2,5.4

(L)

(2}

Financial Status and Accounting
General

The total assets of the power station is 2,762.6 billion. 2L, the
capital is 2,556.5 billion 2L and the liabilities is 366.4 billion ZL
{5 billion yen). (Refer to Tableé 2.5-5 through ~9}.

The accounting of the power station is cbmpleteiy independent;'thé
expenses incurred by the-operation.of the power plant of 'a wholesale
power industry are covered by';he_income from the tariff sold to the
Power Network Gompany with éome.profit_retained. The revenue,was
1,083.2 billion ZL, exXpenses were §02.5 billion ZL, and a profit was
1806.7 billion ZL in 1990, The ratio of profit to the.total sale ﬁas
172, but this high perceﬁtage was thought to_hé caused teﬁtatively by
the interim measure of the review of tariff system fhrbugh introductiéh
of market principle.. It is planned to modinythe:tariff_system afte?

1991 to squeeze the profit according to the foliowing formula.
Proper profit rate = (total expenses - fuel cost) x 7%

The largest problem with the current tariff system of wholesaling
electricity is lack of the system of return for the investment. Since
the investments for renewal of facility and_eﬁvironmental'measures are

possible within the profit in the current tariff - system, it is

impossible to make a long term borrowing for the large investment.

Therefore, the problem with the tariff system is how to make the
capital costs (interest and 'amortization) of proper investment
reflected on the tariff on a long-term basis.

Composition of Generating Cost

1) Basic Principle

The tariff of electric power wﬁoleséled from Rozienice Power

Station to the Power Network Company covers and includes the



following cost. (However, subsldy is provided to the transactlon

of

the Power Network Company as referred to before.)

The tariff is divided to the variable cost (kWh portion of

tariff) and the fixed cost (kW portion of tariff).

The variable cost corresponds to the fuel cost, and it is
the sum calculated by multiplying the unit cost per Mwh by
the amount of energy supplied. As oflJanuary, 1991, the
fuel cost unit price is set at 116,840 ZL/MWh (1,600
yenIMWh*). As the amount of energy supplied in that month

was B16,041 MWh, the variable cost income calculated as

follows;

116,840 ZL/MWh x 816,041 MWh = 95,341 million ZL

(approximately 1.3 billion yen).

The fixed cost consists of other expenses and the sum

correspoﬁding.to profit. The detail is given below. As of

'Januafy. 1991. the fixed cost for 8 units of 200 MW units
_was 35,446 million ZL, and 2 units of 500 MW units was

22;096 2L, and the total was 57,540 ZL (approximately 800

- million yen)

The whole wholesale revenue on a2 kWh basis is calculated as

followsy

152,881 million ZL + 816,041 MWh = 187 Z2L/kWh
(2.25 yen/k¥Wh)

Payméht'of:the tariff from the power station to the Power

Network Company is made as follows;

The calculation was done based on the foreign currency exchange
rates of 1 US§ = 9,500 ZL (fixed exchange rate at this time), and
1 US8 = 130 yen (the -average exchange rate at this time).



Advanced payment: on.ﬁth day of each moenth

Settlement of Account: on the last day of each month

2) Actual Composition of Generating Cost (Based on accounting at the

end of '90 business year)
1. Fuel Cost

Table for the detailed tariff calculation is formulated by
the government based on calorific value, sulphur content
and ash content and the coal cost is calculated by this

table.

However, it is required to modify the table corresponding
to the inflation, and this modification is performed every
month in recent years. The trend'of correction factors in

recent years is given in Table 2.5-10.

According to these modification indices, the tariff in

March, ’'91 is 2.05 time as high as thét in June, ?*90.

The total fuel cost in *90 was 539.4 billion ZL; coal was
398.5 billion ZL, oil 7.4 billion ZL, and transpértation

133.4 billion ZL.

The total calorific value of the coal purchased in 90 was
87,070.3 TJ. The average cost of coal per calorific value
is 4,557 ZL/TJ. The calorific value per weight was 4,734
kcalfkg (19,819 XJ/kg), which is very low Value.: According
to the above data, the total weight of the coal purchased
in *90 was 4.3 million tons, and the unit price per weight

of coal purchased in ’'20, was 90,568 ZLft (1,240 ven/t).
2. Labor Expense

When we look at the Jlabor expenses in ’90, we obtain the

folloﬁing figure.

2 —30



3)

4)

The total. labor cost is 5,357 million 2L, and the labor
cost per capita of employee ié 1,561 2L (approximately
210,000 yen). As classified the labor expense in engineers
and workeré, the engineers earn 17.75 million ZL
(approximately 240,000 yen) and workers earn 15.03 ZL
(approximately 200,000 yen). Difference between the above

two categories is thought to be not so much.

As for the wages of the empIOyees in each job category, the
wage of engineer in the operatihg section is the highest,
being 24.19 million 2L (approximately 330,000 yen). The
lowest is in the welfare section, where engineers earn
14.44 million ZL (approximately 200,000 yen) and workers
earn 10.20 million 2L {approximately 150,000 yen).

The escalation rate of labor cost was 523.27 of the
previous year. (3.14 million ZL per person in ’89).

- The detail of labor costs in 90 in Kozienice Power Station
is given in Table 2.5-11.

Depreciation Cost

Criteria of depreciation are presented in Table 2.5-12,

-Repairing Cost

Repairing cost is recovered according to the plan and the actual

expenditure.
The expenditure in ’90 was 192.7 billion ZL (2.7 billion yen).

