3.2.3 Production balance
Table 11.3-10 shows the balance of sinter product between %1992 and 2002.

In 2002, the plan of producing by only the three large sintéring plants,
Nos.5 to 7, is selected to raise the efficiency of cncrgj-saving’ and
poliution control effects. ' |

The rcqusred quantity of sinter product will increase from 4.332 Mt/y in
1992 1o 7.022 Mt/y in 2002. Therefore operational avalhbnllty should be
increased from 70 % to 90 % as m Japan by installing yard stock syslem
for sinter product to avoid unschedulcd shutdowns due to unbalance
between BF and sintering planl '

It is necessary that max.productivity is 26 l!d/m2 accordmg to max..
production of BF. Therefore quick lime adding system as measuvres of
increasing produclivily should be inslalldd to iniprovc the permeability of
sintering bed. - |

3.2.4 Analysis of the problems found
1} Energy balance
As the heat balaliéc in Table [1.3-11 shows the encrg):r consumpi.ion in
SIDEX was 596 Mcal/t, about 1.4 tnncs the Japanese consumpuon of
417 Mcal/t in 1992. '
In the input column, consumption of coke brce:;:e and COG is high. In

the output column, sintered orc scnsible heat, waste gas sensible heat,
and decomposition heat of lime stone are high. 7
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2.)

Energy-saving themes

(1} To decrease consumption of coke breeze

2)

&)

To decrease the consumption of coke breeze, a heat pattern should

- be established to transmit the combustion heat to the sintering bed

efficiently, and then optimization of the grain size of coke breeze
and coke brecze distribution in the sintering bed are required. The
sensible heat of waste gas will lower at the same time.

To decrease consumption of COG

To decrease the 'consumplioh of COG, the ignition system of the

ignition furnace should be changed from the present atmosphere

- ignition type to thé combination type of atmosphere ignition and

flame ignition, thus obtaining quick ignition at high temperature.
Together with this revamping of the ignition system, waste heat
should be utilized to preheat the combustion air, thus raising the
flame temperature, and also to preheat the raw material, all

leading to the improvement of ignition efficiency.

To lower sensible heatof sintered ore

To lower the sensible heat of sintered ore, the sensible heat
escaping to the return fine should be decreased by improving the

product yield. This improvement of product yield also decrease
consumption of various energies.
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(5)

To decrease consumption of electric power

As Fig. 11.3-7 shows, the unit consumption of e¢leciric power
changes in reverse proportion to the change of productivity and
yield. To decrease the consumplioh of ¢lectric power, therefore,
the high air leakage ratio of main exhaust gas, 66%, should be
restfaincd: in ‘addition’ to the -improvement . of yié_ld, thus

decreasing the consumption of electric power for:the main blower.
To recover waste heat

The waste heat from the cooler should be recovered efficiently.
The cooler for the No.7 sintering plant is of circular bin type and
since the temperature of exhaust gas is low, it is not suitable for
the recovery of steam and had betier be applied to preheating of

rcombustion air and raw materials for the ignition furnace. The

cooler for the No.6 sintering plant is of straight-line trough type
and can recover the waste heat- by steam- from the -high-
temperature waste gas in the upstream in the cooler.
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Table 11.3-10, Sinter Product Baiancse

{1) Sinter Product Balance In 1892

No. | ~No, 4 Sintering Plant
20 t/d/n
Utilization 3%

Productivity

1,811 kty

Hd,SwvHo.ﬁ Sinfering Plant

Production |—

B F

Sinter supply

Production

950 ki/y

20 t/d/m?
Utilization "%

Productivity

No, 7 Sintering Plant

Production

L 471 kiyy

22 t/d/n?
Utitization 71 %

Productivity

4,332 kity

Pig iron 2,823 ktsy
Sinter ratio 84 %
Ore ratio .13

Sinter consumption

4,115 kt_/v

Return fine

Fine ratio 5%

217 ktty

(2) Sinter product balance In futurae (2002)

No, | ~HNo. 4 Sintering Plant

Not in operation,

No, 5 3 No.B Sintering Plént

B F

Sinter suoply

Productiﬁity 26 t/d/m? | Production

Utilization 90 %

13,050 ktry

. Mo, T Sintering Plant

Productivity - 26 t/d/m?
Altitization  90%

Production

3,972 kt/y
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1,022 ktty

Pig tren 4,770 kt/y
Sinter ratio 80 %
Cre ratio 1.7%

Sinter consumption
b, 618 ktsy

Return fine

Fine ratio 5%

344 ktry




Table 11.3-11, Heat Balance for Sintering Process{(192)
SIDEX
l tems . : : - : ~Japan
Remarks Wal/t-sinter
Coke breeze Coke consumption 67 ka/t ’ ‘ '
Calorific value 6,800 kcal/t 455 Meal/t | 305 Mcal_/t
1 |COG O0G consumption 9 Nm'/t _
N Calorific value 4,250 kcal /w? - 38 Meal/t . 8 WMeal/t
P _ ' -1 '
U | Sulfur oxidizing | Sulfur uwnit value - 1.1 ka/t-s _ .
T | heat - | Calorific value 2,500 keal/kg 3 Mcafﬁ i Mcal/t
Sensible heat . | Material volume 1,}4'{ kg/t-s : : ‘
of material Specific heat (.22 keal/kg °C 4 Meal/t 4 Meal/t -
© | Nean temp i1°C :
Total : 500 Mcal/t | 368 McaI/:t |
Sinter cake Sinter cake - 1,470 ka/t ‘ -
sensible heat | Specific heat (.22 keal/kg °CG| 146 Meal/t | 119 Meal/t
Temperatuer 450 °C ' o : :
Waste gas Waste gas volume 3,000 Nn'/t - _ : E
O | sensible heat | Specific heat  0.32 keal/Nw'°C| 90 Meal/t 53 Mcal/t
U Waste gas tep M °C
T e ——— - . e
P | Resolution heat |Limestone consumption 270 kg/t 114 Mcal/t 16 Meal/t
U | of limestone Resolution heat 420 kcal/kg
T _______ - ]
Resolution heat | Conbired water = 1.5 % C : .
of corbined Raw material 940 kg/t-s 17 Mecal/t 23 Meal/t
water Resolution heat 1, 200 keal/kg :
Latent heat of |Moisture in sinter mix 6§ % o
sinter mix H,0 | Sinter mix volure 1, 147 kg/t-s 57 Mcal/t 46 Heal/t
Latent heat 00X inwastegas 0.6% - )
of €0 waste gas | Waste gas volume 3,000 Nn’/t-s 59 Mcal/t 45 Meal/t
{0 burning heat 3,000 kcal /Nn
Heat loss 21 Meal/t 6 Mcal/t.
Total 500 Meal/t | 368 Meal/t |
Electric consumption | 39, 3 kin/tx 2, 450 keal/khh 06 Mcal/t | 79 Meal/t
Heat recovery Nona 0 Meal/t | =30 Meal/t
Total energy consumpt ion - 596 Mcél/tf |- 417 Meat/t
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3.2.5 Measures and estimated effects

Table 11.3-12 shows the energy-saving measures for the model plant and
their estimated effects. Operational measures will save energy by SMcalft,
improvement of facilities by 16 Mcal/t, and facilities expansion by 90
Mcal/t, amounting to 111 Mcal/t of energy saved in total. And the energy
unit consumption in 2002 is estimated 1o be about 485 Mcal/t. Though this

effect is based on the production quantity of 1992, the similar effect can be
expected for 2002,

Table 11.3-13 shows the heat balance of the sintering process in 2002,

which will be roughly similar to the level in Japan if the raw material
conditions are compensated for.
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Table 11.3-12. Energy- Swmg Measures for Sintering Plant and Estimated Effects (112)

1) Overall

Ranking of measurcs

QOutline of measures

Estimated effects

improvement of
operation

—

. Improvement of buming _ : '
(1) Avoidance of excessive air at the pallet sldcs —-——- - - Enhancement of the compaction of the sinter bed at the pallet sides
(2) Avoidance of large coke breeze sizes - —- - Enhancement of the crushing of coke breeze

2. Prevention of air leakage

Yield 0.2%

(Coke 0.1 kg/t)
(AE 0,1 kWh/t)

1
(1) Prevention of the air leakage around the pallets ~ - Maintenance of the pallet side walls and grate bars Air leakage 3% decrease  (AE 0.6 kWh/t)
Yield 0.5% (Coke 0.2 kg/t)
- (AE 0.3 kWh/t)
(2) Prevention of the air leakage around the EP - -~ ---Maintenance of the seal portions Air leakage 2% decrease  (AE 0.4 kWhit)
Partial modification [1. Improvement of buming _ :
of equipment Aveidance of excessive air at the pallet sides —- -~ - - Mounting of blind grate bars to the sides Yield 0.5% (Coke 0.2 kg/t)
: (AE 0.3 kWhit
Airleakage 1% decrease  (AE 0.2 kWh/)
2. lmprovement of the ignition furnace (COG 2.0 Nm3/t)
Prevention of the penetration of cold air into the -~ -~ -1 - Enhancement of the seal of the ignition fumace
I ignition fumace - Improvement of the control of the air volume sucked under the
ignition fumace
3. Prevention of air leakage :
(1) Modification of the pallet seal mechamsm - - Seal bar construction Air leakage 5% decrease  (AE 1.OKWh/t)
}-ﬁ Dead plate construction
_ --Construction of seals between pallets
(2} Modification of various kinds of valves Main exhaust pipe, EP dust valve, elc. Air Teakage 5% decrease  (AE 1.0 KWh/t)
Expansion and 1. Enhancement of the operation control system '
renewal of (1) Enhancement of the operation contro! system -~ - -- -Measurement of the cold strength of sinter product Yield 2.0% (Coke 1.0 kg/t)
equipment : (AL 1.2 KWh/1)
(2) Partial renewal of each weighing machine -~ - -~ Improvement of the weighing-out accuracy of raw materials and Coke breeze (Coke 2.0kg/t)
: fuels '
2. Improvement of buming o
(1) Improvement of the burden distribution -~ - -~ ----— - New-lype charging device Yicld 3% {Coke 1.5 kg/t)
_ ' o - (AE 1.8 kWh/Y)
(2) Enhancement of the sizing of coke breeze - — -~ --- - - - Installation of a recrushing system for targe coke breeze Coke brecze {Coke 3.5 kg/t)
3. Ignition furnace
I Great heat Yoss because of atmospherc ignition ----- - - - Replacement with a small-size ignition fumace Decrease of COG (COG 4.0 Nm3f)
4. Recovery of cooler waste heat
(1) Preheating of the raw material mix and the ¢combustion air for the ignition fumace Yield 0.5% (Coke 0.2 kg/t)
: (AE 0.3 kWh/t)
Decrease of COG {COG 0,5 Nm3/t)

(2) Instaitation of new equipment for recovering the sensible heat of waste gas at about 300°C in the No.6 sintering plant

{5) Production increase

{1) Improvement of operational availability -- - - Yard stock systens for sinter product

Production increase

{Steam 15 kg/t)

(AE 1.4 KWhE)

_ (Coke 0.6 kg/t)
(2) Improvement of permeabitity  -----------------~-—-——-- Quick lime adding system Yield 1% increase (Coke 1.0 kg/t)
: Production increase (AE 2.0 kWhit)
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TableN.3-12.  Energy-Saving Measures for Sinlering Plant and EstimatedEficcts (2/2)

2) Results of improvement in energy consumption
| SIDEX
Encrgy item Unit - Before the Afterthe Japan
_ ‘. ‘ improvement | improvement
Cokebreeze | = kgh 67 567 (- 50
i ' ' - (72) 10.3)
COoG Nm’ft 9 . 15
2.5 (-6.5)
Electricpower kWit 40 - 32
_ : ‘ 29+ 5%(-6) -
Yield % (68) ' (84)
' (76)  (+8)
Airleakage G (66) - (33)
(50 (-16) N
Brergy Ml | 596 ass  (un| 417
consumption _

