ¥oe3s 7 'ON %5035 1ol yoe1s
g ijueiuco anyding

% 96
Ex/reoy pop'y :

0
aniep L31d01) (BOD

HONBIIRISU| SIUEBld XOS9( JO UoHeuIqWoy

(1) s-¢ ajgey.



juaiealnba Wy Ut sjueld X0SaQ 4o Anroeded ode () ur saunbiy e

peg ¥ (saue(d M4 00G) u/B p8T'S '(sauerd i 00z) u/BY SE0'2 094 Yita syuelq -
dieg 9 (saue|d MW 005) u/B% TS8°Z '(s3ueid MW 00Z) u/Bd BII'Y 094 NOYILM SHUR|J +
pcog e . 1542 tog wody juncwe Zgg 2z
PUCINE R u/B% 55674 uotssiwd Tog ue veige(nbay T a0
66874 |158°2 145 095 09§ 6TT'T BT SIT°T |(y/B%) uorsstug Tog
R o - 68 68 £8 - - - (%} "113 %089
- 501 001 oot - - - s X058 Ybnodyy s2g anjy
) {KM0DS) (HW00S) {M400S) {hDoS) % 85e3
058 ISTh 5Ty L0p 8161 BLL'1 BIT'I BTI'T BIT'T |(u/B4) uosssiuz %oy
. . : 28 b 25 - - - - - ) "33 x0Sag
001 o0t 001 . - - - - () 0530 ubnodys seg anid
(H4006) {KH00G) (HH00%) r ase)
18674 {9921 615 119 EIT'T 6111 6111 6111 uolssiul fgg
. . 08 06 08 - - - - *433 0580
v 001 001 - - - - __¥0S30 ybriosyl sey any 4
{FR0O0S) {HHO0S ) (H4008) 1 ase)
L 2E6°L 1992°1 B1s 0z 62 1oz 611'1 511°1 6111 611°1 BIE'T |(u/B%) uotsstul %ps
o Y 06 06 08 06 06 - - - - - ) _ "$43 X0830
vB oot 06t 001 001 - - - - - Hw) X520 ybnouy3 sey an|J
(HHO0E) (HW005) (MW00Z) (Mu002) (MH00Z) R 9se)
6L (521 15 ¥z 02 02 61T 6TT'Y BIT'T BIT'T 1 BTT'T [(u/Bx) uot sz -3
o < ¢ o6 06 08 08 - - - - - (% . T TH3 xpsen
001 001 007 001 60T - - - - - (%} xgsag yBnoayl sey anl g
(#4008} { K008 ) {H10c2) {Mu00z) {HHo0Z) _ 5 ase)
L6t l6lS 616 PrE'T 6IT'T BTT'T 811°T SIT'1 | 6IT'T [(u/By) uorssiug ng
o o 06 06 84 - - - - - (%) "413 %0580
o0t a0t 001 - - - - = =) *0seq ybnoays sey anid
(HHCOS) | {AWDOS) {M09) 49589
. ..Mwﬁm_m | ¥59 A 0T "on § ‘ol g "on A g “oN SO | bOW | ECON | 7o 1 *oK
Lssiug
uorsenieay | Loy pe3eg § 'Ok AoEI§ 2 "ON ¥E1g “TUON 3Ie3§
% 06°0 :jusiuo? Jdnyd|ng

Bu/120% 02y°y :9niRA Dijid0(B) [RO]

ucie|RiSy| SjuBld X0Saq Jo uoneuwquoyd  (2) s elqel



{2861 4ex 7o se sauetd peuneld BuTpniour} ‘G67 hmn ut v Aq peustiqnd weoqpuey (oI UT S9AnETI

"T66T USIER
uT uvoraerado oiuy
and ses auetd xQgaq

«aueTd aamod

PRITI-TEOD HMWOSE

30 FTEY ¢ 1oy iuweld

ImeyeATnb2 MHGLT

2 §T 239y ‘aueTtd
TEFIIOWIOD B SY »

JueTd 1

TGEGT
ATl uT ucjierade ut
B8Q 02 PIIRPIYDS ST
yotys Butuuerd ispun
§T '19710q UCTISTQUOD
Paq pITTPOI}

#HogE ' xoy Jueld ¥ .