In Japan, the repairing cost is approximately 22 of the

construction cost dependihg upon the age of the facility. For

" example 3 billion yen of the repairing cost for a generating

plant of 600 MW scale with the construction cost of approximately



150 billion yen. Compared with the Japanese case, the repairing
cost for ' the power station is thought to be large taking into
account the difference of labor cost and price level, This is
assumed to be due to. the age of the facility, and also to be
related to the insufficient investment for renewal of facilities

and the low plant capacity factor,

0f the total repairing.cost of 192.7 billion 2L, 91.6 billion ZL
(482 of the total) is cost for the contracting works, the
répairing works considerably depend on outside contractors. The
remaining part of the repairing cost is spent inside the Power
Station; 63.4 billion ZL (332 of the total), is material costs
and 31.3 billion ZL (16% of the total) is labor costs.



Table 2,5-1 History of Kozienice Power Station

Date bf

Phase Unit Dutput . Start of
. Number. _ Construction | Commissioning
1 200M% 1972.10.18
2 200MW 1973. 3.10
3 200MW 1973. 6.20
I _ 1970.3,1
4 200MY ' 1973.10.08
5 200MW 1973.12.10
6 20 0MW 1974, 5.28
S 7 200MW 1974.10.18
IT : 1972.8.,1
] 200MW 1974.,12.24
-9 500MW 1978.12. &
11T . : 1974.7.1
‘ 10 SO0MW 1979.11,30




Table 2.5-2 Qutline of Kozienice Power Station :

Ttem

Qutline of Facilities

1. Major Equipmen{
{1) Unit Output
{2) Boilor

Type

Maximum Evaporation
Firing System
Fuel System
Hitl Type
(3) Turbine

Type

Speed

Main Steam Pressure

Hain Steam Temperature

Reheat Steam Temperéture
(4) Generator

Capacity

Voltage/Frequency

Cooling System -
{5} Environmental Facility

{6) Stack

No. 1 - fo. 8 Units
200 MH -

Orum type, natural
circulation type -

650 T/H

Front firing system

Pulverized coal {Hard coal) .

Ball mitl

Tandem, reheat, condenser,

3-casing type

3,000 rpm
130 kg/cm®y
535 °C
535 °C

235.2 MVA
16,75 KU/50 Hz

Stator:  water
Rotor:  hydrogen

Electrostatic precipitator

1 stack each for No. 1 -

Ho. 3 units and Ko, 4 -
No. 8 units - .
7200 m high

No. 9, 10 Units
500 My

Drus tygg, forced
circulation type

1,650 T/4
Corner firing system
Pulverized coal {Hard coal)

Roiler mill

Tandem, reheat, condenser,
4-casing type

3,000 rpm

- 166 ké/cng
535 °C
535 °C

588 MYA
20 k¥/50 Hz

‘Stators water

Rotor: _hydrogen

Electrostatic precipitator

1 stack for No. 9, 10 units

300 m high

2. Condenser Cooling Water

Taken from Vistula River to the north of plant.

3. Ceal Yard

Qutdoor storage system, 5 piles used by 211 upits,
transported t0 coal yard by rail.

4. Ash Disposal Site

Ash slurrﬁetransported by pipetine to a site 3 km to the .

west of the plant




Table 2.5-3 Personnels of Koz_ienicé Power Station

Section o Engineer Wbrkér Total
Operation 72 k 402 474
Repair - 215 .915: 1,130
Résearch and Development 69 225 294
Management :
Ash Treatment and Railway 49 | 550 599
General Affairs_ 22 56 78
Engineering _ 16 23 39
Personnel Affairs 23 23 . 46
Training :
Economic Analysis
Welfare 38 174 212
Accounting .43 6. 43
(S.ub-:-Total) (5_47) (2,368) (2,915)
Heat Supply Séct%on _ 190 328 518
Total 737 2,696 ' 3,433




Table 2.5-4 Eriergy Generation and Capacity Factor
: : - of Power Station

Year | - Energy . Capacity Factor
Generation (MWh) (Z)

1986 10,127.271 o 44 .4

1987 11,050,941 | 48.5

1988 9,974,419 43.8

1989 9,920,510 | 43.6

1990 8,374,632 . 36.7




Table 2.5-5 Breakdown of Generating Cost

) 1990 Base

Fuel Cost 539.3 billion 2L 502

Material Cost 4.4

Wage ' | 30.7 32

Repair Cost 192.7 18%

Depreciation 71.3 ' 7%

gther Production Costs 22 2Z

Interest | 0

Other Expenses : 43.1 3%
| (Total) (903.5 billion ZL)

profit* . 180.7 177

(207 of the cost)

Sales Income : 1,084.2

It is being studied to ‘'squeeze the profit to (total cost - fuel cost)
x 7%. ' :

‘Rise of retail price in'May and October, 1991 is included in the
contract.



Table 2.8-6 Disposition of Profit

Total Profit

Profit from Power
Generation

Profit from Heat
Supply

Un-approved Expenditures

(Promotional expenses
and gifts

Income not subjected to
Taxation

(Installation of
Environmental
“Equipment

Income'subjected to
Taxation

Corporate Tax
Tax Exemption, etc.
Corporate Tax Paid

Stock Dividend

Tax on Excess Wages

Retained Earnings by
Power Station

Bonus

Contribution to Social
Insurance

Contribution to
Residence Loan

Contribution to
Welfare Loan

{Crew Fund)
Final Retained Earnings

(Company Fund)

*®

A+B-2C

D x'402

87 of Open Stocks
(ovned by Government}

A-(E4F4G)

H-{I+J+K+4L)

' In million ZL
221,667
209,662

12,005

2,428

1,501)

18,346

15,558

205,747

82,299

a 22
82,266
27,584

28,714
83,102

5,734
2,580

20,000

7,475

47,312

A



Table 2.5-7 Balance Sheet

(Asset) (in million 2ZL)