- Difference between SIDEX after the improvement and Japan
Coke breeze ¢ Difference in calorie 2.8 kght
» Difference in yield 2.4 kgt
. Dif_fcrcncé_ in scale consumption 2.9 kg/t (Japan 21 kg/t)
Yield .+ Difference in slag content of 5% (SviT.Fe: 0.6/0.4)
| raw material '
« Difference in quick lime 1% (Japan 13 kg/)
consumplion _ _
% Increase . due o 5irls(allati0n of energy saving and environmental

facilities

3) Summary of improvement in energy consumption

Coke breeze COG Electricity Total
- Mcalt Mcaift Mcalft M L’f/l
(kg/t) (Nmf0) KW/ ca
Fmprovementof opetation | 20 ‘ 3.4 5.4
: o 0.3) (1.4)
Partial modificationof I O R 8.5 6.1 16.0
cquipment . _ - (0.2) (2.0) (2.5) )
ixpansion and renewal of 66.6 19.1 16.4 - 90.1
_lequipment - . (9.8) (4.5) (6.7) :
(Increase in electricpower) -12.0
Total - 700 27.6 13.9 111.5
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Teble 11.3-13, Heat Batlance for Sintering Process(2002) |
S 1 DEX
I tems : - Japan
_ " Remarks Mcal /t-sinter | -
Coke breeze Coke consusmption 6.7 ko/t ? _ o
' Calorific value 6. 800 keal/t 385 Meal/t | 355 Mcal/t :
i | co 006 consurption 25t | TR
N Calorific value 4,250 keal/Nn? 10 Meal/t 8 Meal/t
Pt S - e : :
U | sulfur oxidizing | Sulfur wnit value 1.0 ka/t-s j_ Lk
T | heat : Calorific valle 2, 500 keal/kg 3 Meal/t 1 Meal/t.
Sensible heat Material volure 1,747 ko/t-s | ST R
of material . Specific heat .22 keal/kg °C 4 Meal/t 4 NMeal/t:
' Mean tenp . 11 °C
Total 402 MWcal/t | 368 Mcél/tf
Sintér ceke Sinter cake -1, 313 kg/t ' ' RS
sensible heat Specific heat .22 kcal/kg °C| 130 Meal/t | 119 Meal/t
Temperatuer 450 °C : :
Waste gas Waste gas volume 2,000 Na*/t , PR
O | sensible heat Specific heat 0,32 keal Nni"C 58 Mcal/t h3 Meal/t -
) Waste gas temp Q0 °C -+ - ; :
P | Resolution heat |Limestone constnption 213 kg/t 9 Meaist 16 Meal/t
U |of limestone - |Resolution heat 426 keal/kg SO
T | _ e e e e e e . .
Resolution heat | Combined water 1.5 % TP
of conbined Raw material 987 kg/t-s 18 Meal/t 23 ¥eal/t
water Resolution heat 1,200 keal/kg | '
Latent heat of |Moisture in sinter mix 6% o _
sinter mix H,0 .} Sinter mix volure ' 1,580 ko/t-s § 51 Meal/t 46 Meal/t
Latent heat 0% inwaste gas 0.8 % B
of 00 waste gas | Waste gas volume 2, 000 Nn'/t-s 48 Meal/t 45 Meal/t
00 burning heat . 3,000 keal/Nn® | A S
Heat loss ' 6 HNeal/t 6 Meal/t:
Total 402 Mcal/t. | 368 Meal/t.
Electric consumption [ (28 +5)kkh/t X 2,450 keal/kbh 83 Meal/t- | .79 Meal/t’
Heat recovery . - ' ( 3:,Mcalft)l --30MCa]/t
Tota! energy consumption _.485

160

Mcal/t

"1

M_cal/;t




3.3 Blast Furnace

3.3.1

Outline of the faciities and present situation of the energy-saving facilitics

- The blast furnaces consume the maximum energy in SIDEX, and since the

fuel ratio 'is high compared with that in Japan, energy saving of blast

furnaces will bring about the largest encrgy-saving effect on the whole
SIDEX.,

The main sbccifications of the blast furnaces are shown in Table I11.3-14,

‘Four small BFs of about 1,800 m’; one medium BF of about 3,000 m?, and

- -one large BF of about 4,000 m* (No.6 BF, model plant). In this No_.6 BF,

‘3.3.2

natural gas is blown inas auxiliary fuel.
As energy-saving facilities, top pressure recovery turbines (TRT) are

usually installed in Japanese high-pressure large BFs, but not in SIDEX.
Hot stove waste gas recovery equipment is not installed in SIDEX, either.

- Operational status

1)  Production quantity

- The annuval produétion of about 6 million tons by six BFs in 1989 has
lowered because of the decline of demand to the present 2.5 million
tons by three BFs (Nos. 2, 3, and 6}.

2) Life of BF
BFs started up in succession at intervals of a few years, starling with
No.! BF in 1968 and coming to No.6 BT in 1981. The life of BF is,

- however, as short.as 6 to 7 years, compared with' 10 to 16 years of
" the latest model.: :
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4)

5)

6)

Life of hot stoves

No.6 BF is equipped with four hot stoves of DIDIER external
combustion type, but the life is as short as 6 to 7 years, compared
with more than 20 years of Japanese one. The life of ceramic burners

~is also as short as 2 10 3 years, compar_éd with about 20 years of

Japahes’c one,
Life of tuyeres

The life of tuyeres is as short as 60 to 80 days, compared with about
1 year of Japanese one. To raise the operational availability of BF,
elongation of the tuyere life is inevitable.

Raw materials for BT

Sintered ore made of mainly the iron ore from Krivoirog in__U_kraine
occup'ies about 80%, and the remaining 20% is the oxide pellets from
Krivoirog. The purchase of raw materials, however, is presently
unstable and the pellet mixing ratio greatly fluctuates between 0% and
40% every month. Furthermore, T.Fe of sintered ore is as low as
around 50%, which explains why the BF slag ratio is as high as 450
kg/t, higher than that of Japan by as much as 150 kg/t. To target
stable operation of BF, ‘long-term stable procurement of BF raw

materials should be secured,
Operational parameters

The operational parameters between SIDEX No.6 BF .and Japanese
one are compared in Table 11.3-15. '

There are many differences. - The parameters that deserve the most

careful atiention for energy saving are ‘the  fuel rate- and the
productivity.
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The fuel rate of No.6 BF is higher than that of Japan by about 60
kgft. Decrease of this high fuel rate naturally leads to large energy
saving and energy cost reduction. Since the high fuel rate increases
the BEG recovery as shown in Fig. 11.3-8 but at the same time
increases the blast air as shown in Fig. 11.3-9, decrease of the fuel

fate is needed.

The productivity is as low as about a half of that in Japan mainly due

" to the present reduction of production.

" In terms 6f_ energy saving, howéver, this should be avoided as much

- as possible and c¢fforts should be made to -improve the productivity

through sufficient study of the operation plan.

For high productivity, the furnace top pressure has to be increased. If

more than 6,000 1 of daily production is desired, the furnace top

~ pressure should be higher than 2 kgfem® as shown in Fig, 11.3-10.
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Table I1.3-15. Comparison of Data among SIDEX, Japan, and Kobe Steel in 1992

(Average Value)

11-65

o Unit | SIDEXNo6BF¥ | Japan(Av) | Kobe Steel (Av) |
Productivity t/cum - 0.97 1.86 1.82
Coke Rate kgh 539 432 382
Aux. Fuel Rate kght 39.5 (NG) 81 (PCY) 132 (PCI)
Sinter Ratio | % 85 17 ' 54
PelletRatio - % 14 8 31
Blast Volume Nm’/min 4,611 4,928 4,812
BlastTcmperalurc T 961 1,095 1,097
Blast Pressure kg/em’ 2.46 372 3.91
Top Pressure - kgfem’ 1.32 2.27 2.28
SlagRate ket 455 310 282
Si in Hot Metal % 0.89 0.44 0.36
BFG - Nm'it, 2,033 1,673 1,680
TRT Recovery kWht - 39.8 42.8
HS Recovery Mcalt - 17.8 23.5

BFG Nm'/t 661 384 374
HS |COG | ‘Nm'ft 3 19 5

Other Fuels Nm’/t 14 (NG) 16 (LDG) 59 (LDG)
HS Heat Efficiency % 78 85 88
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3.3.3 Production balance

The production balance in 2002 as the basis for the study of cnergy-saving

measures is shown in Table 11.3-16.

Table I1.3-16. Production Candition in 1992 and 2002

Item | No.d BE| No.2 BF | No3 BF | No4 BF | No.5BF | No.6BF | Total
g?)ac“y 1824 | 1824 | 1820 | 1824 | 3028 | 4002 | 14,526
Opcration | . . ' .

Staus Stop | Operating | Operating | Stand-by | Stand-by | Opcrating -

1992 - '

y"“’"“""" | os2 | om . } 097 | -
?z:;uon Stop Stop Stand-by | Stand-by | Operating Opcﬂling -
Coke Rate 370 kgft | 370 kght
PC Ratio - - - - 150 kgft | 150 kgt
2002 [ Guctivit :
et - _ _ _ 1.8 1.8
y T
Production .
- 2,063 . 2,707 | 4,770
ktfy) - - ” -

1)

BF fuel rate

SIDEX plans to lower the BF fuel rate from the present 580 kg/t to

48C¢ kg/t in 2002, which may be difficult: considering the présent

operating techniques, raw material

conditions, and furnace

1op
pressure.

To be more practicable, after measures such as installation of PCI

system,

revamping of blowers, and

installation of sensors for
confirmation of furnace conditions are taken at the relining of No.6 _‘
B in 1996, the fuel rate should aim at 520 kg/t in 2002 (PCl rate 150
kg/t and coke rate 370 kg/t, almost similar to Japanese BF), which is
slightly higher than the expected lowest level 510 kg/t.

See Section 11.3.3.5 for the measures,
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2)

BF operation plan

SIDEX plans to use Nos. 4, 5, and 6 BFs for 2002, Because the
average productivity is 1.44 (tapped quantity per day/inner volume),
which is around the lower limit in Japan, BF operation will be even
insufficient comp.ar_ed with other steelworks such as those¢ in the West
in ter_‘ﬁis of prdductivity and energy saving. The relationship between
productivity and fuel rate in Japanese Blast Furnaces is shown in Fig,
I1.3-11. As shown in this figure, there is an inverse proportion with
produc-tivity and fuel rate. For obtaining fuel rate below 520 kgft,
prodticlivily has '_to" be more than 1.7. Therefore, at the average
production in 2002, use of large Nos. 5 and 6 BFs at the productivity
1.8 is preferable. However if the present operational availability is
maintained, prodlzciivity 2.0 has to be attained. Therefore measures
for raising the operational availability recommended in Section

11.3.3.5 are required.
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3.3.4 Analysis of the problems found

3.3.4.1 'Analysis of heat loss in the heat balance

Table H.3-17 shows the heat balance for the BF and hot stove.

1)

2)

BF proper

The input heat in No.6 BF is 4.6 Gcal/t, higher than that of Japan by
about 400 Mcal/t, mostly because the fuel rate in SIDEX is higher
than that of Japan by about 60 kg/t. Blast input heat is also higher
than Japan by about 45 Mcalft, because the high fuel rate raises the

- blast air unit consumption higher than that of Japan by about 300

Nm'/t. (The blast air temperature in SIDEX is lower than that of
Japan by 130°C.) Because the input heat is higher, the recovery of
sensible heat of BFG is larger than that of Japan by 350 Mcal/t, while
the heat'loss from the B¥ shell is larger by 90 Mcal/t.

Hot stove (HS)

The input heat to the hot stove in No.6 BF is higher than that of Japan
by 110 Mcal/t. As seen in terms of the output heat, the difference 45
Mcalft is caused by the higher blast air unit consumption, while the
difference 85 Mcal/t is caused by the differences of heat loss from
waste gas .or HS body. The difference 20 Mcal/t is caused by
existence/nonexistence of waste gas recovery facilitics. The difference
in heat loss of waste gas and HS body is possibly caused by (1)
excess air combustion as seen in the O2 concentration as high as 4-5%
in waste gas, compared with 1-2% in Japan, (2) larger radiation heat

from hot stove due to long flame, and (3) no application of heat-

- insulating material to the hot stove shell.
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3.3.4.2 Analysis of the operating data

The most effective energy-saving measure is to decrease the fuel rate as
judged from the operating data. The operating condition of the No.6 BF
using RIST model is as analyzed below (see Fig. I1.3-11):

(1) The inclin.alion is larger because of the highcf -fuel rate. The gas
reduction efficiency, shown in point A, is lower, and the input

- oxygen rate shown in point B is larger.

(2) The shafi efficiency, shown by the dif.fercnce between the point W

- {equilibrium point with Wustite) and the operation line, is as low as
79.2% compared with the Japanese 95.6%, showing a quite low BF
reduction ¢fficiency. -

Considering the-above, since the direct reduction rate shown by point D is
high in spite of the high fuel rate, improvement of reducibility of raw

materials and BF gas distribution control technique is important.

Based on the above, improvement plan should be framed. The decrease of
~ fuel rate will be as follows compared with that of Japan: .

