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Table 5-1-1 Design Lignite Propertics

ltem : _ _ Guatantced | AMax | WMax | Q Max
Ash . (air-dricd base) | % 35.50 45.00 33.00 - 30.00
Moisture . {as reccived) % 55.00 49.00 57.00 55.00
Ash (as received) % 15.98 -+ 2295 14.09 13,50
Catbon ’ (as reccived) % 18.23 [8.85 18.22 20.17
Hydrogen (as reccived) %| 1.54 1.42 154 1.70
Oxygen (as received) %o 5.46 - 5.05 5.47 - 6.02
'Nitrogen  (as reccived) % 0.32 0.30 - 0.32 0.35
Combustible sulphur  (as received) % 2.70 3.20 2.90 2.40
Vblatiles from mineral sqbstanffe % 151 2.19 1.35 128
{(as received) _
Calorific value kcalkg 1,410 1,3t5 1,400 1,590
(LHV) - kl/kg 5,910 © 5,510 5,860 6,660
\blatiles - ' % ‘ 60 - 64
Hygroscopic moisture . % : 11
Milling per K ' _ : 0.83-1.22
efficiency per for guaranteed coal K=1.1
§i02 % 35-50
Al203 % : 16 - 32
' Fe203 ' | % 7-20
Ash analysis ‘
: MgO % - L5 -35
Ca0 : %| 25-50
|S0s3 % - 25-15
Ash fusion temperature ' :
A, In oxidizing environment
(by Leits) for Analysis 1,2,3 : .
Deformation point Tl 1,250 1,210 - 1,300
Melting point _ C 1,280 1,260 - 1,300
Running point . c| 1,300 . 1,280 - 1,300
B. In semi-reduction environment
(by Bunte-Baum) for Analysis 4 ‘
Deformation point S ‘C . 1,050 - 1,150
Melting point f C 1,150 - 1,300
Running point. _ C| _ 1,200 - 1,400
Density gefeub. cm _ 1.5-19
Bulk weight kglcub. cm ' 700 - 1,000
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‘Table 5.1-2

Design Limestone Propertics

: : - Ca (%) 38.8
Ohiginal Ii.mesionc analysis Mg (%) 0.1
(air'dric_d base) C (%) 11.94
_ S (%) 0.004
Fraction ana']ysig . . f Ca (%) ».
between 0,125 - 0.250 mm - Mg (%) 0.1
| S C (%) 1194
(air dricd base) S " 0.003
Grade ~ Reactive Index _Ad_so‘rption Capacity
RI {mol/mol) Cl {Limestone gs/kg)
excellent <2.5 120 <
Limestone spcciﬁcatibn good 25-3.0 100 - 120
mediom 3.0-4.0 80- 100
low 40-5.0 60 - 80
bad 50< . <60
Table 5:1-3 Heavy Qil Properties
Item Bulgarian Standard Acceptable Properties
Calosific valuc [HHV] K"giﬁgg 93,2686 - | g?s'gg
Kinematics viscosity mm?/s 15 -
Density glom? 1.015 0.968 -
Ash conlent Weight % 0.15 0.068
Sulfur content Weight % 3.5 2.99
Moisture \blume % 1.0 -~
fmpuritics Weight % 0.5 _ e
Flash point C 110 or more 120 or more
Pour point C 25 ot less Torless
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Table 5-2-2 Planned Perforinance

(per lunit)