1. Fixed Assets 2,762,577
Fixed Assets : 2,564,267
Investment 197,004
Stocks (Radom Bank) 1,306

2. Liquid Assets 233,589
Cash - ' 31,898
Account Receivable 81,180
Stored Articles 120,511
(Materials) 108,550}

Total 2,996,166

(Liabilities and Capital)

1. Capital 2,556,566
Open Capital ' _ . 927,822
Power Statio Capital S 1,628,744

2. Liabilities 366,369
Construction Liabilities | 260,777
Liquid Liabilities | 105,592

3. Rése:ve,.etc. . _ 73,231
Réductidn by Financial Operations a 21
Surplus 73,252

Total ' 2,996,166



Table 2.5-8 Statement of Fixed Asset Depreciation

Asgset Ttem

01 Building
02 Pipeline
03 Water Facility
04 Other Buildings
05 Boiler
06 Turbine
07 .Others
08 Equipméﬁts
09 Current Switcher
10 CGurrent Adjuster
il Transformer
12 Others
13 Railway
14 Other Fixed Assets
15 Total Fixed Assets
16 Total ?roduction Facilities
17 Heat Supply Facilities

18 Beoiler

19 Heat Unit

20 Substation Facility, 110 kV
and above

21 Welfare Facilities

22 Assets not subject to
Depreciation

23 Assets already depreciated

25 Increase in Fixed Asset -
Investment Profit

26 Legal Limit of Depreciation

31 Average Price of Fixed
Assets

32 Average Price of
depreciated Fixed Assets

33 Average Depreciation Rate

(After Fevaluation)

Acquired Value

1,136,064
51,562
149,677

582,416

750,789
688,198
23,531
162,188
66,133
134,056
128,011
727,347
42,117
12,629

4,654,900
4,497,239

62,800
21,248
41,552

1,179
3,551
393,044

282,610
144,25]

(in million ZL)
Depreciation
200,479
14,508
31,694
182,996
394,829
380,053
3,234
145,638
40,711
87,843
84,326
495,669
21,026
7,626
2,090,633
2,067,907
12,536
1,847
10,668

116
297,422

282,610
675

76,198
1,809,473

1,619,466

4.202
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Table 2.5-10 Trend of Correction Factors of
Coal Charge System Table

90.6 - 90.12 1.55
90.12 - 91. 1 . 1.20
91. 1 - 91. 2 1.05
91. 2 - 91. 3 1.05

Table 2.5-12 Criteria of Depreciation

~ (Figures in parentheses are Japanese valdes)

Deg{;‘eg(%a%fion Period of Depreciatioh'
Hachinery 5~6% 17 ~ 20 years '(15 Qears}
Environmental Equipment _ ' 8.5 ~10 % 10 ~ 12 years { 7 years)
Heasuring Instrument 1? ~ 20 % 5 ~ 6 years { 7 years)
Building ' 2.5% QG.years (30 yeérs)
Foundations {River structures, etc.) 8% 25 years {50 years}
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Chapter 3.  Descriptions of FGD Project Site
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Chapter 3 Descriptions of DeSOx System Project Site

3.1 Location

The Kozienice Power Plant is located at 51°-40’N and 21°-28'E in Radom
Prefecture in soﬂtheast-of'Republié of Poland. It 1s on the left shore of the
vistula River flowing south to north across Poland and 12 km north of the city

of Kozienice.

3.2 Access

The main road No. 723 is running from Warsaw, the capital of Poland, to the
Kozienice Power Plant. The distance from Warsaw to Kozienice Power Plant is

about 75 km. The road is a two-lane road with good surface condition.

Coal,_cﬁemicals ahd other materials uéed at the Kogienice Power Plant are
being carried: to the plant by the railway which was used for carrying
materials st coastruction of the poﬁer plant.. Railroad tracks lead to
apprbpriate points within the plant site. It is judged that the railway can
.be used efféétivelj for carrjing materials and equipments at construction of
the Flue Gas:Deéuiphﬁfiser'(FGD)u Major ports in Poland are Danzing, Gdynia

and Stettin facing on the Baltic Sea.

3.3 Climate
3.3.1 Oulline

The.weather in Poland is generaliy:unstable under the infiuence of the oceanic
climate of Europe in the west and the continental climate in the east, and is
cold except summer. The weather déta, attached héreto, are those obtained at
the Kozienice Power Plant (temperature and precipitation) and Radom

Meteorological Station (wind).



3.3.2 Temperature

According to the weather data of last ten years (1981-1990), the average daily
maximum temperature, the average temperﬁture and the average daily'minimuﬁ
temperature are 11.4, 8.0 and 4.6°C, respectively. The averége monthly
maximum temperature is the highest in August at 22.2°C, and the average
monthly minimum teﬁperature is the lowest in January at -4.1°C. The maximum
monthly change in the average température is 6.1°C.” The highest and lowest
temperatures in the last ten years were 32.8°C occurring in August and ~31.3°C

occurring. in January, respectively.

The temperature data are shown in Table 3.3-1 and Fig. 3.3-1.

3.3.3 Precipitation

The average annuai precipitation in the last ten years is 479 mm.
Precipitation is occuffing much during the five months from May to Septembér}
and relatively less from October to April. The days with precipitation vary
through . the ye#r, and no specific tendency is_pfesent.- The maximum daily
precipitation in the last ten years is 34,7 mm which occurred in May.. The

precipitation data are shown in Table 3.3-2 and Fig. 3.3-2.