Item Decreaseof fuel ratio _' . | _Methg__d
» Decrease of 29 kgft " Increase of T.Fe in iron ore %
slag ratio 10 kgt - ' Decrease of ash content of
| ' - coke
» Decrease of - 17 kgft

moisture in

blast air
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* Improvement 17.5 kght » Optimization of BF gas
of heat loss distribution (improvement
of burden distribution and
optimization of
circumferential blasting
condition)

* Improvement of
permeability and high
pressure operation

« Improvement of
reducibility of raw

% materials

+ Improvement 7.6 kgft Modification of tuyere

of operational

availability

The above improvement of heat loss will lead to the improvement of shaft
efficiency from the present 79% to the level as high as in Japan, which

will bring about the following decrease of fuel rate:

ltiem Decreaseof fuel rate
+ Increase of 13.9 kgft
§§ blast air
temperature
+ Decrease of 10 kgft

Si in hot metal

Conclusively, the target fuel rate of No.6 BF should be around 520 kgit
_ considering the present situation of SIDEX. This affords operation at the
fuel rate 510 kg/t, which decreases the fuel rate by about 70 kg/t.
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Table I1,3-17. BLAST FURNACE & HOT STOVE ENERGY BLANCE (SIDEX JAPAN)
Blast Furnace SIDEX § BF(93)  JAPAN {92)
Heat lnput 4504 4118
_ Ftems Meal/t | % Mealft 1%
Hot Stove SIDEX 6 BF(93)  JAPAN (3D) o : : _
I : : < | Coke 3131 |8ne| 3061
HS Input 628 518 : o ' :
S e b ‘ Ziec 0 |0 605
l T iE 20 B
! I tems Heal/t | % Meal/t | % : 2 i 0il/Natural gas 38 5.9 20
‘&;5 Dry air 46 1.3 67. {129} : Slag formation &4 1.4 43
z% Woisture i 0.2 3 0.6 =: Burden material 1 0.2 1
5% L (sensf{ble heat)}
E 0, earichment ] 0 1 0.2 1. =
I IR i total A9 |89.5] 373
E &6 99 [t 203 156.6] :
2 g 6 | 26] & |6 ~
3 - : .-E Dry air 419 | 10.4 414 9.9
?} Natural gss 41 7.5 (106 32 6.2 E':
Aot ——— 7 | T | Moisture 6 | 0.1 2 0.5
=186 10| LT 1|13 1 | gap— :
°% €10, earichnent o |0 T }o02
21006 0 0 0 0 - = . ;
P total 485 (10.5] 442 |106|
"B | Natural gas 0 0 - 1-
2% :
22| conbustion air T 6 | 1.1 \ :
o « | Reatloss o |1e] | 48|
& | Preheater 0 0 18 | 3.5 8 teon His :
"‘:; recovery heat .'5 : _
e - —— _ £ | Exhaust gas 68 110.8 3 | 66|
: | \ Total 3 |aue| s we| i
Preheater 0 0 18 35| i
i recovery heat
i
L e e it eveneeeeeeeweteemtveeeiessaseessiessesmseesesesritesssresieeesteiianeneietrasetrrarane ;

ey

SJOEX 6 BF(33)  JAPAN (92)

Heat Qutpul 54504 4|;;3 )
I '_ = — S _—
hf!caljt % Mcal/ft 1%
i
BFG (Latent heat) 1626 |35.3] 1269 |30.4
T2afe ] ew [sa] e feeo
2_ Si, Y. P 8t | sl 44 | 1
ﬁ‘i Hot metal 300 6.5, 318 1.6 .
;:%,g Slag i ez s |33
Carbon in metal 356 .1 384 9.2
Cecomposition 0 0 110
heat(lime stone)
;ta l‘ 2543 [55.2) 2524 |60 4
Carbon in dust 33 0.7 5 1.3
v Top gas n L1 91 2.3
© [ (sensible heat)
S heat toss ws {a| as | s
from furnace ;
total | 402 8.--8 332 8.!;
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Y=0O/Fe

Fig.IL3-12. Rist Diagram
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3.3.5 Countermeasures and estimated effects

3.3.5.1

1)

2)

Philosophy of countermeasures
Fuel rate

In order to-lower the fuel rate, the stable ‘operation of BF is

_ indispensable for i_mpr&ving the performance of BFs. This can be

achieved by"increas'in'g 't'h_e availability of facilities and securing the
furnace’ permeability, and stabilization of the taw material and
intensifying of tapping and slagging control. Funhermore it is
1mp0rtant 1o obtam thc nmprovemenl of rcducuwty and he'it efficiency.
For this purpose, it is neccssary to chcck lhe in-furnace state of the
cohesive zane, the gas flow in furnacc, the dc'idman coke by using
the daily sensors, and on the base of these information it is inevitable
to use the control system atij;_lsling, the burden distribution at the
throat and blast condition. And it is impérlant not only of the
increasing the reliability and rcplacin'g of controller and monitor for
the operation of BF, but also renewal the cooling cquipment of BF
body and the cast house eﬁuipmems and layout to intensify of tapping
and slagging at the rebuilding of BF. |

PCI

After achieving the PCI rate of 150 kg/t, the big energy saving effect
will be obtained by stopping the now operating small coke ovens
(No.1-4 CO) on the balance of coke supply. PCI 150 kg/t is not easy
to inject, which is rather high even if in Japan. However, before
injecting at the No.6 BF, the small BFs No.4, 5 BF is injected. By
the experience of PCl operation and below mentioned
countermeasures, it will be able to achieved the level of this PC rate.

: Application of above mentioned monitoring and controlling

: Application of the operation and equipment technique {ref. 3)
: Increasing the strength of coke
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3.)

4)

: Renewing the blower

" The capacity of PC injecting at No.6 BF is decided 200 kg/t in order

to apply the future capability of increasing the amount of PCI and

reduction ‘of the purchased coke in future and decreasing the coke

product capacity in future by the life of coke oven.

Technique of massive PC injection

Fig. I1.3-14 shows the phenomenon in the furnace as all coke
operation {Left Fig) and PCI operation (Right Fig). This means that
increased PC rate changes not only Ore/Coke ratio but also increasing

of top gas temperature by decreasing the heat flux ratio, increasing

‘the heat-loss from the furnace body by increasing of peripheral gas

flow and inactivation of the deadman coke by increasing of unburnt
PC. Théreforc, the countermeasures as shown in the right column in
Fig. 11.3-14 must be necessary. As the concept of the coke center
éhérging method which is the most important countermeasure, is

“shown in Fig. 11.3-15, Kobe Stcel, Kakogawa No.1 BF is stably

continuing injecting more than 190 kg/t PC by the techaique of the
center coke charging' and the control of PC injecting position. In
SIDEX, it is inevitable to apply the operation technigue for PCI. And

it is able to introduce the center coke charging method by bell-less
charging in No.6 BF and by newly installed one in No.5 BF.

Renewing the blower for BF

~ As shown in Table II_.3—18. the capacity of now installed blower is

3.3_kgi¢m? for the désign capacity of 5.0 kg/ecm2. Therefore, this
cau‘s.;:‘s the decrcasing the capacity of productivity and the increasing
fuel rate by irln.éreasing thé. gas i'el'ocity in BE. On the other hand, the
blast pressure is predicted to be increased till 4.25 kg/em2 for future
i_na_::_reas_ing' _p‘rolducliv'ily ancl.ilncrcasing PC rate. _. Then it is desired to

renew the whole installation.
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Table 11.3-18. Blower of Blast Furnace

Present - Future (2002)
Productivity  (pid) | 5000 8,000 8,000
PCE . (kg/t-p) L0 o | 200
Blast Press.  (kg/cif) 26 36 | 40
Top Press.  (kg/cif) ) 15 20 20
ar (kgfer) | e | 20
BlowerPress. (kgfe) | 285 | 385 | 425

Reduction @)f energy consumption in the hot blast stoves

The facilities for the hot blast st‘o.vcs' have outstanding features as
given below thanks to the incorpbration of regenerative-type heat
exchangers, using some refractory mater:al to wuhstand temperature
as high as 1, 200"- 1300°C in its hcaung blasl

: Reciprocal operation of hle'alingr(_:combusli'ng) and cooling.
(b!astmg) periods. |

! Variation of temperaturcs in the waste gas and lhe checker
chamber outlel _ o _ ‘

: Some operatling lcmperature lmntatmns 1mposcd accordmg to

struciural and heat resisting capacity.

As a result, the above will be enumerated in detall for the sake of
planmng the facilities of the hot blast stoves, ‘further smdy of

facn!mcs and gencral unprovement in operanon

As for blast syslcms in whlch the blast tcmperaturc is to be kept
constant against variation of lhe hot air temperalure at the checker
chamber cutlet, both the single blast system “and the staggered parallel
blast system are incorporated. Figs. 11.3-16, 3-17 give the variation
of blast quantity through the checker chamber, variation of oullcl_blast
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temperature, variation .of waste gas temperature, and tempcerature

_distribution of checker chamber bricks respectively for each of the

blast systems. Since the checker chamber outlet temperature will be
gradually lowered, the mixed cold blast quantity will be reduced in the
cas¢c of a singic blast system, eventually letting the quantity of blast
through the checker chamber maximized at the end of the blasting

- period; but in the staggered parallel blast system, the quantity of blast

through ‘the checker chamber will be increased up to a specified
amount in the former half of the blasting period, and then reduced so
as to supplement the blast quantity of the former half when it enters
the latter half of the blasting period. The heat accumulation in the
combusting period can be maintained uniformly in the overall checker
chamber in"the single blast system, because of the temperature
variation range of the upper part of the checker chamber being kept
between the dome temperature and the blast temperature; but in the
staggered parallel blast system, a combination of two units of the
blast allows the heat accumulation in the upper part of the checker
chamber to be utilized at a temperature lower than the blast
temperature. Heat accumulation in the boltom part of the chamber will
thus be reduced so that the waste gas temperature will also be
lowered. This naturally lead to improved thermal efficiency. The
blast temperature vs. thermal cfficiency is shown in an arranged form,
taking the dome temperature as parameter in Fig. 11.3-18, where it is
noticed that as the differential between the dome temperature and blast
temperature increases, so the utilization of accumulated heat on the
upper part of the checker chamber also may increase, resulting in
decrease of the waste gas temperature, greatly improving thermal
cfficiency; on the other hand the available range of blast temperature
variation will be limited in accordance with factors such as the upper
limit of the waste gas temperature being restricted by the thermal
resistivity of the brick-supporting metal,the uvpper limit of dome
temperature being decided by the thermal resistivity of the bricks,
etc., and the lowest operating tempersature of silica brick.

The flow chart of improvcmem by the fundamental characteristics is
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shown in Fig. 11.3-19 on the viewpoint from the encrgy saving in Hot
Stove. On the basis of this figure, the improvemcm of HS in SIDEX
is shown below. ' -

Now the heat efficiency of HS is 78%, butit will increase tili 83% by
the installation of waste gas recuperator. * On the other hand it will be
necessary to increase the blast temperature, in order to decrease the
fuel'ral.e of BE. Then it must be changed from the single blast system
to the parallel blast system or staggered parallel blast Sjst'cm which is
" high heat-efficiency and is able to blast to high temperature. And in
order to increase the heat efficiency’ for combustion period of HS it is
- necessary to be installed.lhat'the introduction of new control system,
the oxygen concentration monitoring  sensor for waste gas, the
quantity control of combustion fuel gas and air, and the gas holder

which decreases the variation of BFG pressure.
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 3.3.5.2 Measures and estimated effects

This section shows the cneigy-saving measures for the model plant and
their estimated effects. As explained so far, the most important in energy
saving is to lower the fuel rate and to raise the productivity, which require
facility improvements and operational optimization, Accordingly, it is
inevitable to establish the optimum operation by introduction of proper
operating techniques and training for high PCI, high pellet-ratio operation,
e,

LExecution of the energy-saving measures will manifest the effects shown in
Table 11.3-19.

Table 11.3-19. Estimated Operation of BF after Execution of Energy-

Saving Measures

Present Aftermeasures in 2002
BF input heat ' 4.6 Geal/t 4.2 Geal
Productivity 1.0 1.8
Fuel rate 580 kgt 520 kgh
Coke rate 580 kgt 370 kgh
BI'G generation 2,000 Nm'/t 1,570 Nin'fi
HS input heat : 630 Mcal/t 460 Mcalft
S efficiency - 78% 85%
TRT recovered electricpower - 29 kWht
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33.53  Encrgy saving by improving the operation (including cnhanced control of operationand maintenance)

Estimated

To increasc furnace pcrmeability

To supply high-temperaturcblast to BF
To decrease Si contentin hot metal

To increase operational availabilityof
cquipment

+ To blend small coke into iron ore
+ To use flux pellet

+ To increasc the cold sirength of coke

+ To improve the high-lemperaturepropenties of sinier and pellet (such as making the
pelletinto flux pellet)

+ “To decrease the fines of iron ore

To increase sensible heat of blast duc to decrease of fucl rate

To decrease Si contentin hot metal(secondary effect)

Purposcs | | Measures Detaiisof Mcasures Effects in 2002
1. To decrease fucl ratcof To optimize fumace gas distributionby |+ To sccurc stable central gas flow by burden distribution control using PW system
blast furnace improving the burden distribution » To install sensors, such as gas samplerand profile meter, for detectionof gas radius

(decreasing the heatloss from fumace distribution

body and improving the gas wlilization -

efficiency)

"To optimize fumace gas distributionby 1+ To sccure the raceway depth by optimizing thetuyere wind velocily

optimizingthe blast condition (decreasing |» To secure the balanceof circumf{erentialblast -

* the heat loss from furnace body and

improving the gas wtilizationefficicncy)

To increascthe reducibilityof raw : : _

matenals » To siabilizethe blending ratio of sinterand pellct

' » To stabilizethe basicity of sinter at high level AdlA
+ To stabilizethe FeO coment of sinter at low level _ 1.4 kg
« To decrease the size of sinter (high-pressure
operation base)

To conducl preventive mainienance(utilizing the scheduled BF shutdown)
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Beiailsof Mecasures

Estimated

Purposcs Measures Effects in 2002
1. Todecreascfuclratcof |8, To decreascthe blast humidity To decrease the blast humidity in order to Jower the moisture decomposition heat - 17 kgh
blast furnace (Comd.) . ) ﬁ
« To purchase and blend iron ore whose e contentis higher (to blend iton ore whose
9. To decrcase the slag ratc Si02 content is lower) N29 kgh
+ To purchase coke whose ash contentis lower
Al kgh

2. To decreasethe suﬁply
volume of blast ta BF

‘fo decrcasethe supply volume of blast per ton
of hot metalby decreasing the fucl rate

To decreascthe fucl rate by the above measures, which increases the productivity;
allowing the numbcer of operating Bl's 1o be decreased

1,500 — 1,200 Nm’/
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3354

Encrgy saving by modifying or improving the cquipment (including auiilidry cqu'ipmcnl)

availabilityof blast furnace

2.To increase cooling ability

velocity of cooling water at tuyere nose, to improve water chanaclinside tuyere, 1o
improve materialof tuyere, to apply lining to upper part of tuyere, cic.)