ruotaesade xapun

1 sueTd ausleaTInba
MRDET Fo uoTaEsTIade
3593%1q eyg

sgauzid

zeMod PoORII-TEOD

o1 suorievridde
5 2aB DIBYY,

‘EOTIGmY g £93E¥lg

Pa3Tuf] eya pue

adoang ut A1TEToedss

zeTndod &%

wensds zeizp feids
oya o uoTiedtyddy .

ssauetd: 2sned. palTy

~TEO0D 03 5D MH0OS
PO MHOGE To sawerd

@Teds B7q Buppnidut

suotleoTidde

€G- 8ae XYY

TG66T dunf

vt uwotaeiado Ul 8q
TTI# PUR PIIDNIISUOD
3uteq $1 aveld
aueTeaTbe MNGOL
cavasead 8yl 3y

o vsjued
MHOSZ OM3 BIE axdYl
‘wergezade utr saveld

_asadBtq g3 sy

rsaueld Ismod paxty
TB00 03 suoijesiidde
UIAS IXT. AAIYL
‘1661 LInp Jo sy

ruptaezads

uT puE paTTeRsuUT

‘uzeq. saey saueld zomod
POATF-TLOO IO SSBTD
MI00L PUT MHOCS ‘MIOSE
30 saueyd atess By
Bupnrout sjuzrd Lusy

sjuetd
PeITF-TECD TETOIaWWOD UT

*BICBYLL £C xSIUETY £ *SAUBT COE asustzadxs Tewoyaeasdg 4
«Butyevasdo
-ZaTiezado usay weaq aavy sjuetd
sz queld TETIIOTIOD € | TRTILITWOD TeIDAS Pue 2SR TETDISMMOT 10}
ue paysTuly ses auztd poysTuUTy oxaM saumeTd £ZoTorysal usaczd ® s® .
UWOTIBINSUOMOP B UT 353f | UCIILINSUOWBP UT $ISVT 1397 24Ul ST 9WES, 3130% 24l sE dweg pazTudooet WA SEY 3T AlTanagH TEOTULDAL M
(Vs Z@3I€ J0329TTOD
250 WITHA UOTIBUIQWOT)
08 "®2 06 =2 06 "ED 06 *¥D 06 "®) Avuatotzzg Teacmey 3sng ‘Z
(e3uex uotaezado
Teoroexd 32 -3IF)
05 "B 06 el 06 ~ 08 "ED 06 "D 06 °®D AouaToT3Ig TRACWIY XQS "1
2084I0SqY pogsep Surigqug-aar pouasy ency Leads
DOYIBK

Jo axed % se ysmLYg
Butsn poyITK X0seq

uoqaey POIBATIOV

poyasR zediig Leadg

POY3ay uwnsdidn-auoisam]

adfy Lag

2dLy 4Lig-mmes

ad4dy, asp

wa3y

{'s'd eowRizoy o} uoneanddy uc peseg) wWelsAs ucnesunydinsag sew anpd SNOUEA JO LosLECWOD [BIILY2D Y,