3.3.4 Wind

The Distribution Diagram of Wind Direction and Speed shown in Fig, 3.3-3 was
prepared from weather data obtained at the Radom Meteorological Statioh;
According to the figure, prevailing winds are in the direction of SW-NW.  The
occurrence of winds below 2.0 mfs and 5.0'm]s'is 5 and 89, respectively. The

occurrence of winds of 5.0 m/s and faster is 11%.°

A frequency table of wind direction and speed at the Radom Meteorological

Station is shown in Tabie 3.3-3.
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Fig.9.3-2 Precipitation and days
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3.4 Topography

The Kozienice Power Plant and its surrounding are part of a vast flat area,

of 105 to 110 m above sea level, facing the Vistula River.

The areas around the power plant are planted with pine trees, and vegetables

are grown in surrounding farms.

Tn addition to rail tracks for carrying materials necessary for operation and
maintenance of the power plant, power cables, water supply and discharge pipes
and other utility facilities are existing overhead or underground the FGD
projeét site between the powerhouse and the coal yard; Furthermore, the power
transmission line from the roof of the powerhouse to the switchyard is passing

above the FGD project site.

A topographical'map of the area and a power plant layout are shown in Figs.

3.3-4 and 3.3-5, respectively.

3.5 Geology

According to the results of structure drillings conducted in the past, the
gealogy of the site of the Kozienice Power Plant consists of sand and gravel
soil of river accumulation from quaternary period and an underlying tertiary
straia compoundéd by sand, lignite, clay and varwed clay. The depth of

quaternary strata amounts to approx. 20m.

- 80il profile roughly indicate a fine sand layer, medium grained sand layer,
coarse grained sand layer and gravel sand layer in that order from surface,
and the Plant’'s Main Building is comnstructed on the medium and coarse grained

sand layers as its supporting base.

The natural underground water level around the Kozienice Power Plant used to
depend on the water level of the Vistula River, and it is being affected much

by the Main Building drainage system.



Structure drillings spacing, of which data have been obtained, is as: shown in
Fig. 3.5-1. The data are insufficient for the planned FGD pfoject'site. and
additional structure drillings are necessary at the stage of working for

execution.

Structure drillings spacing and soil profiles are shown ‘in Fig. 3.5-1. In

addition, data of laboratory test are given in Table 3.5-1.

3 —-10
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Chapter 4. Selection of the Optimum DeSOx System

4.1 Em?ssio_n Standards Applied to the Kozienice Power Station

Emission Standards and Ambient Air Quality Standards in Poland are legislated
in 1990 in which regulations are designated according to kinds of fuel used

end firing method as shown in Table 4.1-1.

Emission Standards are dlassified.into ekisting plants and newly built plants
and.Ambient Alr Quality Standards are classified into general area and special
protected area. These Standards will be regulated more stringently from the
beginning of 1998.

Moreover, local authorities of Poland are allowed to set stricter regulation
than figures set by the Central Government in order to preserve ambient air

quality in local area.

Kozienice power plant is located close to a nature conservation area and other.
protected area and designated as a special regulated area. Because of that
discussion.for.setting stricter regulations has been made between the local

authority of Radom prefecture and the Power Plant.

As a result, both parties have made mutual comsent 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 valid from the beginning of 1998 as shown in
Attachment 4.1-1.

According to_the'agreement, 50, emission from the Power Plant will be reduced
" to 307 of the present maximum S0, emission amount from January of 1998 by

installing DeSOx 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 DeSOx system in order to -reduce the SOz emission

to the target value requires studies of the selection of the optimum DeSOx

system from various kinds of DeSOx system and combination of the power

generation plants and'installed pesox units inéluding numbers and dapaéity of

the DeS0x plants.

Therefore, the -selection of the optimum DeSOx system will be done according

to the following manner.

(1)

(3)

(4)

(5)

Selection of possible DeSOx system for the Kozienice power station and

"general technical comparison of each system. '

Determination of conditions for the study of_éombination of the ‘power
plants and installed DeSOx plants, and of the selection of the optimum

De80x éystem.

The study of the combination of the power plants and installed DeSOx

system according to conditions determined in item (2).

‘Based on the- optimum combination determiﬁed:in'itém (3). case studies

on selected DeSOx systems in “item (1) will be made and overall
technical and economical evaluation is to be carried out on selected
DeS0x systems referring to the general technical evaluation done_in

item.

Finélly, the optimum DeSOx system for the power plants will be selected

according to the studies of the above.

In Fig. 4.1-1, a flow chart of this procedure is showm.
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‘Attachment-4.1-1

Agreement on Poliutanis Emission Between F{adom' Prefecture
and Kozienice Power Plant

Decision

By the Radom Prefecture concerning the protection of air against pollution.
I. This decision determines the type and amount of pollutants that can be
introduced inte the air by the Kozienice Power Plant. This decision is

valid until December 31, 1997.