+ To increase supply pressure and volume of cooling water (1o increaseihe water
pressurc at tip of yere to 20 kgfen’)

- ) Estimated
Purposcs Measures Detatlsof Mcasures e
p Effectsin 2002
1. “Jo decreascthe fucl To improve HS control system To adopt the staggered parallelblasting method
consumption of hot stove
+ To conduct lower air ratio combustion (to lower the O2 concentrationof IS waste  |4-5% - 1-2%
gas by adopling the dome temperaturecontrol and sclecting optimum blc:ndmg ralio
of fucl gas) |
+ To decreasc the waste gas temperaturcby controlling accumulatedheat in hol stove
+ To adopt the pressure conirol of fuel gas
+ To sclectoptimum dome temperaturerelated o blast temperature
2. ’loincreasethe operational |1.To increase the life of tuyere « To change the structure of tuyere for increasing the cooling ability (1o increasethe | 7.6 kgt
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3.3.55

Encrgy saving by adding new funclions or renewing the cquibmcm

The coke rate can be decreased from 520 kg/tto 370 kght and so the coke

consumplion will be 2.2 millionify in 2002, allowing one COB to be shut down.

(Introduction of operating icchnique for PCI system is required.)

. Estimated
Purposes Measures | Detailsof Mcasures Effects in 2002
1. Tolower BF cnergycost  |Toinstall PCI system To install PC) system: + Shutdown of onc
+ Coalinjcclioncapacity 451/h coB
» PC rate 150 kgt ¢+ Decreascof

purchased coke

+ Decrcasedemission
of pollutants from
CoB

preheater

sensible heat of waste gas

2. Torecovertop gas pressure| To instal|'TRT To install axial Now type TRT with 8.6 MW (2.0 bar) capacity Generation of elecine
power:
29 kWhit
3. Toincrease productivity of |To adopt the higher pressure opcration To changeto new higher pressure BIF blower and to sct up the technique of thh
blast furnace pressurc operation Referto Section 3.5,
4. Toincrease HS efficiency |To install fuel preheater and combustion air + Toinstall fuel preheater and combustion air preheaterin order 1o recover more HS efficiency from

78% 10 83%
25 Mcalh
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3.4

3.4.1

Reheating Furnace
Outline of the facilities and present status of the energy-saving facilities

The main specifications of the reheating furnace No.3 are shown in Table
H-3.20. It is a pusher type, not a walking-beam type commonly used in
Japan. As energy-saving facilitics, recuperators, though the capacity is not
sufficient, are installed to preheat combastion air. Fuel gas preheating
facilitics, however, are not installcd.r Waste heat boilers are installed to
recover waste heat by plant steam. Hot charging or hot direct rolling, as

operational energy-saving measures, is not conducted.

Note: No.3 reheating furnace, of the same type and capacity as those of
_ No.1 reheating furnace, was studied this time because the mode!

plant, No.l reheating furnace, was shut down.

3.4.2 Operational status

According to the data obtained, the fuel unit consumption in 1992 was

- 1,059 Mcalft, four times as high as that of latest Japanese steclworks of

260 Mcal/t. At the time of the first site survey (continuous operation), it
was 463 Mcal/t, about 200 kcal/t higher than that of Japan in spite of stable
operation.. See Table 11.3-21.

In thiS_ table, the heat loss 293 Mcal/t (except latent heat of oxide scale) is

diffused during idling time and large amount of lost heat requires
combustion of much fuel for idling, which possibly explains this high fuel

unit consumption.

.Tﬁe following'anélysis? aims at obtaining expected ¢ffects of eliergy-savitlg
measures al the operational availability in 2002 based on the fuel unit
consumption 830 Mcal/t that is before execution of energy-saving
measures. The rated capacity'20(] t/h scems difficult due to slab sizes and
actually, the operation is at around 110 t/h and the maximum will be 160
t/h.
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Table 1132, Heat Balance for Reheating Furnace

(SIDEX No.3 REHEATING FURNACE Of HOT ROLLING MILL; 8 DEC 1993 )

ST ] _
i( | tems f Remarks Mcat/t-slab ( %X )
R _ — e _ -__1:
: Fuel Latent Heat Fue! Flow Rate 6,330 Nm'/h 463.3 Mcal/t-siab |
-Calorific Value = 8,050 kcal/Nw? ! (50. 960 Mcal/h)
i |Fuel Sensible Heat ?Fue# Temp, 20 C _ 0.4 Meal/t- slab ; o Fue! Latent Heat 464
l i“ o ‘ . T 7 i
| 1 ! Combustion Air Sensible Heat f Air Temp. 160 °C 20°C 31.4 Meal/t-slab | | | "1 Fuel Sensible Heat 1
"N ; ~ . Air Flow Rate 67 840Nn’/h 11,970Mm /h | (3, 450 Mcal/h) Siab Sensible Heat j /
L P - h—v—Wﬁw—r—ﬂvvff--f------rv-f~~—— A T -—---~  Scale Formation Heat Air Sensible Heat 31
U . Input of Slab Sensible Heat . Charging Temp. 20 °C ; 2.2 Mcal/t-siab ; Others r“s ) [\
o ot ™o NS W . )
{
Scale Formation Heat 0.7% X 1,335 keal/kg 9.4 Mcal/t-slab tnput Energy 507 MNcal/t | !
-— - (100%) I Waste Gas Boiler
Others ! ' [ S o \ """"""" J/ Heat Recovery 35
! . Total | { 506.7 Mcal/t-slab ' ; B =l
b = B e — = e e et : ‘ ' . Maste Gas
- Qutput of Stab Sensible Heat ; Discharging Temp. 1,276 °C 20? 7 Meal/t-slab :-3 . Sensible Heat 128
e — I __;__ e e e e - -5 T T S YO N N -
Furnace Qutlet A Haste Gas Temp, 470 C, 8% i _ Heat Loss through
Waste , Waste Gas Flow Rate 86, 140 Nm'/h : i " Cooling Water 153
Gas 127.7 Mcal/t-slab . Heat Loss through
O | Sensible | Air Recuperator Qutlet Waste Gas Temp, . | : Furnace Wall 12
U | Heat — ' ) Others 3 ~ 1T
T Kaste Gas Boiler Outlet | Waste Gas Temp. 190G : e '
P F—— —— — S \/
U | Beat Loss through Cooling Water Water Temp. {inlet/foutlet) A12°C 152. 7 Mcal/t-slab ' Slab Sensible Heat 207
T Water Flow Rate 1,400 t/h |
Heat Loss through Furnace Wall furnace Watl Temp. 11. 7 Mcail/t-slab
Others (Sensible heat of scala) 0.7% 0.215 keal/kg °C 2.5 Mcal/t-siab
Total ' 501, 8 Mcat/t-slab
Productivity : | 110 t/h
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3.4.3 Production bzlance

The production balance of reheating furnaces in the hot strip mitl for 2002

as the basis for the study of energy-saving measures is shown in Table

H.3-22.
Table 11.3-22. OperationalStatus in 2002
1992 2002
. |Production {1,000 t/y) 901 1,880 1,380
Capacity 160 t/h 160 t/h 250 t/h
Reheating Numbf:r of ) 2 2 1 (New)
Furnace operating units
' Operational cer
availability* 2% 3% _86%

*Production (1/y)/(Total capacity (t/y) x 8,760 h) x 100

As energy-saving measures, modification of the existing 160 tfy

Note:
' x 2 and new installation of 250 t/y are available. Both are

shown.

3.4.4 Analysis of the problems found
3.4.4.1 Analysis of heat loss in the heat balance

Heat loss items in the heat balance shown in Table 11.3-21 are taken up and
analyzed by comparison of design values and those of latest Japanese

steelworks. See Fig. 11.3-20.

The heat loss is 293 Mecal/t, about 2.4 times as high as that of Japan.
Especially, the heat loss by cooling water and excess air occupies most of
the total heat loss. Recovery of heat is as low as 65% of that of Japan.
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1)

2)

Waste gas
(1) Waste gas tcmpérdturq

The heat loss by theoretical waste gas volume is about 85 Mecal/t,
similar to that of Japan.

(2) 'Analysis of waste gas

02 is 4-11%, much larger than the design 2.5%, and fairly high
compared with 1the Japanese l.l_%,. showing excess air
combustion. This heat loss due to excess air is about '43: Mcal/ft.
On the other hand,ﬁ in spite of the excess air combustion,
incomplete combustion occurs (CO 0.1% remains).  This is
because the pressure and calorie fluctuation in fuel gas cannot be
followed up by the combustion device and the combustion
controller.

Cooling water

The heat lost by the cooling water is as large as- 153 Mcal/t, the
largest in the heat loss items. Also, the flow raté and temperature of
cooling water for the in-furnace skid are quite above the design. values
(design 900 t/h, At = 10°C; actually 1,400 t/h, Ot = 12°C).  The
structure and heat insulation of the skid has problems.

Radiation heat from furnace body
The furnace shell temperature is 170-370°C, quite high compared with -

60-140°C in Japan. There is a possibility of fallen down of
refractories in the soaking zone.
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5

Waste heat recovery system

(1)

2)

(3)

(4)

Entry of air into clearances from the furnace body to the waste
gas duct is large, which causes the large temperature drop of
waste gas at the inlet of recuperator, and so the planned air
témperaturc 400°C is a.ctualiy as low as 140°C. (In Japan,
recovery is at $14°C of air.) '

The recuperator, of radiation heat transfer type, has a small heat

transfer area, giving small recovery of wasle heat.

Waste héat boiler, installed in the downsiream of the recuperator,
does not recover the heat as planned {only 2-3 t/h against the

design steam recovery 25 t/h)., The recovery steam pressure is

also as low as 4-5 kgfem® against the design 13 kgfcm’. The

present steam recovery system is not neécessarily good. Review is

required.

Combustion air for the soaking zone is not preheated. Preheating

equipment for fuel gas is not installed.
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3.44.2 Analysis of the operatingdata
1)  Analysisof heatpatternof slab

The heat pattern of slab, quite related with energy saving of the

reheating furnace, was measured during the site survey as follows:

Cutlet of Outlet of Extraction
preheating zone healing zone temperature
Max.975°C Max. 1,264°C Max. 1,284°C
Min. 697°C _ Min. 1,188°C Min. 1,257°C
‘Av. 836°C Av. 1,226°C Av. 1,271°C
1,400, o
1310C 300
;;W ],234.(:
1.215C / l,264'CM 1257C
1.2004 e
LIRRT,
1,000 .
' 4 B
Q 8004 ) Mateqal Teqperature at Top
L/ (Maximum Point}
qéoq 697C )
o ) : . .
& alerial Temperature at Minimom Point
=
Heating Zone : Seaking Zone
“1 | 1
h ” L) ¥ - " T 1
0 ‘s 10 15 20 25 30 34
1 o Length of Furnace -
Charging Side - {m) Extraction Side

Fig. 11.3-21.  Analysis of Healing Paitern for Reheating Fumace of Hot Strip Milt
(Data from SIDEX dated Dec. 09 '93)
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As scen from the graph, we can séy the following:

(1) The extraction temperature is as high as. average 1,271°C (rarget
of SIDEX is 1,250 °C). S o |
Especially, the wupper face ‘of slab: is 1,284°C and lhi_s is

excessive.

{2) The tcmpérature in the lower part of the prchci{t'ihg_ zone and the
heating zone are low, delaying the heating of Iower‘faée of slab.

(3) The temperature of uppér face of slab at _lhelout!‘et&of the heating

~ zone is already as high as 1,264°C, which is in excess of the
target extraction temperature. Therefore, employment of high-
load heating at later stage by lowering the témperature of upper
part of the heating zone will cqﬁtributc to the decrease of fuel

consumption,
2) Other themes
(1) To decrease the consumption of natural gas

The reheating furnace is designed with the use.of mixéd gas (NG

+ BFG) at 3,000 kcal/Nm’. Because the supply pressure of .
naufral gas fluctuates between '6_00-1,000‘ ‘mmH20 and that of %
BFG between 600-2,000 nmH20, the préscn'; flow rate control

cannot cope with the situation, causing rh'uch fluctuation of

calories. Therefore, the gas mixer is not used and operation
depends on the expensive naturai gas purchased from the outside.
Accordingly, it is necessary to decreasec the consumption of

natural gas. See Section 3.5.
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3.4.5

(2) To study the possibility of hot charging and hot direct rolling

Though hot charging aand direct rolling of slab are not employed in
SIDEX, the hot charging ratio is as high as 70% and the average
charging temperature is 600°C in Japan.
“Therefore, the possibility of hot charging and hot direct
rolling in SIDEX should be studied.