(:) 9-€ 21qeL

— 30—



“ma3s4is Tesodsip yse
BuTisT®e 01 IBTTRIS
uoTr2aIzedsUL] AZanTs
Ag puod Ys® w2 ‘pued Yse ay2
o2 TESOASTIP UD paseq o3 Tesodsip U paseq
epEl SEm UOTIEATEAS 3PTI SEM UOTITNTEAD $TEDTWOUOIS
‘avetd zemod ‘quetd xamed 820t 5T Lrsacoel
3DTLATZOY JO 9FED UT e r4zsnovax DPIOE @DTUAIZOY IO ISED UL - unsd43 ou szozsaena
sranydins uo pesEq {#0T $T seTac3ve]
-{zs zapun 2DEW SEM UOTIBNTEAS s fen TopuUn arewad a® 227ad mnsd48
57 as5n BATIOEIIA fauetd aesed ST 35N 241300332 pue auetd Jesod oyl
Z0F yoIwesay « | DOTUSTZOY FO osed ul 26F ydieasay < punox? pivoq wnsd4R
2I0J 318Mx¥m ou ST I8yl
zydTns Teaudney A045M0T  PITDA0IBI 8
WRGIOSCE PASN 20 pyde orznuding | ysed1z+etyios wnyote) 23271 2yl se ameg ueo Wnsd4Af TeTsismuon IPnpoII-Ag 8
pooy FOOY Pood Pood pooy A3TTTqEUTRILTEY 4
{ "peievTIdmeD "(raznizaadmen sef enyy
sT ssavoad (*ZuoT xeyzea ST dn #o1 ae uotizxado ug
wetasnpead smegarosqy) | 27eas 3v smyd dn-maey) | UOTIEITAIT ¥ ST AIBYL)
SDTASTIIZDBRIEYY
Peog PGS pood AWITTPOXY IUBTTRONY Teuetavasdg ‘9
*SPOYRIT
zadzp Aeads pue
‘mnsd 42 ouoasIwTT
-9 IO
ISCUL UBYI I92I0YS
$T sousTyadxe +pazTulova3 ueaq
TeucTazisdo aaamoy S2Y POYIIW IaM01 -poujew aasol Arids
faueTd TeiozowmoD feads o3 rerTHTS JO 3Tdl 03 IRTWES - gty
o1 peridde aq ued £37TTRRTIRE NBFE o+ sT £L2TTIqesTey - | £79a ST A3TTTQETISY -
ysTYs. ABoteutoel .
wasoxd Jo TaadT +£BoTouysesl usaocad s {ZoTouysay ussoxd +£8o7ougoen wsacad
2 sz pozTuloonl ¢ se pazTulovax v sr pazTuloses " e s pazuSosax
*333] 2431 ST sweg useq SBY AT . uoq .SBY I e us3g SEY AT . usaq SEY 3T - A3TTTQRTTON ‘g
1uagIcEqy s poyasy furiqong-asr poyzap Ismol A=vadg
70 2zed ® se gsedlq no:umvorwww . poynel 1e4xg Aexdg -
Butsn poyley Xp5ad I993E) pRIEATAIV poyaey wnsdin-suoisawt] ma1]

“wmmw £Lag

adiy Az(-Twes

2d£y 2o

(rs g aoiumizoy 03 uonesiddy uo paseq) Em_ﬁgm co:mw:::a_ammm sen) a4 m:o_._.m> Jo uosueduwosy [eauyoal  {2) 9-¢ dlgel



spoatnbaz sT woisds
JUAMEAI] IS1BM 9ISEBH

a¥yel 9yl se sueg

. *AB3EM I0TEM
pue tysefTy ‘wnsddn
30 punodmod e e
puod yse o3 Tesodsig

suoy

SUON ujz 9 AUOY sucy 233N mumws. 0T
M 00L° YT Y 000*PT # 006°Z1 L 00eaT fu gosfet £3TOTIIIRNY {¥)
u/2 48 u/z 9'¢C - u/31 9 Tfa g wealg {f)
] {2anEn ZeaTy)
vf2 g1¢ Y/ 04 /3 81 /3 0Lz AR Tk Ty (T)
+2eadf3 9051
aneqz ST PUBTOJ UT
UogIBD PRITATIVE IO
sunome uoTisnpoxd
) asngvaq juetd
“Ianed Ayl 3T wOQIED
szuzid $IITATISE UTEIQO rqueTd
zepxod 333 03 W] 01 -3 NOTFITP Lama zsmod sYl 03 BWIT *auetd 2omod
poyeTs JO IUNOWE $T AT ‘{1651 A1) peNETS JO Aunome S5 IBSU SBTAOADET
wans fyddns o3 quesead VUL Ay e nons A1ddns on ausmes £q periddns
- Axo1dv; OU ST BxSYL . ) £a010€7 OU ST axeyl 8¢ UED DUOATIWTT
. SRR ER T . .
s {arssacou 5T UQQIBD PILBATIOE +Laessaosu ~{1es5a00u
ST SWTIT PeNEIS 30 x®ed/2 00O°0T ST BWTT pPANETS 5T DUCIASIMTT
Io U 3 47 1neQy - o Y[l 4 Aneqy . I0 4 % [ Anegy 45971 9YY ST IWES I0 Gj3 7 INOGY .
(€/1
anoge ST @Iyl Jo Yyoeq)
: - {20 D) (fooem) (Fooeg) :
drgpyegeunsdgryseds wogIEn PITBATAIDY oWIT PIRETS suo3sIWT] 2UOIEIMT] ueqIosyy (1)
L2770 ‘6