1. Pollutants introduced into the éir'from'individual power geﬁerating

units and from stack No. 1 shall not exceed the following values:

a) Boiler OP - 650 - Unit No. 1 - 200 MW

Maximum [kejfhi Amnual [t/year)
- salphur dioxide 1,119 . 5,550
- Nitrogen dioxide 512 - 3,102
- Dust ‘ 514 : 3,115

Carbon oxide 228 : | 1,382
b) Boiler OP - 650 - Unit No. 2 - 200 MW

[Yélues'same as.above]‘
¢) Boiler O - 650 - Unit No. 3 - 200 MW

[Values same as above]



d)

The total amount of pollutants introduced into the air by stack

No. 1 (height 200 meters, outlet diameter 6.7 m) shall be as

follows:
Maximum [ke/h] Annual [t/vear]
w'Suiphur dioxide : 3,357 16,650
-~ Nitrogen dioxide 1,536 9,306
- Dust 1,542 9,345
- -Carbon oxide 684 4,146

2. Pollutants'iﬁtroduced into the air from individual power generating

units and from stack No. 2 shall not exceéd the following values:

a)

bj

c)

Boiler 0S-650 - Unit No. & - 200 MW

Maximum [kg/h] Annual [tfyear]
- Sulphur dioxide 1,119 5,550
- Nitrogen dioxide _ 512 3,102
~ Dust . o 514 - 3,115
- Carhbon oxide 228 1,382

Boiler 08-650 - Unit No. 5 - 200 MW

‘[Values same as above]

Boiler 0S-650 - Unit No. 6 - 200 MW

[Values same as above]



d) Boiler 08-650 - Unit No. 7 - 200 MW~

[Values same as above]

e) Boller 0S-650 - Unit No. 8 - 200 MW

[Values same as abové]

f) The total amount of pollutants introduced into the air by stack

No.

follows:

- Nitrogen dioxide

Sulphur dioxide

Dust

Carbon oxide

2 (height 200 m, outlet diameter 7;9.m) shall be as

Maximum [ke/h]  Annual [tfvéar]

5,595 _ 27,750

2,560 3 15,510
2,570 15,575

1,140 6,910

Pollutants introduced into the air from'individual power generating

units connected to stack No. 3 shall not exceed the following

values:

a) Boiler AP - 1650 - Unit No. 9 - 3500 MW

- Nitrogen dioxide’

Sulphur dioxide

bust

Carbon Oxide

Maximum jkg[hl Annual [tfvear]_
2,851 9,050
1,149 4,457
1,310 . 5,082

581 2,254



b) Boiler AP - 1650 - Unit No. 10 - 300 MW

[Values same as. above}

c¢) The total amount of pollutants introduced into the air by stack

No. 3 (height 300 m, outlet diameter 9.3 m) shall be as

follows:
Maximum [ke/h] Annual [t/year]
- Sulphur dioxide 5,702 18,100
- Nitrogen dioxide 2,298 8,914
- Dust : : 2,620 10,164
~ Carbon oxide 1,162 4,508

4. The following emission values will -be applicable to the Kozienice

Power Plant until December 31, 1997.

Maximum [ke/hi Annual [t/vear]

— Squhur dioxide 14,654 . 62,500
- Nitrogen dioxide 6,394 . 33,730
- Dust | : : 6,732 35,084
- .Carbon oxide ' 2,986 15,564

5. The following amounts of pollutants generaﬁed in the process of

fuel combustion are permitted:

a). Boiler QP - 650

- Sulphur dioxide 566 £/GJ
- Nitrogen dioxide - - 259 gfGJ
'~ Dust : 260 gfGJ



II.

III.

Iv,

b) Boiler AP - 1650

- Sulphur dioxide 566 g/GJ"
- Nitrogen dioxide 228 glGJ
- Dust 260 g/GJ

The folléwing emission wvalues shall be applicable.to the Kozienice

Power Plant after January 1, 1998

Sulphur dioxide 7,995 kg/h

- Nitrogen dioxide 4,402 kgth
- Carbon oxide 2,986 kg/h
- Dust 3,366 kg/h

The Kozienice Power Plant is obliged to:
1. Install a desulphurisation system by December 31, 1997

2. Complete modernization of power generating equipment by December
31, 1997 (in order to meet dust and nitrogen dioxide emission

standards which come in force on Januéry 1, 1998)

3. Submit to the Radom Prefecture a schedule of activities aimed at
dust and nitrogen dioxide reduction. This schedule should be

submit@ed by June 30, 1992.

The Radom Prefecture reserves the right to impose on the Kozienice

Power Plant other obligations concerned with air protection.

The permissible pollution values specified in part II of this decision

shall be binding for the Kozienice Power Plant until December 31, 1999,



Rationale

An analysis of air pollution conducted by Energoprojekt on the basis of coal
parameters and ESP efficiency (97.5%) showed that the permissible sulphur

dioxide emission values are dramatically exceeded on a large area.

Nitrogen dioxide emission wvalues are exceeded by at least 307 on specially

protected areas.

Cdnsequentlyj further analyses were carried out in order to establish emission

values which do not exceed allowable concentration levels.
The total amount-of-ppllution after 1998 must not exceed the following values:

- sulphur dioxide 7,995 kegth

- Nitrogen dioxide 4,402 kg/h
- Dust’ : 3,366 kg/h

These values imply that the present emission levels should be reduced by:

- 767 in the case of sulphur dioxide
- épproximately 45% in the case of nitrogen dioxide

-~ approximately 537 in the case of dust

The order to achieve these valuer it will be necessary to modernize boilers
(mill-furnace systems) and electrostatic precipitators, as well as to install

a DeSO0x system.



Available
DeSOx System

Selection of Possible _ Determination of Conditions
DeSOx 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.4.1-1 SELECTION FLOW OF THE OPTIHUM DeS50x SYSTEM
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4.2 Selection and: Technica! Comparison of FGD Methods to be Evaluated

421 Selection of FGD Methods to be Evaluated

A large variety of FGD methods are being used, but many of them are similar
in their principles. Such methods are categorized also in a variety of ways,
but they are generally categorized into wet, semi-dry and dry methods
depending on the use of water in their ébsorption_process. FGD methods

classified in such manners are shown in Fig. 4.2-1.

Judging from the current trends of FGD technologies in the world, the .
limestone method, where limestone slurry is used as the absorbent, is popular

among the wet methods, and being employed at many utility plants.