Measures and estimated effecis

This section shows the energy-saving measures and their estimatedeffects.
The encrgy-saving measures can broadly be either of the following two:

» To modify the existing two reheating furnaces

+ To install a new reheating furnace

Each has advantages and disadvantages. Conclusively, it is recommended

to install a new reheating furnace.
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3.4.5.1 Energy saving by improving the oﬁcralion (inclﬁding enhanced control of operation and maintenance)

' Estimated
Detailsof Measures Effccisin 2002

Purposes ' Measures
tHeat unit consumption:

14 Mcalidecrease

To change fumace temperalurein each zone at follows and 1o change extraction

1. ‘Todecreascinput fuelby |1, To decreasefuel consumption by
icperaturcof siab from 1,27] to 1,250C to decrease fuel consumption

oplimizingthe heat pattern decreasing the discharge lemperature Famace | iicaing | Soking Fumace | Hoating | Soaking
temp. zone zone lemp. ronc zone
UPPeT {3107 | 1,300 | UPPET 3 4990 | 1,280
(right) : Erov'ng {night) |
Lower e m ! Lower o
(lef) 1,215 l 255 (elt) i, !95 1,255
Truel Fuel
COor3- : COon-
sump- 5,380 950 sump- 5,138 1,019
tion tion
Heat unit consumption:

1. To change each zone temperatureas follows with more fuel used in the soaking

zone and thus to decrease total fuel consumption 22 Mcalftdecrease

2. Tointensify hcajingin the soaking zone

and to decrcase wasle gas by . . .
) 2. Also, to increase fumace lemperatureal the lower side of heating zonc and to
accumulatedhealing of slab decrease temperataredifference between upper side and lower side of slab
Fumacce | Heating | Soaking : Fumace | Heating | Soaking
lemp. zone zone temp. 7one zone
Upper Upper :
X - 32
(right) 1,310 1 ,3OQ (right) 1,240 1,320
Lower Lower
Qe 1,215 | 1,255 ‘ ﬁ Qeft) 1,210 -
Fuel _ Fuel
con- con- .
sump- 5,380 950 sump- 4,155 1,003
tion ' - tion
Max. slab1emp 1,284 Max. slabicmp 1,289
Min. slab temp 1,257 Min. slab temp 1,270

1102



Purposes

RPN

. Mc_asures

Detailsof Measures

Estimated
Effectsin 2002

2.

To decrease input fuel
by applying hot
charging of slab

To effectively use scnsible heat by

applying hot chargiﬁg of slab

o establishinterfacebetween upstream & downstrcam lechnology:

« High 1emperature/non-defectivecasting technology at conlinuous casting
shop

+ Consistent schedule making between continuous casting process and rolling
process _

To establish the technology to make hot charging into reheating fumace

possible: _

+ Expanding the range of bumer combustion control {individual burncr,
separationof zone, control method)

+ Predicting technology of slab temperatureinside the fumace

Heat unit consumption:
45 Mcalftdecrcase

3.

1o decrease heat loss
by enhancing the
furnace heat control

|To enhance heat control as well as

~ [|trend control by inslalling and

making good use of monitoring

instruments of the furnace

To control constant heat Joss by waste gas analysis melers (waste gas O2 meter,

COmeter): _

« Decreasingthe rale of excessive air and preventionof loss caused by
incomplcte combustion , '

« Optimizingthe fumace pressuse by trend control over intruding air and
implementationof proper maintenance '

+ Maintenanceof recuperator performance and preventing malfunctionsuch as
leak

« Control of waste gas balancethrough the right and left fume ducts by
monitoring the wasle gas lemperature

To periodicallydiagnose the heat:

s+ Periodic measurement of loss of wasle gas, loss of cooling water, heat
radiationfrom fumace, etc.

» Preventing the deteriorationof performance by trend control and also by
comparing the measured data with designed values

+ Periodicinspection of temperaturedistribution and heal pattern of slab

Heat unil consumgption:
5 Mcalftdecrease
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3.4,5.2 lincrgy saving by modifying or improving the equipment (including auxiliary equipment )

consumplion by decreasing
heat loss

accuracy of combustion by modification
of combustion control system

1ype) into the control system with cross limit funciion for fuel and air and thus to
improve the control accuracy of air-fuel ratio at the change of flow rate

g listimated
Purposes Measures Details of Measures ,
p ] ! Effectsin 2002
I.  Toimprove heat unit To improve the temperalureand contrel | To modify the present combustion control sysiem (fuel flow rate control precedence |1 eat unit consumpiion:

5 Mealpidecrease

To decreasing the intruding air by
modificationof in-fumace pressure
system and prevention of blewing out of
wasle gas

‘To modily the present control system {cascade method of diffcrences control of the

pressure in two waste gas ducts as well as in-furnace pressure control) into

simplified pressuse control sysiem and thus to improve the control accuracy of in-

furnace pressure: :

* Dircctcontrol by damper at the oullet of recuperator (Lo remove inletdanmper that
causes air penélration)

» Employing the master-control method to control the balance of waste gas through
two waste gas ducts

lteat unil consumption:
5 McalAdecrease

To decrease the loss of cooling water by
reinforcing the insulation for skid pipe

To repair damaged part of insulation on skid pipe, 1o reinforce insulation, and to
decrease cooling water volumein order to decrease heatloss

Cooling water 1,400 t/h 1,400 th
flow rate I .

- mproving
TFnapcnurL 12°C e 8°C
difference

{Installation: ceramicfliber 80 mm)

Heat unil consumption:
51 McalAtdecrease

‘To decrease heat radiation from furnace
wall

To repair damaged parts of refractoricsfinsulationmatenialof fumace body and to
check speciftcationsof insulating materialin terms of matenial, thickness, clc. to

decreasce radiationheat from the fumace wall
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stimated

Purposes Measures Detailsof Measures Effcets in 2002
To improve heat unjt 1. To prevent gas drifling upward or To install partitionwall at the upper pant of preheating zone to control gas flow and . {1leal unit consumption:
downward by installing partitionwall in }to decrease the temperaturedifference (95°C at prescnt) belweenupper part and 22 McalAdecrease

consumption by modifying

in-fumacc heat transfer

performance

the preheating zone

lower pant of fumace, thus improving the heat patiem

To cxpand the heat transfer arcain the.
preheating zone by extending the length

of fumace

To extend the inlet of preheating zone by 3 m to increase the prehealing temperature

of slab, thus decreasing the fuel consumption
Preheating zone o
011!11::%:,;:5lc:nrq1 e ' 925°C h
: P Expanding
Fuel comsumption 3 : 5
rate 6,330 Nm“/h 5,802 Nm /b

Heal unit consumption:
42 Mcalfideerease

To review the arrangement and

specificationsof skid pipes

To review the arangement and specificationsof skid pipes used al the moment and
to shift the skid position by 4.5 m at the latterside of heating zone

Heat unit consumption:
7 Mcalfdecrease

To optimizethe heat pattern by
introducinglemperatureprediction
system for slab laid inside the fumace

To introduce computer lo calculateon-linc heat transfer based on heat transfer model
about slab charged inside the fumnace, thus clarifyingthe diffcrence between the
predicied temperatereof each slab on the basis of the existing fumace conditions and
the target extractiontemperature, in order 1o provide the optimum operational
puidance

Heat unit consumption:
20 McalAdccrcase
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Purposes

Measures

Detailsof

Measures

Estimated
Effectsin 2002

To increase waste heat
recovery and thus Lo
decrcascheal unit

consumption

To increase the recuperator preheating

temperatureby decreasing the intruding

air

Intruding aur rate 30 %

Recuperator inlet 380°C

wasle gas lemp. S In]PTOViﬂg
Temp. of e | T
preheating air 140°C

Along with modificationof control over fumace pressure,'to improve scaling
performance of fumace door, waste pas duct, etc., and thus to decrease the intruding
air in order to increase waste heat recovery

10% Up-io-dalctcchﬁology__

447°C | 67°C increase

160°C| Present recuperator

Heat unit consumption:
5 Mcalfidecrease

"To utilize preheated air for combustion

in the soaking zone

To replace combustion air (room temperature)for soaking zone by preheated air
from recuperator

Ieat unit consumption:
18 Mcalftdecrease

To replace with high performance air

recuperator

To replace the present radiationtype recuperator with convectiontype, and thas to
improve heat transfer performance, leading to the increase of the preheated air

lemperature :
e ftems Jlems

Type : Radiation, 2 sels Convection, 2 sels
No. of passes 2 4 '
Areca of heal transfer 146 m? 2020 m?
Transfer heat coefficicnt | 39 kcal/m 2h°C || Renewing 23 keal/m #h°C
Iniet waste gas temp. 380°C 3s0°C

Alr flow rate 41,000 Nm 3h 45,200 Nm3h -
| Temp. of preheating air 140°C 322°C '

Heat unil consumption:
56 Mcalftdecrease

To install fuel gas recuperator (stop of

wasle gas boiler)

‘o remove the present the waste heat boiler having low performance of heat
recovery, and insicad to install fuel gas recuperaior to preheat the fuel gas (mixed

gas) '
liems e hicms
Waste pastemp. | = 420°C Type Convegiion, 2 seis’
(Gas [ow rate 65100 Nm 3njin e No. of passes 2
|Evaporationrale -] 31h x 2 scis " §Arca of heat wansfer T85m?
’ ‘Transfer heat coefficieat 3 10keal/m Th°C
Inlel waste gas temp, 314°C
Gas flow rate 63100 Nm 3h ¢
Temp. of preheating gas 250°C :

{eat unit consumption:
6 Mcalftdecrease
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3.4.5.3 Energy saving by adding new func_l'ions‘ or rencwing the equipment

. ) Estimated
\ 0 Isof M . .
Purposes | . Measures Dectailsof Mcasures | Effects in 2002
. Toimprovepetlormance 1. Toimproveheat ransfer function by To change from the existing pusher type 1o walking beam type to improve heat  [New reheating furnace:
such as heatunit ~ oplimizingthe profile including lraqsfcr pcrformas:lcc < : —— | Cap acity: 230t
i ) ) ' Furnace |Fumace Ty Furnace | Furnace ' + Heatunit
consumption by replacing extension of fumacelength «_ [length _ |height yee tength  |height | D™ | consum ption:
Gpore , Preheating 15m | 3m | Axial 10m I m 282 Mcalft
with high performance ' Hceating zone 10m Im | Axial Bcncwing by 9m | 28m_ | Side
rcheating fumace : - 9m | 28m | Side '
Soakingzone | 9m | 14 m | Side &m 2m_| Side
Tosal : 3m 36m
2. Toimprovethe heating performanceby  |Along with renewal of furnace, review the specificationsand position of burners 1o

increase heating performance
Capacity No. Capacity No.

Preheating zone | 5,000 Mcalh | 847 . -
Heating zone 3,500 Mcalm | 847 | [Renewing> | 2,600 Mcalm [ 10+10
1,400 Mcalh | 10416

Soaking zone 450 Mcal/h {10410 390 Mcalfh 9+9
Total. 136,500 Mcalh Totral: 87,000 Mcal/h

optimizingthe healing method and type

& specificalionsof bumers

-

To review specilicationsof skid pipe, try to increase heat triansfer 1o slab, obtain
uniform heating and reduce the heat loss of cooling water

3. Touse walking beam and also to.

optimizelocationand specificationsof . . Vovable beam Fixed boam
walking beam, and thus Lo oblain - |[NoJdiameter T 4 x 160 mm 5x 160 mm
uniform heating and to decrease the loss || Spec. for insulation Fiber Fiber
of cooling water - || Cooling water flow rate 4x40uh > x40un
Diflerence of cooling 15°C 15°C
| water temperatare
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~ Purposcs

" Measures

Detailsof Measures

Estimated
Effectsin 2002

To improve performance
such as heatunit
consumption by replacing
with high performance
reheating furnace (Contd.)

4.

To decrease radiation of heat from
fwmace wali by reinforcing insulationon
the furnace body

To intensify insulation on the furmnace body, thus to reduce radiationof heat from
furnace wall and improve thermal response ‘

Preheating | llcating Soaking
zonc | zonc zone
' Fiber 30 mm
: Wall & | Fiber Fiter Plastic 300 mm
Specification |ceiling | 350 mm 350 mm | Brick 115mm
of insulation Insuiation board 30 mm

Floor

Fire brick - +
180 mm

Insutation brick +
200 nun

Insulation board
85 mm

As staied above
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Purposes

1

Measures

Detailsof Measures

Estimated
Effectsin 2002

2.

‘To improve performance
such as heat unil
consumplion by replacing
with high performance
rchealing fumace (auxiliary

equipment)

I, Toinstall high ¢fficicntair recuperator

To replacethe picsent radiationtype secuperatorby convectiontype, and also to
improve heat Iransfer performanceand iry to increasc the prehealingair temperature

2. Toinsiall fuel gas recuperator (stop of

wasle heal boiler)

T — ltems Items
Type Radiation, 2 scls Convection, 2 scts
No. of passes 2 4
Arca of heal transter 146 m? 1685 m? |
‘Transfer heat coefficient .| 39 kcal/m 2h°C .| | Renewing 23 kealfm 2h°C
Inlet waste gas lemp. 380°C 750°C _
Air MMow rate B 41,000 Nm 3h 32,800 Nm 3h
|{ Temp. of preheating air 140°C 614°C
To remove the present waste heal boiler of low recovery rate, and Lo instal a fuel gas
recupcmlor in order 10 preheat the fuel gas (mixed gas) ,
K Leme liems
Wasic pas temp. 420°C Tvpe Convection, 2 seis
Gas Now rate 68,100 Nm 3fh Etﬁ*iiﬂ; No. of passes 2
[ Evenoration rate_ | 3th. 2 sots Arca of heal transfer N0m?

Transfer heat cocfficicnt

10 kezlfm ?h°C

Inlet wasle gas 1cmp.