JUaqIQsSsy
70 zazd ® se ysedTy
Butsy poyasy X0§sq

DOYITR
ueqITy PRABATIDY

pouaasy xadig Leadg

‘poyley BuTiqqng-asp

poyaep tame] Azadg

poyzel wnsdin-puoisawty

eddy 4ag

ad4y Aag-Twag

2d{1 8y

{-g d aoiuaizoy O uoneolddy Uo pasey) wWSISAS uonesUNydNsa SeY anjd snouea jo uosiedwo] jestuydat (g} 9-€ Iigel

— 32—



TBRTT pONETS
©rzAge 03 2INOIIFLY

2397 93 sSE 3Weg

“uOQIED PIABATIOE
UTE3q0 O3 ATNDLFITQ »

‘RWmTY PANTIE
uTEIGO 03 3ATRITIIT]

caoeds 2TQETIRAR
2YI UTYITH DOTTEISUT

a1qeoTTddy

3397 943 s® 2we§ 3q o3 ATNOTIITQ 21gent1ddy UOTIENTEAY TTEIFAG “HT
‘WoOI TOXAUOD
@94 o3 -BuTpiing
® mdusl puE
“BuUTPTING BOTAIRS
aouTuelutFm
AuTISTRY
saomax ol
Azessaoau $T 2T
~souds -qusteatnbe monc
~ eIqEITEAE B3 O saTUR § 2o% pasn g
UTYITA TTRISUT 03 ueI USTIBTTRISUT 094
1397 BUL SB oweg 1397 941 s® oue§ ITROTFITE ST 2T 339 @Ya ST awmeg oz @veds aTQETTEAY anedy uoTaETIEISUT et
SWILT TTeWS Isvay
ta3TuT
HoeAS PUe AsTano
01 uwesmisg 39Mmp JreTd Iemog FuTISTXI
agyeT aul se aweg 3397 a8yl Se .2mef 3za1 w3 sE emeg 31397 °ya sv omeg ¢ UOIIONIISUCDIY . 30 TOTIORAITUODLY. A
) ) mnawmmﬂwm.
Aaessadenl a0y Azess200T 10K Axessaval 1oy paznbey peaTnbay seH enTg 0 SUTUTT ¥ITIg 17T

2WBII0SQY
3o axed ® 5B useATZ
Butsn poyasy x0seg

POuATY
USGAE) PILTHTADY

poyasy a=dzg Adwxdg

POy BuTTqyng-aap

poya8) uwon 4radg

pogasy masd{n-suoissny

add1 Azg

2dd] £ag-Taes

ELTS LT

wWasT

{'§ g #21U2ZON O} :o:wo:n_u.d uo paseg) wiasAg uonesunydinsag sern enjd snouep 10 uosuedwoy jesiuydtal () 9-¢ oiqel

— 33—



5%
g+ V= FAVFAY AL AN %4801 %001 nwoomv 350) Tenuuy =il
4500 TERUUY TPI0L g
a7Eg S391p0xd (ased) 1s0)
-4g - 3sopy Futuuny %061 %06E %CET %007 00T Surguny Tenuuy
(g}
250y Butmuny Tenuuy 2507 Buguuny c
202087 TuTzTIoAD] ! (9seq) uswIssAUT
¥ quam3saau] = %80T 2071 %08 %001 001 a0z JuewdEg TERUUY
(¥) auawisaan]
307 auemieg TeERUUY ason Teaxde; "z
£ * MHOOS £ * MEooS £ X MHOOS £ ¥ MHOOS € ¥ MHOOS 2215 UETF X0g§eg
AousToTIIm
68 168 168 %68 w68 TeaAQUIY X0S
prog
TSY 4T SVANSEIY
uoI3lvedeag
QUON BUBK S9F, 29} 893, IIAEHPUNLAD
4286099y
suay s8] auoy BUON BUON sonpoxd-Ag
Burury
uoy SUON EYH=TY s9% L Hoeas ¥ eLydY
SUOTRTIPUS) PSIATEHTISE 1
poyaRy oy 4
ummmuomné mm —— — SutTaqng-3er poy3sy samec] Aeadg
B—— 21ed ' se yseL{13 ULIBY) PITEBATIOY kmhum Leadg