The spraydryér method corresponds to the semi-dry method. This method has not
been employed 'in Japan at. coal fired power plants although it has been

employed at many plants in Europe and the USA.

Amohg the dry methods, the activated carbon method which uses activated carbon
as absorbent, the coal ash using method which partly uses coal ash as
absorbent, and the simplified FGD method where absorbent is blown into the
furnace or duct have been employed at utility plants, and more data are

getting to be available.

From such wet, semi-dry and dry FGD methods, the following seven methods were
sélectéd, based on their experience at coal fired utility power plants,
developmént'status étc., as methods which can be applicable to the Kozienice
Power Plaﬁt.

<Wet methods>

(1) Limeétdné~gypsum method - Spray tower method

(2) Limestone-gypsum method - Jet bubbling method

4 —11



<Semi-dry methods>
(3) Spray dryer method
<bDry method>

(4) .Activated carbon method

{5) . Coal ash.using method

(6) Simplified FGD method - Dry absorbent injection into furnace
method _

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

These selected seven methods are cutlined and their technologies are Cdmpéred
generally below. In Section 4.5, in_addition, their technologies and economy
are compared in considerations: of condiﬁions.specific to the Kozienice Power
Plant, and a method most appropriaté‘forlthe Kozienice Power Plant is selected

from the seven methods.
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4.2.2 Technical Comparison of Evaiuated 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) Desulphurisdtion perfofmancew
(4) Dust removal performance

(5) Technical levels

(6) Experience at utility pl&ﬁts
(7) Reliability

{(8) Byproducts

(9) Utilities

(10) Waste water ,
(11) Stack lining and Exhaust gas reheating
(12) Operability | '
(13) Maintenability

Table 4.2-1 shows results of general technical comparison of the FGD methods

evaluated in this study.

In addition, basic processes of such FGD methods are outlined in'pages which

follow.
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(1)

Wet'typé limestone-gypsum method - Spray tower method

Limestone (CaCO3)'slurry is sprayed-to flue gag in a spray tower to
absorb sulphur oxides (S0x) of the flue gas for desulphurisation. The

limestone slurry thus sprayed reacts with absorbed suiphur oxides and

- forms calcium sulphite (CaS0,}. Calcium sulphite thus formed is

oxidized further and discharged in the form of gypsum (CaSQ,).
Major reactions which occur in this method are as follows:
[Abso?ption]

CaC03 + 502 + %H,0 - CaS0,+%H,0 + CO,
[Oxidation]"

CaS04+%H,0 + %0, + 1%H,0 - CaS0,¢2H,0

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

The proceés 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, a gypsum recovery system, etc.
a.  Draft system

The fiue gaé ffbm boiler is preééurized by a boost-up fan (BUF),
subjected ‘to heat exchange at'a gas-gas heater (GGH} with treated
gés from FGD outlet, and enters the spraying absorber. Here, the
flue gas temperatﬁre is lowered to the saturation temperature by
- spraying “part of the.absbrber circulating liquid. The cooled
flue gas is then. uniformly dispersed and rectified in the
“absorber, cdmes into contact, face to facé, with slurry at the
.gbsorbing portion, where ‘sulphur oxides in the.flue gas are
absorbed and dust in the flue gas is remdﬁed by.the scrubbing in

the'absbrber.
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After the_desulphdrisation. mist included in the fliue 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 gas-gas heater, where it is heated by flue gas

from boiler, and then discharged from the stack.
Limestone slurry preparation system
lLimestone (powder), used as ahsorbent is stored in a limestone

powder silo. The limestone powder is fed to a limestone slurry

tank through a limestone meterlng feeder. Water is also added to

" the limestone slurry tank at a spec1fiad rate. Limestone powder
‘and water are made into limestone slurry, and the limestone

slurry is kept'in the limestone slurry tank. Necessary amounts

of llmestone 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 slurry of lime&tone and
reaction products is sprayed in the absorber, .is the most
1mportant system on the desulphurisation and the dust remgval
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 desulphurisation performance of
the mixed slurry, and the mixed.slurry is sprayed again in the
absorber tower for desulphurisation. The air is blown intc the
absorber circulation tank to.oxidize c3101um sulphlte into gypsum

(calcium sulphate).

4-18



Gypsum_fecovery system

When gypsum is te be recovered as a byproduct, 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.
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(2)

Wet type limestone gypsum method - Jet bubbling method

In this method, the flue_gaé 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, gnd gypsum is recovered as a by-product.
The major reaction which:occufs in this method is as follows:
[Absorption and oxidation]
so.2 + Cal0; + %0, + 2H,0 - $aS0,°2H,0 + €0,
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
consists of a draft system, an absorbiﬁg systém, a2 limestone slurry

preparation system, a gypsum recovery system, etc.
a. Draft and absorbing system

The flue gas from boiler is pressurized by a boost-up fan (BUF),
subjected to heat exchange at a gas~gas'heater (GGH) with treated
gas from FGD odtlét, 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 ligquid through sparger pipes,'aﬁd'
sulphur oxides and dust are absorbed and removed from the flue

gas.

Mists included in the flue éas at desulphurisation are remo&ed'at
é subseguent mist eliminator. After desulphurisatidn and dust
removal, the treated flue gas is led again to the gas-gas heater,
where it is heated by flue:gas from boiler, and then discharged -

from the stack.