Gas flow rale

36,400 Nm 3h

Temp. of preheating gas

|

{olll

286°C ]
|

252°C

3.  Torenew the instrumentationcontrol
system:
» Combustion temperaturccontrol

+ Fumace pressure control

1. Fo modify the present combustion control system (fuel gas flow rate precedence
control) intothe control system with cross limit funclion for fuel and air and
thus to improve control accuracy of air-fuelratio at the change of flow rates

in-furmace pressure:

2. To modify the present cortrol system (cascade method of differences control of
the pressure in two waste gras ducts as well as in-fumace pressure control} into
simplificd pressure control system and thus to improve the control accuracy of

+ Directeontrol by damper at the outletof recuperator (to remove inlet damper
that causes air penetralion)
« Employingthe master-control method to control the balance of waste gas

through two waste gas ducts

As staled above
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3.4.5.4 Summary of energy-saving measures

To prepare the energy-saving measures for the hot steip mill in SIDEX, the

present problems such as fuel supply, heat loss, and heat transfer

performance were studied. As a result, measures from viewpoints of heat

unit consumption and merit considering investment cost will be:

» To improve the operation {including enhanced control of operation and
maintenance)

+ To modify or improve the equipment (including auxiliary equipment)

+ To add new functions or renew the equipment

The following summarizes the points of the above three:

1. As for improving the operation, 14 Mcal/t of energy-saving effect is
estimated and the main measures are to improve the heating patlern
and to enhance the control of furnace heat.

2. As for modifying or improvement the equipment, 149 Mcal/t of
cnergy-saving effect is estimated and the main measures are (o
decrease the heat loss, to reinforce waste heat recoirery, and to
improve heat transfer performance.

Because two-furnace operation should be done due to shortage of
heating capacity in 2002, the above measures should be done for two

~ furnaces.

In addition to the lower performance of reheating furnace in SIDEX,
heat consumption at idle time is also a big problem and heat unit
consumption in rated and continuous operation by one furnace is
smaller than that in averaging operation by two furnaces.
Consequently, in addition to encrgy-saving effect, decrease of idling
time due to one-furnace operation is required, then,

3. Installation of a new reheating furnace with higher performance is the
most effective measure, this will bring about 181 Mcalft of energy-
saving effect. '

See Table 11.3-23 for the summary.
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Table 11.3-23. Summary of l’.lxerngSaving Measures [or Reheating Furnace

flem In 1992
. ] Continuous operalion 463 Mcalh
Heat unit consumptlion
: Yearly average 1,059 McalA
Avcrags 110 vh
Production
Year 901,000 1
: Production capacity 160 th per furmace
Operational availability - e
Operational availability 2 furnaces x 32 %
Energy-
Saving

W

ftem

Aficr implomentation of cbcrgy-saving measures in 2002

By improving operation

By modifying or improving the equipment

By adding new functions or
renewing the equipment

Heatunit jContinuou

base)

. 449 Mcald 314 Mcalp 282 McalA
consumpiio |$ Operation ‘
n Average 816 Mc2lA 560 Mcala 292 Mcalh
Unergy-saving effect
{continuous operation 14 Mcalp 149 Mealt? 181 Mcalp

Operational availability

2 furnaces x 67%

2 fumaces x 67%

1 fumace % §6%

Measures in detail

« To decrease inpul fuel by 9
Mcalt by oplimizing the heat
paticm”

+ To decrease heat Joss by 5 Mcald
by enhancing the furmace heat
control

+ To decrease heal unit cons'umption by 61 Mcalp by decreasing
heat loss ’

+ To decrease heat unit consumplion by 42 Mcald” by modifying
in- furnace heat transfer perfonnance

« To decrease heat unil consumption by 46 Mcal™” by increasing

waste heal recovery

To improve performance such
as heat unit consuwnplion by
181 McalA by replacing with
high performance reheating
fumace

WNoles:

1} Application of these measures can decrease the heat loss ducing idle time at the same time, and so further decrease can be expecled.

2} Probability of heat patlern is estimated at 25%.

3) Decrease of waste gas lemperature due to decrease of heat loss is considered.
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3.5

Energy supplying facilities

Stable and cfficient supply of energy is essential as the most fundamental
measures, besides the promotion of energy saving in each process, in
actually taking the measures for energy saving in SIDEX. In this section,
stable supply of fuel gas for the model plants and renewal of the blower
for No.6 Blast Furnace are especially, out of major important items,

described.

- Note)

Energy supptying facilities and the blower for blast furnace, initially, were

not covered in the scope of site survey. Mowever, in the second site

~sugvey, SIDEX claimed “In order to take the suggested measures

3.5.1

(improving the air-fuel ratio, raising the productivity in blast furnace,
injecting the pulverized coal in much quantity, elc.), facilities of fuel gas
supply should be stabilized and the blower for blast furnace should be
rencwed. Without those realization, the measures for energy saving for
the model plants will not be accomplished satisfactorily.  Therefore,
surveying the facilities and the blower should be covered in the scope of
site survey carried out by the investigation committee.” The investigation
committee also recdgnized the necessity for achieving the purpose, i.e.
saving energy in the model plants, and made out a draft of site survey and
of measures to be taken for improvement.

Improvement in supply of mixed gas and of byproduct gas

Though COG or natural gas is often mixed to efficiently use BFG, the
byproduct gas line does not have a gas holder and the piping for
connection plays a part of the gas holder at the present. Taking an example
of pressure variation of BFG line, the pressure largély varies from 800
mmH20 to 2,000 mmH20, and the gas mixing device which is separately
allotted in plants can not adjust it to assure a certain catorie. Becausc of
such reason, the combusuon device in each furnace can not sufficicntly
work and sometimes burns with too much air and discharges unburnt fucl,
and the fuel unit consumption in each burning device is degenerating.
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Under such circumstances, an expensive natural gas is applied:to a part
where the mixed gas can be applied by itself.

As countermeasures, BFG and COG gas holders should be installed first of
all ‘and the variation of gas pressure in BFG pipe should be within 50
mmH20. '

Further, by concentrating- the gas mixing facilities which have been
separately installed, enlarging them, and installing the gas analyzer so that

Wobbe index and the theoretical air amount index can be automatically

- controlled, the caloriec of mixed gas will be stabilized. - With this- method,

3.5.2

3.5.2.

the percentage of air excess in each plant will be reduced to- approximately -
1.1 from 1.6 ~ 1.4.:

Renewal of blower for blast furnace

i Present status and countermeasure

A great deal of pulverized coal will be injected in No.6 BF in the future, as

explained in Section 3.3, and in that case the blowing pressure should be
increased. However, the blower for blast furnace; which is installed at the
present, can not produce the necessary pressure and some renewal is
demanded. While, the current unit consumpli_on of the blower for BF is
0.12 kWh/Nm3, which is- high about’ twice the 0.07° kWh/Nm3 of a
Japanese plant, because the capacity of blower is smaller and the efficiency
is lower. In addition, since the boiler, turbine, ectc. are also small in
capacity and ‘the - equipment eéfficiency is- unfavorable, the fuel unit
consumption (heal rate) of blower is 4,060 kcal/lkWh, which is extremely
low in efficiency comparing to the Japanese 'méan value 2, 658 kcallk\\’h

Taking the above into consideration, rcnewal of the whole power ‘station of
BF blower seems the most efficient way ' o
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3.5.2.2 image of a new power station

Si.ncc construction of a new power station needs a huge invesiment, it
will be recommended to image first the power station that SIDEX should
have in the future and to frame the concrete concept by steps. Namely,
facilities of BF blower for No.6 BF should be rencwed first,” and then
facilities of BE blower for No.5 BF and the commaon auxiliary facilities
(ordinarity they geherate eleciric power.) should be built up in the
second.sta'gc of con$truction. The new power station is imaged as Fig.
11.3-22. | |
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Alter modenization

Present
C(Final stage)
No.2 Station " -
Neow station
Boiler 7 unils = :
- e Boiler 3 units
Blower 3 unils e s
Blower. . -~ 3 units
Genecator — Lo T
Géncralor ‘1 Units
No.3 Station Fealures
Large-scale-plant
Boiler 7 units High ¢fficiency
_ High flexibility
Blower 3 unils Combined system
Genetator 2 units
Schematic diagram
No.2 No.3 No.1
Boiler Eoiler Boiler
|
TP,
2T

pemenw

for 5 BF
(Sccond Stage)

Faciory Steam

for 6 BF
(First Stage)

Fig. 11.3-22. Image of new power station
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3.5.2.3 Introduction of néw power station for blower

A new power station for blower is specified as follows:

Capacily
No.l | No.2 No.3

-Equipment | ~ Specifications

Main'steam ; 100 atg, 540°C
: Fuel ; BFG, COG, NG, and
Boiler ‘Mixed gas, ' 140 th | 140 v/h | 140 t/h

Feed water temperature; 200 C '
" Boilerefficiency; 89 %

Heater ; 4 stage feed waler heater 10 MW{ 30 MW | 30 MW

i:% Tlrrbfne Exhaust pressure ; 0.16 ata
Blower Type ; Axial-flow-mulli-stage | 4 \rwl 30 Mw [ (30 MW)
_ Blower efficiency; 85 % i

Generator ' ' - - — 30 MW
Factory ' L

steam Sup';;‘ly condmc::i, 8 atg, 180 C 20w | 200m | 200m
supply _ __(lur mchtract stean}) |

D
Ssa(g):j,ca'" Usage condition; 35 atg, 410°C | 10vh | 10vh | 10t/

% . Turbine would supply the steam alternatively when CDQ is stopped.

Items - New power station Present status
Thermalunit consumption 2,600 ~ 2,900 kcal/kWh 4,060
{ Electricpower unit 3 ..
% consumption of blow 0.07 kWh/Nm=-air 0.12
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The typical heat balance of a new power station is shown in Fig. 11.3-23,

Fucl - Blast-blower

6 Boiler SBF; 5,100 Nm 3/min
- 230x 10¢ kcal/h _ 6BF : 6,000 Nm 3/min

| Steam : '

3301/h 7
| Power 30 MW >
' : S_upbly .fac'ldr'y steam
From CDQ) steam 30 t/h 60t/ _

Fig.11.3-23. Typical heat balance of ncwpower'stalidn
3.5.3 Summary of measures for energy saving

Measures for energy saving and the effects in relation . to energy

supplying facilities are summarized in the following fable.
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nlE N

O ENV!RONMENTAL POLLUTION CONTROL

PRESENT STATUS OF ENVIRONMENTAL POLLUTION CONTROL IN
ROMANIA

General

After the liberalization in 1989, aimed at improvement of the environmental

*_pollution in Romania in line with the EU countrics, survey and study were

- conducted as a joint venture of the Romanian Government, the United

States Agency for International Devélopment (US AID), US-EPA
(Environmental  Protective  Agency), EU-PHARE  (Program for
Restructuring Assistance), WHO, and the World Bank and compiled into
the Rosnanian Environmenial Strategy Paper in July 1992, This strategy
paper, after tfeview of “the present status of the economy, energy
consumption, environmental pollution in Romania, and the existing

environmental protection laws and regulations, proposes the environmental

control measures and strategy that the Romanian Government should take

in 10 points of action. Of which, the improvement is the establishment of
¢nvironmental protection laws and regulations, environmental standards,
and ‘wastes restrictions in  compliance with the EU Directives.  The

following 14 industrial areas and the Donau delta are shown in the strategy

‘paper as priorily areas for priority execution of pollution control neasures,

in which SIDEX is not included:

Priority areas

Copsa Mica (nonferrous} 8. Pitesti (oif refining)
Baia Mare (nonferrous) - 9. Tg. Mures (chemical)

"Zlatna (nonferrous) - 10. Turnu Magurele (fertilizer)
Ploiesti-Brazi (petrochemical) 11. ' Tulcea {(alumina)
Borzesti:Onesti (petrochemical) 12. Isalnita (alumnina):

Bacau (fertilizer) ' - 13. Brasov (chemical)
Suceava {paper _and pulp) 14. Govora {agricultural medicine)
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1.2

According to the Romanian Environmental Strategy Paper, new policies are
issued mainly by the Ministry of Water, Forestry, and Environmental
Protection and ar¢ under discussion and establishment, -

New Romanian Environmental Protéction Law and Environmenital
Standards

As the basis of the national environmental protection, there exists the Law
of the Environmental Protection established in 1973. = Then. a new
Romanian Environmental Protection Law, has been under discussion in

parliament. The outline is as follows.

The New Law consist of 5 sections with 104 articles and has many

- provisions for general duty imposed on economic enterprises concerning

with environment protection.

(1) to equip facilities with highly efficient processing in order to reduce
pollutant, as clean as possible, below the legal limits.

(2) to find solutions for recovery, recycling and turning to account of
useful substances and of residual energy from wastes, resulting from
the production processes belonging te their own activities,

(3) to ensure, through qualified staff and by its own monitoring .sy‘stcms,
the control of the treatment processes and of pollutants discharged in
the environment and to keep their record

(4) in the case of important pollution sources, they shall carry out at their
own expenses, an ecological anélysis of the jmpact zone through
independent experts. The results of the ecological analysis and the
countermeasures ¢stablished shall be submitted to the environmental
authorities and they shall be released to mass media, .

(5) to pay the penalties according to the law for discharging NOx imo the

environment, over the maximum admissible limits,
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1.3

The implementation for the ecological impact studies and approval
procedure for new investments by economic and social actlivities are
prescribed in Articles from 8 to 19. (The procedure is charted in Fig.I11.1-

1)

Articles from 20 to 24 prescribe for toxic substances and hazardous wastes
and from-25 to 35 for usage of chemical fertilizer and pesticide.

Chapter -2 prescribe for Air, Water, Soil, Ecosystem and Residential
Protection.