s poyley xpge(

POYI9l Tnsdin-ducysIWT]

adLy, Lag

edL] Lag-Tueg

addy 293p

weay

{'g°d 9owazoy 03 uoneoddy uo paseg) Emﬁ>.m ucnesunydinsag sex anj4 SnoueA jo uostiedwon 1s0)  2-€ sigel



ey CA0303

g

HERVAN

{H3MOL AVHAS)
QOHLIIW WNSIAD-INOLSINGT LIM
LNOAYT IVHINTD Q94 (€) IaHHL M 00§ o1-¢ "Bt

f——pme———prr——
378vd 12373 398Y2 "12313 3GV (L23aN3
oy = ! e ) ! ===
002’y [+ 0>4] 029 ocR'e " \\\*.\ |
2
A !

Lid 7AW

3ed "1373

05 INOLS 3w

i | Lnun,. 2 @ e
1 . | .(W\

M
i
!
i
: xams FT_E°
e e o

!
1
“ | v_iq 3, =
i L H3LvM -
Vo uﬁubzm i .J__
! b=

)L

|
_

,m H m \..1-.. m

dOHS  INIHIYH ‘

1

(i

HNTL b3ALEM
AlvyLlud

.

i
B
G

[Tir—[0]

il

I H
i
!
|
ﬂﬂ“« m 1 T~ \\\N\\
N “ \ HA&, T4 ﬁ
i i in -
LR
7 .

_m—u
& 01

e

J

T
i
!

ANYL NMOGD MOTE

.

|

J

——; \
I-ln.i IJ ! —
) L’ ¢ Gen
IR
AR
I
\ 1 m
4 12
SEE
=
!

ooUs | o0

Tmu o

| oot |

&0 | 0oos 500 | o6y

RiKA

|

Q05'5E OO G KR

~ o LING 8N LINA B on

002’2 0ol
11NN O BN

ﬁ

£

.

~

_/\J,

Hh
ay

t

1
|



1id
AHENTS
INCGLSZWN

3N0LS T

830234
3ANQLS3NWT

= oS
ANOLS 3w

Y, S

NOILD3S 0334 3NCLSIWN

{10109y JemO L >mamv_-omsw MO[d 559800.d POUIB E:m&@a.:oﬁws_._ M Lbg By

a0y _

HIAIANGD

—)

/0

H3QWINH

L

HSY W02

o _ anNOd HSY

- Llid
HIIUM NWNL3Y

5

|

S dINNd
H440-mrHQ
WRSAD

L
i

INOTIDADORDAI |

AN

NOILDES ONIMILYMIA WASHAD

R

H$3IM08

§3708 WoEs

© v
NOILYQIX0O
HIAHOSgY
Ngd N LS008
e |
SINVL
srlsah| .
[ \“_“ o ! H31v3H
i. RS -
CLoled [y [ 5797599
¥ ?_

HOLYNINTZ LSIW

NOULLD3S “IwAOWSY

egs

AITLS

—36—



(HOLOVY3Y DNINEgNg-13r)
QOHLIN WNSAD-INOLSINTT LIM

LNOAYT IVHANGD 094 (€] 33HHL MIN 00§ 218 *Fiy
it : a9
Ihevo 1037 "3vEYI CADTA 3wd C1a3na ING¥D L33
— ey — . i H _.\\unu