1. Boiler type C-F8C B-FBC PCFAFGD
2. Conl Ash MAX Ash MAX Ash MAX
3. Plant efficiency (wet low calorie base) % 36.5 34.5 328
Boiter efficiency % 816 826 804
Tutbine eflicicncy % 45.0 450 45.0
Auxiliary power consumplion % 7.0 9.0 9.0
Plant loss % 0.3 063 0.3
4, Phant efficiency {wel high calorie base) % 28.5 26.9 25.6
Boiler efficicncy % 68.3 65.2 62.7
Turbine efficiency % 450 450 45.90
Auxiliaty power consumplion % 7.0 8.0 90
Plant loss _ % 03 0.3 03
5. Coal consumption (wet base} - TH 412 436 458
- TiD 9,888 10,464 10,992
(annual plant utilization = 70%) X103THY 2,526 2,674 2,808
6. Limestone consumption TH 85 12 47
' D 2,040 2,688 1,128
(annual ptant utilization = 70%) XG> T/Y 521 687 288
Surplus rate - 20 2.5 1.05
7. Make up watet T n. 80 182
For plant using T 1) 80 45
For FGD using ™ - - 137
: ™7 1,752 1,920 4,368
~ (at plant annual utilization = 70%) X103THY 448 491 1,116
8. Ash disposal quantity TH 225 255 127
_ o D 5,400 6,120 3,048
(annual plant utilization = 70%) X1037/Y 1,380 1,564 779
9. By-product gypsum TH - - 871 -
I . : 41 - - 2,088
{anneal piant utilization = 70%) X103T7Y - - 533
10. Boiler outlel flue gas : :
Wetbase X0 o NAT 1,294 1,473 1,484
Dry base HKIPmN/H 978 1,137 1,131
Gas temperature C 165 165 195
11. Flue gas properiies al stack oullet : ]
© VWetbase X100 m*N/HE 1,297 1,477 1,666
Dry bas¢ XK1 m3N/H 9281 1,140 t,191
Gas temperatuge - C 170 170 90
S02 -mgint'N 2,687 2,436 . 1,384
NOx mgfm’N <600 <600 <604
Dust mgim*N <100 <00 <100
CO mg/m*N <250 <250 <250
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Figure 5-2-3 PCF+FGD(230MW) Layout
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‘Table 6-1-1 Design Lignite I'roperties

Coal classification A Max

Ash (air-dried base) % 45.00

Moisture (as received) % 49.00

Ash (as received) % 2295

Carbon {as received) % 18.85

Hydrogen (as received) o 1.42 -

Oxygen . {as reccived) Po - 5.05

Nitrogen _ (as received) % 0.30

Combustible sulphur {ds received) % 3.20

Molatiles from mineeal substance (as received) % 2.19

"Calorific valuc kealkg 1,315

(LHV) klfkg 5510

Vblatiles % 60 - 64

Hygroscopic moisture %o 11
- - per K 083 -1.22

Milling cfficicncy :x:r for guaranteed coat : 9;(2 1.1

SiO2 % 35-50
Al2O3 % 16 - 32
Ash analysis Feas % 7-20
MgC % 1.5-3.5
Ca0 % 2.5-5.0
SO % 25-15

Ash fusion temperature _ '

A. In oxidizing environinent (by Leits) for Analysis 1,2,3 B
Deformation point ‘C 1,210 - 1,300
Melting point ‘C 1,260 - 1,300
Running point C 1,280 - 1,300

B. In semi-reduction environment (by Bunte-Baum) for Analysis 4 _
Deformation point ‘C|l 1,050+1,150
Meliing point C 1,156 - 1,300
Running point ‘C 1,200 - 1,400

Density gr/cub. cm 1.5-1.9

Bulk weight kg/cub. cm 700 - 1,000
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Table 6-1-2 Design Limcstone Properlics

: Ca (%) 38.8
Original timestone analysis Mg (%) 0.1
(air dried basc) C (%) 11.94
S (%) 0.004
_ Ca (%) 39
Fraction analysis between 0,125 - 0.250 mm Mg (%) 0.1
(air dricd base) C (%) 11.94
S (%) 0.003
Grade Reactive Index Absorption Capacity
) R1 (mol/mot) Cl (Limestone gsrkg)
excellent <25 120 <
Limestone specification good 2.5-3.0 100 - 120
medium 30-4.0 80 - 100
low 4.0-5.0 60 - 80
bad 50< <60

Table 6.-1-3 lleavy Qil Properties

ltem Bulgarian Standard Acceptable Propertics
Calosific value [HHV] K“gi’;j‘;gg 53,2686 3,9532
Kinematics viscosity - mma/s IS —
Density - glom? 1.01s 0.968
Ash content Weight % 0.15 0.068
Sulfur content - Weight % 3.5 2.99
Moisture : Volume % 1.0 —
fmpurities Weight % 0.5 -
Flash point ‘C 110 or more 120 or more
Pour point ‘C 25 or less 7 or tess
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Table 6-2-1 PFlanncd PPecformance