Limestone slurry preparation system

Limestone (powder}, uéed 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 slurfy arespumped 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 byproduct, the gypsum slurry

from the JBR is dehydréted by dehydrators to obtain gypsum in

this system. Waste water from dehydrators is usually used again

as make-up water for the desulphurisation process.
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(3)

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(CH),;) of the slurry, resulting a dry ﬁowder mixture of caléium
sulphite (CaS0;) and gypsum (CaS0,), which falls on the bottom of SDA

or 1s collected and removed by a subsequent dust collector.
Ma jor reactions which occur in this method dre as follows:
[Absorption]
Ca(OH), + S0, + %H,0 - CaS0;¢%H,0 + H,0
[Oxidation]
CasS0,e%H,0 + %0, + 1%H,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 method
consists of a draft system, a slaked lime slurry preparation system, a
slurry spraying system, a dust recirculation system, efc. '
a. Draft system
The flue gas from boiler is led to SDA usually by an inducéd
draft fan (IDF). The absorbent is sprayed in the SDA and sulphur
oxides are removed. The temperature of the flue gas in the SDA
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 operation is

controlled to be higher than the saturation temperature.by_la to
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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
eyclone 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 regulations, and the treated

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

Slaked lime or quick lime, used as absorbent, is stored in a
storage silo, and fed to a slaked lime 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.
Slurry spraying system

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

and collected at the subsequent dust collector.

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

scale systems.
Dust recirculation system

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

lime used in the method.
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(4)

Activated carbon method

In the activated carbon method, activated carbon used as absorbent is
filled in an moving bed type absorber in which activated carbon 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 byproduct.

The absorption and regeneration reactions which occur in this method

are as follows:
[Absorption]

50, + %0, + H;o - H,50,
[Regeneration]

stot. ~ Hzo + 503
803 + %C i SOZ + %002

The flow of the absorbing reaction. is shown in Fig. 4.2-8.

The proceés flow of this methed is shown in Fig. 4.2-9, This method
consists of a draft system, an absorption system, a regeneration

system, a by-product récovery system, etc.
a. Draft system

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

absorbed.



Absorption system

The absorbent (activated carbon) 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 carbon)'from the'absorber,-which

absorbed sulphur oxides, is régeneratéd in the desorber for

reuse. In regemeration, the used absorbent is heated to about

400°C to free 650,-rich gas from the used absorbent at the

desorber.-
Recovery syétem
The recovery system recovers by-product from the 50,-rich gas

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

the fo;ﬁ of sulphuric acid or elemental sulphur.



UOQ4B) PSIBAIIOV JO QWAYDS U01108dY 8-Z°p-B1d

(8) Jo {O%HZ = *OS°H)
aygding
jBlURWelYd I0 pioy orangding

— | .:owuommm uo13dIosqy

19G108qy

ﬁ

{(2)
JUSGIOSqY

(*08)
SBY) 9n{4 Ul 08

4 —30



- NOG9VO JILVAILOV 40 MOTd SSI00ud 6-2°% "8id

— EOVNENJ ONILVEH IV

e S S8y 8nil

ﬁ\. \OFEYD QALYATLOV

gaavo1 oS

WALSAS .
AdIACOHY .

10NG0¥d-A9 | SBDH?0S

mmmmowmm|#\ | yaguosay

- NOSYUoY
JALVALLOY

J

0

4 —31



(5)

Coal ash-using dry FGD method

In the coal ash using method, an absorbent made of coal ash, slaked
lime and used absorbent or gypsum is. filled in moving bed type
absorbers in which the absorbent pellets move by gravitation. Flue gas
is passed through the absorbers for absorption of sulphur oxides.
After absorption of sulphur oxides, the spent absorbent is partly used
as the source of gypsum which is one of the raw materials of the fresh
absorbent, and the rest is removed from the system.

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

Ca0 + S0, + %0, ~ CaS0,

The flow of this reaction is shown in Fig. 4.2-190.

 The process flow of this method is shown in Fig. 4,2-11. This method

consists of a draft system, an absorption system, an absorbent

production system, a spent absorbent recovery and storage system, etc.
a. Draft system

The absorber coﬁsists of a preabsorber and a main absorber. The
flue gas from boiler is led to the preabsorber, where dust and
par£ of sulphur ﬁxides;afe removed by the absorbent, and then led
to the main‘abébrbef for_désﬁlphurisation. "In this method; the
flue gas from bbiief'is treated by a dfy'process. Thﬁs, the
temperature.of the flue gas'is not lowered in the process, and no
rehestiﬁg of the treated flue gas is necessary. The treated flue

gas is induced by a fan, and discharged from the Stéck.



Absorption system

The absorbent is fed to the top of the main absorber. The flue

gas from boiler is passed horizontally through the moving bed

_(cross~f16w contact} while the absorbent goes down from the.top

of the main absorber to the bottom by gravitation, and sulphur
oxides are absorbed. The absorbent 'coming out of the main
absorber is fed to the top of the preabsorber, and contacted
again to the~flﬁe.gas from boiler. In the preabsorber, the

absorbent removes dust and part of sulphur oxides, thus improving

‘the utilization rate of calcium contained in the absorbent is

improved.
Absorbent production system

This system produces the absorbent pellets using coal ash, slaked

lime and gypsum as raw materials.

Powders of raw materials from respective storage tanks are mixed

uniformly in a mixer, and mixed further with water into a clay

form in a kneader. The mix is then extruded with an extruder

into a cylindrical form, and cured in a steam curing unit.

The wet cyliﬁdrical ﬁieces are dried in hot dry.air to form pores
in the pieces to make them aqtife for desulphurisation, and used
as the absorbent pellets. The absorbent pellets thus produced
are sibréd in a absorbent storage silo, and éupplied to the

absorber.
Spent absorbent recoéery and storage system
In spent absorbent from absorber contains calcium in the form of

gypsum. The spent absorbent, therefore, is stored in spent

absorbent.storage gilo and partly reused as the source of gypsum

~for production of the fresh absorbent. The rest of spent

absorbent is removed from the system along with the collected

dust.
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(6)

.