8~|J Sm.w\ __,, 8«& _.83 oozl —looﬁ M..\M. _
{ v 2 |
1 |
-, A.\\\ ‘_\J: i 9|

[y

R e e

Thd 37w

3NBYQ L0373

g Ty

T

e Tt

¥ OUS FNOLSWIT

s

e

]'1\_ t1I_.D
I%
|—i——
1

g
ZV,MX
/|

=
[

-

000's | ooos

o j -

oods | oogw

008'5¢

oeU8e

-

2 LiNn Blon

|

/ m
u.. ﬁ
# _m__u Bon
W ﬂ um_ .um_ _umu N B .ﬁA@i..amu DW
“ ! LGGGD@.M__ | ChDhr

0oz ok S oTTEL o *

OO0'E COTH RO Qo221

LiNn 6ON

009°r2

LINC S1°eN




{1019e3y Bunaana 1ar) 139YS Moid SS3CId POUIBIN wnsdAn/puoysaiur 1M g1 -¢ ‘Big

1id
HALVA NUOL3Y aang
azoa Imq Y3Lom
éamm
1td
dWnd Y3M0G
AUHNIS - Wi
INOLSIHA drid 440- g tuer) ONI003 uiv
. AHHNTS ISEAD HOLIV3H DNII0ONG 130 gyd ROLLWiX0
= ﬂ__ _ﬂ.{ INOLSIN o
ANOLSINIT N
30324
3NOLSIND
I o
HSY 70D 2 =
INCIAIOUANH
oS N
HOAVRIKE:
j INCLERAN QATRIRIS
r,uuj
Ry WIVLS
||u
ru:!,_

HAVIH SVO-5vD

NOILDES ON1H2LVMIQ  WNSIAD . NOIL23S 0334 INQLSIWIT . NOILOZ§ T7AOW3H 208




4. Environmental Assessment

The maximum ground level concentrations of S0, before and after installation
of the FGD Units are compared by hourly ground level concentration of S0, and
the annual mean of hourly ground level concentration determined from diffusion

formulas.
In Table 4-1, the results of calculation is shown,

The hourly ground level concentrations of 50, before and after installation
of FGD Units of the most suitable combination thus obtained were 0.092
mg/m’-80, and 0.058 mg/m>-§0,, and their annual means were 0.015 mg/m’-S0, and

0.009 mg/m>-50,, respectively.

Furthermore, dust in flue gas.can be reduced by installation of the wet type

FGD Units.

The predicted present hourly ground concentration of 0.042 mg/m® dust would

be 0.024 mg/m® dust with the installation of the wet type DeSOx system.
It is assumed that the employment of such wet type FGD Units would improve the

environment much to levels where the 50, and dust emission of the Power Plant

little affect the natural environment and human life.

— 394
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&, Conceptual Design of DeS0x System

A conceptual design of the DeSOx system was carried out based on the study
result of the selection of the optimum DeSOx system for the Kozienice Power

Plant.
There is a little difference in inlet flue gas conditions between two FGD
Units (No. 1 and No. 2) installed to No. 4 to No. 8 power generation plants

and one FGD Unit (No. 3} installed to No. 9 power generation plant.

In this study, the conditions for No. 3 FGD Unit have been selected as the

representative.

In Table 5-1 and 5-2, design conditions and planned performance of the FGD

Units are shown respectively.
A general. layout of the FGD Units is shown in Fig. 5-1.

In this layout, it is planned to be able to install another FGD Unit to No. 10

power generation plant in the future, if it would become necessary.

In Fig. 5-2 and in Table 5-3, a flow diagram and specifications of ma jor

equipment of the FGD Units are shown respectively.

In Fig. 5-3, material balance for No. 1 and No. 2 FGD Units and in Fig. 5-4
that for No. 3 FGD Unit are shown.

In these materjal balances, the case using high chlorine content coal is

represented.
However, it is recommended to reduce chlorine content in coal by purchasing
low chlorine content coals andfor blending low chlorine content coals with

high chlorine content coals and so on.

In Fig. 5-5 and 5-6, material balances of 20,000 ppm chlorine content in the

FGD Units are shown.



Table 5-1 Design Condition of FGD Unit

Water

Ttem Unit Design Condition

1. | Capacity of FGD - 500 MW
2. | FGD Process - Wet-Limestone-Gypsum
3. | Gas Flow Rate m’N/h, wet 2,078,000
4. Inlet Flue Gas Tempe.r_ature °C 130
5. In.‘L_et Flue Gas Compoéition

H,0 val? 15.4

0, volZ 6.0

50, ppm 240

HF mg /m°N, dry. 24

HC1 mg /N, dry 579

504 ppm 5
6. | 50, Removal Efficiency Z 89
7. | Dust Concentration

Outlet of the Existing EP | mg/m’N, dry 300
8. | Absorbent - Limestone:

Purity Z 947 or more

Grain Size mesh 325 mesh pass 931 or more
9. { Gypsum To be discarded with fly ash
10. | Outlet Flue Gas Temperature °o¢ - 90

at the Inlet of the Stack

11. | €1 Concentration in Make-up ppm 237

. —42—




Table 5-2 Degign Performance of FGD Unit

Ttem unit Per?feosri;r%;nce
1. | capacity of FGD - 500 MW
2. | Gas Flow Rate m’N/h, wet 2,078,000
3. | Inlet Gas Condition
Temperature °C 130
50, ppm 940
(5,184 kg/h)
504 Ppm 3
Dust Load mg /m’N, dry 300
4, | Outlet Gas Condition
Temperature °C 90
50, ppm 103
(571 kg/h)
504 Ppm 2
Dust Load mg/m®N, dry 50
5. | 80,, Removal Efficiency z 89
6. | Caf5 {Consumed Ca/Inlet S50,) - 1.11
7. | braft Loss of FGD Plant mmAq 305
8. 'Gypsum Slurry t/h 39.4
| Fly Ash _Go.nsumption tlh. 63
Gypsum Aéh WVaste t/h 102.4
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Table 5-3 Specilication of Major Equipment for 500 MW FGD Unit

Equipment Specification
1. Absorbing System
1) Absorber
Number _ 1
Type ' Spray Tower
Dia. x Height $18.8 m x 32.3 m H
Capacity 2,078,000 m*N/h
2) Absorber Upper Recir. Pump
Number . 1
Type Centrifugal
Capacity 123 m3}/min
Head 28 m
Motor 810 kW
3) Absorber Middle Recir. Pump
. Number 1
- Type Centrifugal
Capacity 123 m*/min
Head 26 m
HMotor 760 kW
43y Ahsorber Lower Recir. Pump
Humber 1
Type - Centrifugal
Capacity 123 m*/min
" Head 25 m
Motor 720 kW
5) Absorber Prescrubbing Recir. Pump

Number

- Type
Capacity-
Head
Motor

1 + 1 stand-by
Centrifugal
72 m*[min
21 m
360 kW

T




Equipment

Specification

6)

7)

8)

9)

Absorber Bleed Pump

Number
Type
Capacity
Head
Motor

Agitator for Absorber Recir. Tank

Number

Type
Motor

Oxidation Agitator on Absorber

Number

Type
Motor

Oxidation Air Blower

Number

Type
Capacity
Head
Motor

Gypsum Dewatering & Mixing System

1}

2)

3)

Hydrocyclone

Number
Capacity (as slurry)

Pug Mixer

Number

Type

Capacity (as slurry)
Motor

Recovery Water Pit

Number

Type
Capaclty (Net)

1 + 1 stand-by
Centrifugal
2.4 ™ fmin

g m
37 kW

6
Propeller
30 kW

6
Propeller
30 kW

3 + 1 stand-by
fFor 3 x 500 MW
Roots
90 m’/min
0.8 kgjcm*-g
180 kW

2 sets
39,400 kg/h

1 + 1 stand-by
Mixer
3 md
75 kW

1
Concrete pit
57 m®




Equipment

Specification

4)

5)

6)

7)

8)

9)

Waste Slurry Pit

Number
Type
Capacity

Waste Slurcy Pump

Number
Type
Capacity
Head
Motor

Recovery Water Pump

Number
Type .
Capacity
Head
Motor

Fly Ash Silo

Number
Type
Capacity
Accessary

Lime Silo™ |

Number
Type
Capacity
Accessary

Waste Conveyor

Number
Type.
Capacity
Length

i
Concrete pit
16 m’

1 + 1 stand-by
Centrifugal
0.9 m*/min

15 m
5.5 kW

1 + 1 stand-by
Centrifugal
1.1 m’/min

26 m
11 kW

. 1
Cylindrical, Vertical
1,800 m® (1 day)
Weigh Feeder, Conveyor

1
Cylindrical Vertical
280 m?

Weigh Feeder, Conveyor

(Transport Gypsum/Ash Waste)
to Ash Pond)

2 Trains
Belt Conveyor
330 t/h
3 km

* Necessity of lime addition in order to facilitate hydration of gypsum/ash
waste shall be confirmed by a test using sample ash and gypsum at later
stage. :




Equipment

Specification

3. Limestone Preparation System

1) Limestone Silo

Number
Type
Capacity
Accessary

2) Limestone Slurry Pit

Number

Type
Capacity (Net) .