(per Junit)
i. Boiler type C-FBC
2. Conl ' T Ash MAX
3. Plant efficicacy (wet low calorie base) % 36.5
Boiler efficiency % 87.6
Turbine cfficicncy - % - 45.0
Auxiliary power consumption - % 7.0
Plant loss % 0.3
4. Plant efliciency (wet high caloric base) % 28.5
Boiler efficiency ‘ % 068.3
Turbine cfticiency ‘ ' %o ' 450
Auxiliary power consumption : % 7.0
Plant loss % 0.3
5. Coal consumption (wet basc) - T/H 412
_ /D 9,888
(plant annval utitization = 70%) XIOTIY 2,526
6. Limestone consumption - TH 85
T/D 2,040
(plant annual utilization = 70%) X10%TY 521
Surplus rate _ — 2.0
7. Make up waler T/H 73
Plant using T 73
FGD using T —
T 1,752
(plant annual utilization = 70%) X10*T7Y 448
8. Ash disposal quantity TH 225
_ T/D 5,400
(plant annual utilization = 70%) X103 1Y 1,380
9. By-product gypsum ‘ T/H —
D —
{plant annual utilization == 70%) X 10317y -
0. Boiler outlet flue gas
Wet base X10Pm3N/H 1,294
Dry base ' X 103 m3N/H 978
Gas temperature C 165
1. F{:{; gl;:]sg gropcmcs at stack oultlet 1N 207
Drybase X 10PN/ 98]
Gas temperature ' C 170
SO2 mg/m*N . 2,687
NOx : mg/m*N <600
Dust mg/m*N <100
Qo . ' mg/m*N - <250
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(3) WD RS
KT ORRIERICH ., B CREB—A) HR%. X#k UENAIE) S8, <0
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SR U, SR RON % BRI EE & UCHBRAT ) BMREEH X
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DBEPAA FEEBI ST, E P A MBI CHRE LA BA, B PN
gt &, B PRSI ASA B kb, KA TENEER L
BOBE LA R 5 2 2 ANTETH 5,
CWAFRMFIC. EHME LRI R RS B RGANY X NMEI0%5 % RAAL
BAOHIENEORMIEEELTICRT,

a. HH TNV TERY T4
b. AN AR L, 358, 000 n*N/h (wel)
c. ADFZA MR 50 g/a® N

d. BO¥ R M & 100 ng/m*N

e. AL REE 165 C

f. AR 20 mnAq

g Ry VAR 12 B5f4y
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Table 6-10-11

Dust Collector Comparison (1/2)

(Outlet Dust: 100 mg/m3 N)

Item

Electrostatic Precipitator

Fabric Filter

f. Outline

Its performance would be
affected by changes in the
conditions around inlet as the
specifications are based on those
conditions

(gas quantity, gas temperature
and composition, content and
propérties of dust ete.)

This would not be affected by the .
type of coal or boiler operalion
conditions as dust in the gas is
physically collected by a filter
cloth.

2. Spec.
(1) . Pressure loss

- (2) Insialtation size

3 Performanée

{4) Reliabitity

(5) Operational
Maintain-ability

Small (approx. 20 - 25 mmAq)
Same as bag filter
Dust colléction performance

-yaries in accordance with the

inlet conditions such as the type
of coal used :

* Employed for more than 20
years in coal-fired thermal
power plants.

* Requires constant monitoring
and recording of charging
conditions.

s+ Possibi¢ to determine
component anomalies by
monitoring and recording
charging voltage and current.

+ No major maintcnance
problems.

Large (approx. 150mmAq)
Same as an ESP

Only little affected by conditions
such as coal and operational
conditions.

« Heavily dependent on the
reliability of the filter bag.

+ Filter bag service lifeis2-3
years.

+ The method of dust
concentration and isolation
require consideration as the
outlet dust content could exceed
the standards if the filter bag is
broken.

+ Moisture proof is not known
well.

+ Filter bag damage can be
determined by monitoring and
recording the inlet/outlet gas
pressure loss and outlet dust
concentration etc. However,
methods to detect the damaged
parts and isolation methods
require examination.

* Filter bag must be replaced
regutarly.
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Table 6-10-1-1: ‘ Dust Collector Comparison (2/2)
(Qutlet Dust: 100 mg/m3 N)

Hem Elecirostatic Precipitator Fabric Filter

3. Economy

(1) Facility cost High Low
(dependent on the cost of filter
bag)

(2) Annual running cost | Low High -

(3) Annual expenses Low High

4. Evaluation Performance is affected by the Performance almost stable

inlet conditions. However, this
causes no serious problem unless
the electrical resistivity of the
particles change drastically.
Optimum design is possible as -
the facility costs and annual
running costs change in
accordance with the outlet dust
concentration.

regardless of the inlet conditions.
However, since the facility costs
and annual unning costs do not
change regardless of the designed
outlet dust concentration, this
system becomes advantageous
when the outlet dust concentration
is strict.