It is worthy of note that Article 51 says that fhe environmental or public
health authoritiés can order the temporary stopping of the activities at the
pollution sources or technical measures for abating noxious emissions over
the period that the unfavorable meteorclogical conditions persist if the
generation of local accumulation of pollutant substances have been

ascertained over maximum admissible limils.

Chapter 3(Art.84~94) prescribes prerogatives and responsibilities’ of
central and local authoritics of public administration, Chapter 4(Art.95 ~
101) does sanctions and Chapter S5(Art.102 ~104) does final and

trangitory provisions.

Atmosphere and river water quality standards are already issued as shown
in Tables I11.1-1 and 111.1-2. |

Standards for Waste Gas

Concerning the emission of SOx, NOx, and soot in chimney waste gas that

. were not resiricted, standards. were issued in September 1993 as Order
- 462/1993 on ‘the Technical Conditions for the Approval of Atmospheric

Protection and. Megthodological Regulations for the Emission of Poliutanis
from Stationary Sources. Outline of this Order 462/1993 is as follows.
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1.4

(1)

(2)
(3)

(4)

Standards are applicable not only to selected areas but also to all the
sources throughout Romania. ‘

Standards cover stationary sources such as plants.’ |
Calculation procedure for determining minimum stack height required
for emission and technical standards for sampling and analysi's
methods of waste gas. | ' ) ' _
Atlowance of 7 years is given to the existing facilities for installations

~of depollution systems to observe their emissions ‘with (the legal

limits. Lt is also obliged to havc'mdnito-ring systems to ensure their
emission is below the limit values, especially big stationary sources
affect on their regional atmospheré should carry oul. continuous
measurement by their own monitoring syste.m and inform the results to

the local environmental authority.

The standards stipulated in the Order 462/1993 are quite satisfactory

compared with the EU Dircctives as seen from Table Iil.1-4, and

satisfaction of these standards will eventually secure the environment

similar to that of the EU countries.

The limit values of the Order 462/1993 are for new facililiés,"lhcrcfdro the

limit values to the existing facilities ,in period until the new limitation will

be applied, will be determined within 3 months after enforcing of this

Order by discussing about proposal in each sector of industry between its

competent authorities and MOE. For meiallurgical industry, temporary limit

values under discussion will be set in the near future.

Standards for Waste Water

Different from waste gas, there are no nationwide waste water standards,

but restriction is placed through agreement with the Water Resources and

Protection of MOE and the Lacal Environmental Control Agency.’
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1.6

.7

Sta’ndards'.for Solid Wastes

As standards for landfill using solid wastes, there exists only the Basel
Treaty that resiricts cross-border transportation of harmful industrial
wastes, and there are no detail restrictions on the storage, transportation,
and disposal of wastes according to propertics. Establishment of
corresponding standards are desired in future.

Environmental Assessment System

This procedure, issued in 1992, needs to obtain approval of the Local
Agency for construction and operation, which requires forecast and
preliminary assessment of environmental impact due to expansion or new

facilities.

- Orders and Governmental Decision(G. D) related this matter are as follows.

Order 1706/1990 -On the issuance of environniental approval
y It prescribes the Environmental Agreement Values.
Order 113/1990 -On the documents to be submitied for obtaining the
environniental approvat
Order 437/1991 -On the cnvironmental permit
Order 619/1992 -On the issvance of the ¢cological impact study for the
: ‘investments
G.D. 435/1992 -Approval for using water

‘Approval will be issued only when results of the technical report conform

to the Environmental Agreement Values in Order 170/1990.

Tax Reduction for Investment in Environmental Protection Facilities

The Order No. 12 enacted in 1991 stipulates the tax reduction in the case of

nI-s



1.8

1.9

investment in production facilities and to promot¢ the -installation of

environmental protection facilities as follows:

In the case of -investment for the purposec of expansion or
modernization of production facilities, similarly in the case of the
investment for the purpose of environmental protection facilities, 50%
of tax for the investment cost shall be reduced.

That is, for the environmenial proteciion facilities, 50% of the tax on the

investment cost will be cut.

Monitoring System for Waste Gas and Waste Water.

The Ministry of Water, Forestry, and Environmental Pro_tection is
promoting a plan for moaitoring the general environmental conditions
throughout the nation. For the discharges, the company owner will have to
measuse by himself and report to the Local Agency according to the
execution of the New Romanian Environmental Protection Law.

Execution System of Environmental Pollution Control

The Ministry of Water, Forestry, and Environmental Protection icontrols
overall environmental activities in Romania. - All the country is divided into
40 arecas and one special avea (Bucharest), and its Local Environmental
Control Agency in each area takes charge of execution, supervision, and
monitoring of the regal activities. - Each of these Agencies is authorized to
conclude agreements - of . particular . restrictions with. the individual

enterprises in addition to the national standards.
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NEW INVESTMENT INVESTOR
' —_ ®
DESIGNER ELAVORATES ~ k ® | DESIGNE%
THE TECHNICAL DOCUMENTAT ION ‘ __ e
AND ORDERS THE IMPACT STUDY
@
® b
IMPACT STUDY
@ AUTHORITHES - ~
WHICH APPROVE SANITAR | |
AGRi CULTURAL APPROVAL
- - FORESTRY - ®

W

LOCALS CENTRAL ——>MINISTRY

DEPARTMENT .

ENVIRONMENTAL PROTECTION

(MINISTRY OF ENVIRONMENT)

TECHNICAL REPORT
®

LOCAL AGENCY

\,

@

I

EMITS THE APPROVAL w@-ﬁa

EMITS THE APPROVAL

<

(MAXES OBSERVATION) ——

Fig. III.1-1. Procedure of Environmental Assessment and Approval
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Tabtefll. 1-1. Ambient Air Quality Standard (Main Indicators)

___Admitted Concentration {mg./m?)
Pelivients short term siediva - long tern medive
30min, 24hours Yearly
Sulfur dioxide:$0. 0. 75 0. 25 0. 06
| Nitrogen dioxide:NO: 0. 3 0. 1 0._'04:'
Suspended powders 0. 5 0. V5  0.075
co 6. 0 2. 0 ~
Anmonia 0. 3 0. 1 -~
Phenol 0. 1 0. 03 -
Oxidants {(03) 0. 1 0. 03 -
Lead - 0. 0007 -
| Sedimented dust 17g/m2 /month

Tablel 1-2, Water Quality Standard ‘Main Indicators)

U, - .
Admitted Values in Quality Categories (mg/1}
Indicator : |- ! | Hi .

Biochemical Oxygen Cansumption:C80s 6 7 _ 12

_ Chemical Oxygen Consurption:CCO 10 15 25
Dissolved Dxygen o ] 4
Ammonium ion(NHY*) | i 3 10
Nitrates(N0; =) | 30 -
Phenols 0. 061} 0. 02 0. 05
Total iron 0. 3 1 |
pH 6.5 ~ 8.5
Oil . . 0. 1
Free residual chlorine(Cl2) 0. 005
Cyanides{CN- ) R 0. 01
Caduiun{Cd®* ) : 6. 003
Lead (Pb?*) 0.05
Hexavalent Chromium(Cr®* ) 0. 05

f—
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Teble Hll.1-3, Limit Values of Waste Gas in Romania(Main Indicators)
ANNEX |

Po!lu@ants Limit Values {mg,” Nm?)
S0Ox (as $02) 5060
NOx (as K02} 500
Soot o 50
ANNEX |l
| Liquid Fuel  © Unit ©  Thermal Capacity (HW/t)

<100 100 - 300 300 - 500 >500

Soot mg/Nn? 50 50 50 50
Co mg/Nm3 17 170 - 170 170
S0 x (as $82) mg/Nn® 1700 1700 400 400
NOx (as N0z  ma/Na® 450 0 450 450
Oxygen conc, % vol 3 3 3 3
Solid Fuel Unit Thermal Capacity (MWé/t) S
(Coal, Wood) <160 100 - 300 300 - 500 >500
Soot ~ mg/Hn® 100 100 100 100
CO ' mg/¥m® 250 250 250 250
SOx (as $02) mg/Mn® 2000  2000-400(!inearly variation) 400
NO x (as N02)  mg/Nm3 506 400 400 400
Total Carbon{C)  mg/Hm® 50 50 50 50
_Oxygen conc, ¥, vol ) b ¢ b
Natural Gas | Unit Thermal Capacity (Mi/1)

<100 100 - 300 300 - 500 >500

Soot ' mg/Nm3 5 5 5 5

co ma/Nn® 100 100 100 100
SOx (as $02)  mg/Nn® 35 35 35 35
RO % (as 10,)  wufta® 350 350 350 350
Gxygen cone, % vol 3 3 3 3

Note:The limit vailue'is calculated after the following formula when multiple
fuels are used: C=¥ ([CiQi)/ 2 Qi
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Table fll.1-4. Comparison in Linit Values of haste'Gas;Thermal'Capaéfty >500KY

R — _ e -
Pollu- ROMANI! A | ' EC Directive (NEW PL#HT)
tants - Bl —
Type of fuel Lim:t(mg/Nmal Iype of fuel L|m|t(m9/Hm3)
i S0: | G { Hatural 35, 0, 3% Gaseous fuel in genérai 35. 02 3%
i a lgas | Bt e
$ Liquefied gas 5. D2 3%
Low calorific gases from 800. 02 3%
l coke oven gas,BFf gas
i ..................................................................................
Gas:gasification of coal not.determingd
: Liquid 400, 0. 3% Liquid fuels 400, 0. 3%
! i—_— DN S UM B . [ . .
i i Solid §00, 0. 6% Solid fuels 400, 0. 6%
! t Coal, Wood : :
e = mea— = == :
' NO. ! Gas 350, 0. 3% Gaseous 350, 0. 3%
E : Natural ga ' ' T
E n - '
E fLiquid 450, 0. 3% Liquid 450, 02 3%
§ Solid 400, 0. 6% Solid general SSU,‘UQ 6%
; 3 Coal, Wood - N . e e e e e
| f volatile <|az 1300, 0. 6%
': 1= g --i Trmmem ———— == —_— —— == = = e — e e
L DUST 16 | Natural S 02 3% . | steel industry| 50, 02 3%
E HOLA gas ¥ Gaseous |t
; A | BF sas 10, 02 3%
é i as a rule 5 02 6%
! S R S — — _
i Liquid 50, 0, 3% | Liquid ash > 0,06% | 100, 0. 3%
| < 500MW
i all plants 50, 0 3%
: Solid 100, 02 6% Solid = H00MW 50, 0. 6%
: c03’| wood ............................................................
<-500HY 160, 0. 6%
CO Gti-' lﬂ[‘: n? 32
Liquid 110, 02 3%
Solid 250, 0. 6% .
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2. PRESENT STATUS OF ENVIRONMENTAL POLLUTION IN AND AROUND
SIDEX AND MEASURES

2;1 Was:é Gas and Dust

In this Report, “soot” refers to the particulate emitted from chimneys and
“dust” refers to the particulate emitted from other sources.

2.1.1 Present status of waste gas emitted

1) Standards for emission of SOx, NOx, and scot on SIDEX

The nationwide standards for emission of wasle gas are effective by
the Order 462/1993. Those limit values, as described above, are for
‘new facilities and the practical values applied to existing facilities

-of iron and steel industry will be fixed in the near future.

The new expert organization, ECOSIDER has been established in
January of 1994, which makes plans and designs depollution
systems in order to prevent air, water and soil pollution by iron and

steel plants.

. _ Thé lr)rocedu'_rc‘of‘ dctcrmination for the limit values of waste gas
@ o . émiitcd_by existing iron 'and steel plants is as follows; ECOSIDER
makes a proposal for the limitation, then the limit values will be
determined through discussion among MOI(Ministry of Industry),
-ECOSIDER and MOE (Ministry of Environment).

We have set the target values of depollution system for waste gas as
the same of the limitation by Order 462/1993 because grace period
.. is 7 years and the production plan of SIDEX is in 2002.

+ SOx ¢ 500 mg/Na’ és SO:2

« NOXx ;500 mg/Nm’ as NO:
* Soot ! S0 mg/Nm’

"« O ¢oncentration 1 :3%
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It should be noted here that, because the combustion mechanism of |
the sintering plant is different from that of common combustion
facilities, the O: concentration in waste gas is IS~16% on average.
Accordihgly, application of the same 3% 02 rcstrAictio'n may hot be
practical.,

If this 15% is tentatively used as the restriction on Oz concentration,
the restriction for SOx and NOx will be :

+ $Ox : 167 mg/Nm’ as SOz

» NOX ~: 167 mg/Nm’as NO:2 .
These application are too severe compared with western Europe @

countries as following table.”

-As for the limitation of soot and dusi, the actual concentration of
the gas is regulated without conversion of O: concentration in

western Europe and Japan.

It is expected that the proper limit values will be determined through

the discussion among the competent authorities.