Simplified FGD method - Dry absorbent injectioh into fufnace method

.In this simplified FGD methdd, limestone (CaCO;) is blown.into the_high

température region'(about 1,100°C) of furnace to decarbonate liméstone
and partly absorh sulphur oxides at the same time. In addition, water
is sprayed in a reactor, installed at a low temperature region
dowvnstream of the air preheater, for further dESulphﬁrisation when it
is necessary to get better DeSOx efficiency.' The Byproduct along with

dust is collected at following dust collector.

Desulphurising 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]
CaC0; - CaQ + CO,
Ca0 + 80, + %0, - CaSO,
[Reactions in reactor}
ca0 + 50, + ¥H,0 - CaS05+%H,0
Ca0 + 80, + X0, + ¥H,0 - CaS0,+2H,0
50, + H,0 - H,50 ' '

© Ca0 + H,S0; ~ GaS0,+%H,0 + %H,0

The process flow of this method is shown in Fig..é,z-lz.
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(7)

Simplified PGD method - Dry absorbent injection into duct

In this simpliflied FGD method, an absorbent of slaked Llime (Ca{OH),}
is blown into the duct at a low tempefature region following the air
preheater. In'édditiOn, water is sprayed in a subsequent reactor for
furhter desulphurisation when it.is necessary to pget better DeSOx
efficiency. slaked lime is used as absorbent because of-its high
reactivity. The byproduct along with dust is collected at following

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

Ca(OH), + S0, - CaS0;+%H,0 + %H,0
Ca(OH), + S0, + X0, + Hy0 + CaS0,+2H,0

[Reactions in reactor])

S0, + Hy0 ~ H,80;
Ca(OH), + HyS80, ~ CaS0,+%H.0 + 3/2 H0

The process flow of this method is shown in Fig. 4.2-13.
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4.3 Study Conditions of the Optimum DeSOx System Selection

In order to reduce SOx emission amaunt.from the pdwer plant ﬁo‘targei value
by means of installation of the optimum DeSOx system selected from.seven
possible DESOx system reviewed item 4.2, it is neceSSﬁry to make a étudy that
to which power plants of unit No. 1 to No, lb, the selected optimum DeSOx

system is to be installed.

Study conditions which are particular to the Kozlenice power station are
determiﬁed]in this sectibn. These study conditions are to be used for the -
study of the optimum combination of power plants and insfalléd‘DeSOx'pLants,
and for the study of the selection of the optimum DeSOx system.

Determination of the study conditions are made by discussions with related’
organizations of Poland and collections of'infprmgtion'at_the'fiéld_survey of
the feasibility study on Desulphurisation system for'thg Kozienice powér”

~station.



4.3.1 Power Plant Operation Practice’

a.  Plant Utilization Factor
i) 200 MW Plants 577 (Equivalent to 5,000 hours
| ' .operation at rated output)
ii) 500 MW Plants 572 (Equivalent to 5,000 hours

operation at rated output)

Plant utilization factors of the plants at the present are shown

below.

i) 200 MW Plants 567 {(Average of 8 plants from
o 1985 to 1990)

ii) 500 MW Plants 31Z (Average of 2 piants from

1985 to 1990)

According to the information from the power station these figures

~ will be changed up to 57%.

Therefore, plant utilization factors of both 200 MW plants and
500 My plants are set at 572 for the study which is equivalent to
5,000 hours_operationiat the rated output.

: ) ' PR _ _Annual Generating Power (MWh)
Note: Plant Ut;l;zathn Eaptqr_ Rated Output )MW) x 8,760 hrs x 100 [Z]

. 'b. Plant Thermal Efficiehéy

i) 200 MW Plants 36.7%7 (Average of 1990°s figures
' o of 8 plants from the power station)
Cid) 500 MW Plants _. 36.1% (Average of 1990°s figures of

2 plants from the power station)



c. Minimum Centinuous Operation Load

i) 200 MW Plants 140 MW.

ii) 500 MW Plants 250 MW
d. Power Plant Periodical Inspection

A 60 days-full-scale ihspection is carried out in every four
years and a year when there is no full-scale inspection 28 days-

simplified inspection is carried out,
e. Rate of Power Plant Failure

Power plant failure of unit No. 1 to No. 8 in recent five years

is about 2%.

According to the information from the power statiom, that of unit
No. 9 and No. 10 (500 MW plants) is little bit higher than unit
No. 1 to No. 8 (200 MW plants).

Idle time by failure .
Operating time + Idle time by failure

Note: Rate of plant failure =
x 100 [%]
£, 50, Emission Amount and Regulation
According to calculations by the power station, emission amdunts‘
of 505, NO, and dust at hourly maximum and average of 5,000 hours
operation a year at rated load from 200 MW plants and 500 MW

plants are shown in Table 4.3-1.

Maximum 80, emission amounts from each 200 MW plant and 500 MW

plant at the present are shown below.

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

4 —60



Kozienice power plant has a obligation to install as DeSOx system

by December 31, 1997.

As for S0, emission regulation frdm'January 1, 1998 it will be
7,995 kg/h regulated as the total emission from the power plant
which is stricter regulation than previous figure of 14,654 kg/h
‘by December 31, 1997 which is the total value of regulated 50,

emigsion from each boiler.

80, emission amounts from each boiler for this study are

determined as follows:

i) Boiler without FGD
200 MW plant 1,119 kg/h
500 MW plant 2,851 kg/h

(Above figdres are the same as those for by December 31,

1991.,)
iiy) PBoiler 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;)
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