6-36



6.10.2 kMR
(0 PRI & ORHE
@) PRSI R AR AR G SRR AR E B,
() 8RS & UHEAIKRESRIE, BRI 5, PR TIHRY 520
BEIRCODDEREESEMIAL LOET 5, |
(c) HEAKMPBEFZRBEIL Rigure 6-10-2-1 “Flow Diagram of Waste Waler Treatment
 Systen” DEHEF B,
@ ZHiHR
(a) (R BEk IR B _
BELEEE ¢ 1, 500/HX | 55

®
@ »BE 1, 500/ HX RN
@ fudaE 1, 500nd/78X1R%)
@

EnRbERE o & BMRIKEK
EEFARBN/y FREER

Hesk iy 1 : EEHEKG 400mx2i8
FEERYKITE 500aTx 24k

®

) BRI |
BEHEEE : 150 /HX 1R

®

@ »8% : 1500t/ HX 1R

@ shinm : 1500/Ax 157

@ IEVERBEER: 150d/HX 1 X5

® HOKEFWE  c SEWIEKEE 1. 500X LE (AHD

ERMHAEGE L, 000X 18 (BEPHD

(c} ki Pk |

M EHFE : 90X 118

@ BHER : 90nx1if

(d)  RTALTRAE B PEK I

@ @EK . 200aix 1

(¢} 2y bk

® EHE : 35ax 2

® BESK : 3abx 2l
() FASO—H : 100dx2H

6-31



[
45 o 3 s

WYL Y217 t
WELeAt AMARLYILL SLiYE Tii¥A

0 MYREYIQ A0S e
YT 1t — )

LI LI EL) WL FY ) i
reosreng Jb 1w smesniin] : B.I@[ . t:_...:ziu..o..uﬁ!oﬁb;n.m_

PTH same astd die ey LTk ased ST . _Iﬁs.:um”. BoRTnIIaY W | pood fr=od aﬁ«._w / SNEG SUNPIR R WU 0 TR T
-

cwyTEy QA fE DR

ae
dunid Lavyreievny Wi}
PIRA S3RI0IS [P0 JO JTeMm Uy,

JIrem TR

{=2-01-9 sanbrg - ’ . . — ...... JOTVCIS (1] hessssenss
. . . i [ryee— pred JUeIC U JREm WITE .

FIUTPIING J3)104, PUE RGN
0y ANk 30 Jaem 28w TS,
x..... JA1H00 3O JIRM UMOD MO

T ........... - LOSUSPUOD JO 1591 MEI] WAL JTem SRAL.
! M AT ATENTUN'T

- m p puod a0 torEm »53_;.

I 1 118Y fowm
1 :Q:.Ea:m.ﬁlll.JHm I

SO0

JFNEA DITEM LTRID UM .
Wy d JuINEvI

1ouue0 3 ﬁ.ll AN I8l JO JITeMm e TUTITEM R .

werd

UMULYEIL) LIEM JO JITRM JISEM ParRousy.

e NTEM APENS ]

] 14¥ r_

VOHETHLNSN vonenil;y L

m 110 SUTPT[ZA J27en SI5%M [PULIOU 195 PRTRauaocd mdr] &

Jo Imum Rste 2ATO0R]D (BITWITD.

o TS R, i

.. * HV JO JATEM 23Sem BUTTRAD.
R0, M, APEREV[YT

[ puod esodstp ysw &1 fesodn, ey |
H o { :
: I\ Bﬂﬂioﬂ\j Saub..uuﬁo _
A _..lnrlﬁl LIAJO PUR AOIUOAT] JO J3TEM NSTH.
35e1035 Jo7Em SIECH| .
I eonTuaup uI puod " s

wondsqT O Suﬂu__i ;
ﬁ S Tl— VOnTTIEINAN, I aod I L xII _ WPUDED ST 3O J31em SiSem ey .
e, ASEA, APENST

IOV FISEM JTES PASHLEIG0 Aw,i\.um

6-38



6.1 1 IRADIPERIE
) Wit sedt
(a) RERABOBBRERROL BDTH 5,
By KEOXAREREM L CHD, ZORIERE Pigure 6-11-1 R

PRl O RIAEEEST o GRRIXE) KRB ot — BTk
C WAREE — B~ B

[ ¥ The 108 -J
- (k%K FHEREM) « —B v S

(b) BEAIRMEOISRIE. SKARAEY 7 GH6A) Hho& 4 | KOEKKEEMNE
B O A N, KA D ORE I AL 2RGTNT BEAKKD
B NEL T VWA,

(¢) BRKIZBR, ROLBVTH B,

- @ifE : 300 ha (3 kum?)
* No. 1~2 &hvay it (X Mo, #1 30 en)
« No. 3(A, BYesvay : B-{ER R, BB 6,765 800 m®= 12 fE4r (at 200MW)