3) Limestone Slurry Feed Pump

Number
Type
Capacity
Head
Motor

4. Drafting System
1) Boost Up Fan

Number
Type
Capacity
Head
Motor

2) Reheating Equipment
Number

Type
Capacity

l .
Cylindrical
630 m* (for 3 days)

Weigh Feeder

1
Concrete Pit
172 m

1 + 1 stand-by
Centrifugal
1.2 m¥/min

20 m
11 kW

1
Axial Flow
56,300 m*/min
390 mmAq
4,700 KW

i - -
Regenerative Type GGH
2,078,000 mw’N/h

—49—




Equipment

Specification

3) Scavenging Fan

Numbet
Motor
Gas leakage
untreated -> treated

treated -> untreated

Dust leakage

5, Common Equipment

1) Make up Water Pump

Number

Type
Capacity
Head
Motor

2) Air Compressor

Number

Type
Capacity
Head
Motor

3) Seal Air Fan

Number

Type
Capacity
Head
Motor

6. Electrical Equipment

1) FGD Transformer

Number

Number of windings
‘Rated voltage
Capacity '

1
150 kW

1.02
5.07
10 mg/m°N

1 + 1 stand-by
for 3 x 500 MW
Centrifugal
1.5 m*/min
70 m
37 kW

1 + 1 stand-by
for 3 x 500 MW
Rotary Screw
1,020 m*N/h
7 kglem® g
132 kW

1+ 1 stand-by
for 3 x 500 MW
Roots Blower
190 m?/min
700 mm H,0
55 kW

(Number of electrical
equipment is for 3 FGD

Plants.)

1
2
220 kv/6.3 kV
27 MVA

—50—




Equipment

Specification

2}

3)

&)

5)

C&L

1)

2)

3)

Disconnecting Switch

Number
Rated voltage

Switchgears
Rated voltage
(M/C | P/C [ MCC)
Battery
Number

Rated wvoltage
Capacity

Charger

Number

Type
Capacity

Equipment

Control Desk

Number
Type
CRT (Cathode Ray Tube)

Controller

Type

Relay Panels

Type

2 sets
220 kv

6.3/0.4/0.4 kV

3 sets
110V
500 AH (10hours rate)

3
Thyristor rectifier
50 kVA

{Number of C&I equipment is
for .3 FGD Plants.)

4 (1 for each FGD. Plant and
1 for common)
Steel plated desk type
1 CRT for each desk

Self-standing steel plated
digital controller

Self sﬁanding steel plated
hard-wired type




Equipment Specification
4) CVCF
Number 3
Type Thyristor inverter type
Capacity 25 kva

CVCF: constant voltage constant freguency equipment
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Outlines of major equipment are as follows.

(1)

(2}

(3)

(4)

(3)

{6)

Absorber

Boost Up Fan (BUF)

Flue Gas Reheating

System

By-product Handling
Facility '

Electric Equipment

Control . Equipment

-

Single tamer, in-situ oxidation, spray
tower method (General view of the
absorber is shqﬁn in Fig. 5-7 and
selection list of lining material
including for the absorber is shown in

Fig. 5-8.)

Axial fan, fixed blade, A position

(Between iDF and Gas/Gas Heater)

It is installed for the purpose of
preventing corrosion of stacks and flue
gas ducts and of improving an effect of

flue gas dispersion from stacks.

Regenerative rotating type Gas/Gas .
heater (GGH) which has good reliébility
and economics is selected for flue gas

reheating system.

By-product gypsum and waste water in it
are mixed with flyash then conveyed to
the disposal area adjacent to the ash

disposal area.

Electric equipment is powered by a
newiy‘installed DeS0x transformer which
is connected with the pfimary sidg qf
the existing No. 4:staftihg_transformér

over head line by T-branch connection.

The latest model of digital conttoller

is selected -as the control equipment.
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Major facilities which are necessary to be reconstructed or remodeied due to

DeS0x system installation are as follows.

(1} Flue gas common ducts at stack inlet

(2) Inner material of No. 2 stack for acid resistance lining
(3) Z.R.E, building for electfical and control room

(4) Rail way track for receiving chemical for demineralizer
(5). Rail way track for maintenance

(6) A part of flyash transportation piping
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