(@) M@AL T RLTFHERIR, XOEBVTH 5,

CRIRR CEHIE ARG, HKGRES, ()
350t/h (= 173 t/h- 2 units), 8,400 t/d, 2,150,000t /y
(HER) 350 L/h:4fE=2201/h, BCOF=20t/h, AHT-201/h, BSPF=901/h

e HER R (DR 308)

450t /h (5 173 t/h 2 units - 1.3), 10,800 t/d
@ Ras®

() JRRHEFIRSE, BHBEAEZROLEEDET D,

@ BEBEIRIEA A Ui O B REES . KMIE-1.0 (5D & LT
JIERS (GIRA-DTH B, KI5 DRBEK I RCRAI NS & 15 bk
RRIST 5 & AP p HE (13BLE) 18 5% T O%RABAER I
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CEMBMEE. B TREERIC LD - IL TV B,
R R, R ] ~10805 RETIEETH » 12,

@ HEEMREE. 70 (2.000m°%X2), ZAHMBRYS, E—F, R}
b STHRE N, FRALERE SR AT HEE (90 t/h) KEREhT
W5, |
SR Y AR AR 119 U/h, 28, $AHHE 58 t/h, 2&

CFREMEA - HOBEREE Figure 6-14-3-1 R T
MRS Table 6-14-3-1 23R 9

(b)Y B A 5 DR - BILSFIC N AEM, LPG(@@%X%)@ﬁ%@

Bid. ROKETHILT 5,
R ARO R BIER /12 kY B,
CEECSIEAME I IRER 26)/1209) &9 B,
2120} OFEBEHRILEVWLDLET S,
CI-AHEE S DR B N~ R ET B,

() BiER

m)xa&ﬁ&#mﬁdg\%#%m%mwaabefao

O FFEEBTRARE, KOLBDERD,

[Eab] a-AFRghes i QED EmME(Lunit)
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HE) = ARSI~ 151 = 10 t/hX 1.5 h
B A 1 =20 t/hX 1.25h
gk = ok Y= 101 = 20 1/BX 0.5 h

CAERER PR (Qunits) = 660 t/Y [680 m*/Y]
(75425+10) t/h « (142) /Y = 330 /Y. lunit
330 t/Y.,/0.968 = 340 n*/Y/ lunit
[LPG] - B BARREMIT BROIBET 5,
330 t/Y-0.04 = 13.2 t/Y  (EMA-R)
13.2 t/Y + 9.525 keal/t.711.84 keal/t = 11 t/Y (LPG 4-3)
1 t/N/0.8 = 14 0/Y (LPG A-7) |
UinL, #KA3 REMIT &R U AKSRTRE . ORI
SIS [T AL=8.75 hr(525min), LPG= 3 min/A-}) DML T A,
SAERIEM PR Qunits) = 1.0 o*/Y
14 #%/Y + 3 minfA~+ « 6 A-4,7525 nin = 0.5 w*/Y/tunit -
@ HAERIGETREE30 0%/ & WMRMWAREH RS Wiz bOREML, 1P
CRMREHS TRRRBELCHFETEb0LT 5,
BU. EBERAE HROBA. BRI D BHREN I L.
BRERELO MUTTHAILMXREIShTWS,
@ 196 REI(802) CEAND b & L. (LM AR 4K Qunits) &
1%, [0.5k2,/7802 /4= T &/l unit < 14 &/2 units] |
(b) BB S-S XBRMBER, KOEBDTH b,
© Hib
a AR : FRAM
b. KeRESEW : FE
c. thiHBM: FLE
® LPG |
a. SARE: VT v T EM(80L) TWAT S,
b, WENSHE : BEOREICEKE L THRREHIRICEMOA ENHT 5,
¢. IHZHE : 81 OBRENCH VRICIE N BES, ROPBEERT B,
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Table 6-14-3-1  Heavy 0il Propertiss

item Bulgarian Standard | Acceptable Properties

Catorific value (HEV) [ MJ/kg 0 39.8 | 39088
(Keal/kg) | - (9, 506) ‘ (9, 525)

Kenematics viscosity | mm?/s - 115 ' —

Density | g/cn’ L0115 0.9638

Ash content Weight | 0.15 | 0.0 68

Sulfur content Weight X 35 299

Moisture Volume ¥ | 1.9 - : : —

Impurities Weight ¥ 0.5 . - —

Ftash point C 119 or gore 120 or more

Pour point C . 25 or tess T or less
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