Thus, we have assumed that the 15% of O: concentration is applied
to SOx and NOx, and conversion by O: conceniration is not applied
to soot and dust of the main exhaust gas of sintering plant and

investigated the measures for the waste gas on the basis of this
assumpltion. ' ' '

The emission largets of sintering plant in 2002 are as follows:

« $O2 and NO: 1 500 mg/Nm' (02 15%).
+ Soot and dust ;50 mg/Nm’ (actual)

SOx as SOz | NOx as NO:z|-  Soot 02 conceatration{actual)

Germany  [500 mg/Nm® }400 mg/Nm® [50 mg/Nm®  fnone (15-16%)
(new plant) _ : Loue
French 750 mg/Nm’ {750 mg/Nm’ |100 mg/Nm® [none (15-16%)
(new plant) ,

Japan K value 450 mg/Nm® {100 mg/Nm’ | 15% (NOx limitation)
regulation _
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2)

Re) K value regulation:
The system to regulate concentration of SOx on the ground and
load of SOx emitted from a stack by the following equation. K
value is given legally according to the regional atmosphere
concentration,

q= KX 107 + He(Nni*/hr)  He:effective stack height{m)

Present emission of waste gas

- The instroments and methods used for measurement of waste gas

concentrations are shown in Table I81.2-1. The measurements in the

model plants are shown in Table HI1.2-2. The soot of waste gas

-~ emitted from the coke ovén batteries and BF hot stoves could not be

measured directly by sampling the real waste gas because of no
suitable holes for measuring on the sites, but in case of hot stove it
is possible 10 estimate concentration of the soot by measuring that
of BFG, because BFG is mainly used as fuel.

The limit values of waste gas for $Oz2 and NO: of the sintering plant
in Table Il1.2-2. are calculated on the basis of 15% of O:

concentration, and the limit value of soot and dust is not converted

- by Q2 concentration.
"S0x and  NOx of the reheating furnace were  measured for

confirmation.-

* As the measurements show, problems lie in the SOx, NOx and soot

of the coke oven batteries, SOx and soot of the sintering plants, and

soot of the hot stoves.

For the soot of coke oven batteries, although the actual
concentration could not be measured il is necessary to study the

measures 10 improve combustion because black smoke was almost

- always observed from stacks during the survey and it is clear to be

over the limit value 50mg/Nm’. As Table 111.2-3 compares the

“‘Concentrations between’ SIDEX and Japan, the concentration of
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3)

4)

SOx, NOx, and soot except NOx from hot stoves are a little higher
than the averages of Japan but there exist no extreme differences.
The concentration of soot at the sintering plant in SIDEX, however,

is ten times as high as that of Japan, requiring improvement.

~-Emission rate of SOx and NOx per ton of crude steel

Table Til. 2-4 shows the emission rate of SOx and NOx per ton of
crude steel in the sintering plants, coke plants, and others in
SIDEX. The total emission of SOx in SIDEX is calculated from the

_estimated content of § in the consumed volume of COG, BEG, and

“natural gas and from the balance of § in the sintered ore. The

volume of NOx is calculated from. the multiplication of the
combustion waste gas volume obtained from the consumed volume
of fuel gas by the measured or estimated NOx concentration and

also from the N balance of sintered ore. .

According to the calculation, the percentage of the sintering plant in
the SOx unit rate of emission is as large as 81% of the whole, and
reaches 91% together with the .c,okc plants. For NOx also, the
sintering plants occupy 59%, and reaches more than 70% together
with the coke plants. That is, decrease of SOx and NOx should be
focused on the coke plants and sintering plants.

The situation is compared with that of Japan in Fig. I11.2-1. The
unit rate of SOx and NOx emission is 1.3 times as high as that of
Japan in which no desulfurization or  denitration is applied,

suggesting the need of improvement in SIDEX.

Present status of dust

Generation of dust at charging of coal and:discharging from the

coke ovens, at discharging of sintered ore in the sintering plant, and

~at tapping in BF were canspicuous.  These are attributable to no

installation of dust collectors or not proper functioning of dust
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collectors and form one of the main improvement items.

And it was found that fine ore and dust have been accumulated on
the roads and the ground around the sintering plants and severe
dispersion of dust usually occurred when automobile has passed,
Measures for these: secondary dispersiun such as pavement and

sweep of roads are necessary for the prevention of dust dispersion
from SIDEX,

15



“Table I.2-1. Measurements and Instruments

Pol lutants _ Measurement -~ . Instruments

SOx, CO ] none-dispersive Infrared HORIBA VIA-510

CO, absorption method N |
NO x chemi luminescent method ~ HORIBA CLA-5108
0, magnetic method HORIBA  MPA-510
Soot JIS 28808 =

JIS: Japan Indusrial Standard

Table iil.2-2. Results of Measurements in Model Plants and Limit Values

Mode | | Emitted Concentration O iné Limit Values in SIDEX

Plants ppon  mg/Mw®  waste | O, 3% | mg/n* O
Poilutants (as $0:,N0;) gas:% i converted i (as S0;,N0:) (%)
No.5 SOx  T0~80  200~230 P 280~320 | 500 |
COKE OVEN  NOX 170 350 ] 8 ! 480 | 500 } 3
Seot " - - - i 50
No. T SOx  15~100  215~290 i 430~ 580 500 1§
SINTERING NOx  100~130  205~210 ]13 410~ 5400 500 15

PLANT Soot ~ 280~330 P o280~ 330F 50 -

HOT STOVE  NOx 1~2 2~4 2~5 500
Soot - 65 2! - 50
No. 3 S0 <10 29 P61 500
HOT STRIP  NOx 50 103 }13 P32 i 500 ] 3
MILL R.F.  Soot ~ - o= 1 50

Notes: 1) Black smoke is sometimes seen discharging from C0OB stacks, which
suggests the need for improvement of combustion.
2) The concentration of soot emitted from hot stove is estimated from
the concentration of soot in BFG(105mg/Nn?),
3) The converted values for S0. and NO. of No.T Sintering Plant are calculated
under the assumption that 0. concentration of limitation is 15%,
and the values of soot and dust are not converted.
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Tablelil. 2-3, Comparison in Emitted Waste Gas between SIDEX AND JAPAN

COKE OVEN

SINTERING
PLANT

BLAST FURNACE
HOT STOVE

HOT STRIP HILL
| REHEATING
{ FURNACE

SOx NOx " Soot 0.
{ppm) (ppm) (mg/Nn®) ¥q)
SIDEK data  T0~80 170 - 8
{02 converted) 15~86 183 - i
JAPAN 30 150 (710~ 320) 10 i
SIDEX data  ~ 15~100 100~130  260~330 18
{O> converted) 150~200 200~ 260 560~-660 15
JAPAN{not De-SOx} 160CI50~2000  190C160~2200  50(25~13) 5%
— _n.__.-_...___.k.___#_4
SIDEX data 30~60 | ~2 - 3~5
JAPAN 20 30 10 4
SIDEX data a0 50 ~  10~13
{02 converted) <13 63 - 11
JAPAN 10 54 (30~120 10 H¥

}) Limit value of 0, concentration of waste gas in NOx and Soot regulations,

2) Limit value of 0z concentration of waste gas in NOx regulations,

3) Limit value of 0z concentration of waste gas in KOx and Soot regulations,
Notes: Figures in down line of SIDEX and JAPAN are the converted figures with >
concentration of JAPAN s regulation,
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Tablell. 2-4. Emission Rate of SOx and NOx in SIDEX

S | D E X(kg/t-steel)
SOx as80;  NOx ashO,

Coke Plant 0, 18(10%) 0. 2 4Q13%)
‘Sinter Plant 1. 50(81% 1. 1 06(59%)
Others 0. 17C9% 0. 5 4(28%

Total SIDEX 1..85 1. 88

-S0x NO x

100 |--

50 | HY

SIDEX — JAPAN ——  SIDEX. “— JAPAN ——

(] SOx:None Da-SOx
NOx:None Pe-NOx

HE SOxawith De-SOx
... NOx:with De-NOx

Fig. W.2-1. Comparison of Emission Rafe of S0x and mx .

between SIDEX and Japan
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2.1.2 Analysis of the problems found in the modet plants and measures

In the study of the problems and measures, the situation in 2002 should
be considered. It is supposed that SIDEX will violate the limitation for
waste gas emission or/and discharged effluent and affects severely on the
“status of sedimented dust in Galati. cily than now; judging from the
present status of operation and cmissioh, if the production only will

increase as it is, without measures for pollution prevention,

. The items of environmental measures in this study are listed in Table
111.2-5. The details in each plant will be mentioned in Section 111-3.

Table 111.2-5. Items of Measufcs for Air Pollution Prevention

Plants : : Items of Measures

Coke Oven | (1) Intensive operation by No.5, 6 and 7 COB
Batteries and | (2) Combustion by mixed gas
Coke Chemical | (3) Automatic combustion control
Plants (4) Instaliation of desulfurization equipment for COG
of No.7 COB :
{5 Manufacturing plant of sulfuric acid
(6} Dust collector for guide car and CDQ
(7) Replacement of high pressure pumps for ammonia
fiqure
{8) Improvement of ascension pipe sealing
~ Sintering Plants| {1) Reduction of coke breeze in sintering
{2) Installation of moving electrode EP
(3) Instaliation of desulfurization equipment for main
“exhaust gas
{4) ¥mprovement of dust collection at feeding &
e discharging part of sinfering
Blast Furnaces | (1) Improvement in operation of RSW
: (2) Instatlation of dust collector for casthouse
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Problem of waste gas and measures

In 2002, the following arc supposcd: to exceed the linit values if

measures are not taken:

(1)  SOx frem coke plant . 420 ~460mg/Nm® = 500mg/Nm’

. - (02 3%) :
(2) NOx from coke plant = ¢ 665 ~ 8i0mg[Nm’ > 500mg/Nm’
(02 3%)
(3) Soot from coke plant : 100 ~ 150mg/Nm’> > 50mg/Nn’
- o - {02 3%) ' 1

(4) SOx from sintering plant : 950mg/Nm’ > 500mg/Nm’

R ©iTs®y
(5) Soot from sintcring'plam: 280 ~ 330mg/Nm’ > 50mg/Nm’

| {actual)
(6) Soot from hot stove . 73mg/Nm’ > SOﬁag_le’
| C(©013%)

Re) O: concentration in sintering plant is assumed to be applied
15% in the limitation, '

The status after the measures for waste gas is estimated as follows:

The concentration of SOx as §O: from the coke plant will lower to
1206 ~150 mgINm’(Oz..Cﬂ%) for No.5 and 6 batteries, 10~
I Smg/Nm’(0: 3%) for No.7 batery, below the limit value, due to
improve desulfurization efficiency - of COG from No.5&6 COB.
caused by stop of No.1 1o No.4 COB with consolidation of coke
oven batteries, and duc to newly installed desulfurization plant.for
COG from No.7 COB. SOx cmissioh will be also reduced in the

other plant in which COG is uséd as fuel because of these measures
for desulfurization.
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The NOx concentration from' coke oven batteries will lower to 400~
490mgle§ as NO:2(0: 3%), below the limit value, due to lowered
furnace temperature because of combustion improvement as energy-
saving measures aand also due te change of COG to mixed gas with
BEG.

The soot from the coke plant will lower below the limit value as the '

- result of measures carricd out in COBs such as combustion

improvement, fuel change to mixed gas and the consolidation of
COB's -operation, * parlicularly combustion improvement is main

measure.

It will be necessary to install newly desulfurization equipment in the
sintering plant for main exhaust gas in order to observe the timit

value of SOx. The rcason is as follows:

~ Although the content weight of sulfur will be reduced due to the

decrease of coke breeze which will be the result of the energy-
saving measures, the SOx concentration of waste gas will increase
more than the present, due to increase of the conversion rate from
sulfur to SOx gas by measures of combustion improvement and

reduction of the waste gas veolume by a measure for air leakage

- around sintering machines. (It means the reduction of excess air.)

The SOx concentration of waste gas after the desulfurization will be

' p:rcdic;ed t0 be about 240mg/Nm’(0: 15%) as SO:2 and satisfy the

limit value.

For NOx concentration of sintering plants, it will be predicted to
satisfy the iimit value due to reduction of the content weight of

nifrogen which resulted by the decrease of coke breeze unit

“consumption by energy-saving measures and maintenance of

conversion raie from nitrogen to NO(nitrogen monoxide) as same as

the present by improvement of ignition, though the waste gas
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2)

volume will be reduced by a mieasure for air leakage like the

measures in SOx. -

" The future concentration of NOx will be about 460mgle’(Oz 15%)

as NO:z and be similar as the present(470mg/Nm’, O:2 15%).

The soot from the sintering plant cxcc#ds the: limit value in the

concentration even now and thus urgent measures are néeded.

It will be necessary 1o change the existing dust collector of the fixed
électrode-type electrostatic p'recipi"lato_r for moving electrode-type
one, which is effective for high alkaline dust caused decrease of the
cfficiency of dust collection in the existing prccipitalors.

The high concentration of BFG dust is caused by low efficiency in
the RSW, therefore, it will be able to satisfy the limit value by
lowering the dust concentration in BFG by means of RSW efficiency

improvement as judged from the actual Situation in Japan.
Problems of dust and measures

Though it is difficult to quantitaiively grasp the cffect of dust, the
sedimented dust around SIDEX exceeds the standard value.
Contribution of SIDEX in this matter is not certain, but its effect
cannot be denied. Therefore, in ‘addition ‘1o the decrease of
generated soot, strengthened collection of dust mentioned
above(installation of dust collector at COB and CDQ, strengthened
collection of dust at discharging of sintered ore and renewal of dust
collecior at BF's casthouse) sho'uld'be‘ required as soon as possible.
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2.2 Waste Waler

2.2.1 Presecat status of waste water discharged

1)

2)

Drainage outlets and volume of waste walter

SIDEX has: three final drainage outlets (C8, C4, and C7). The
waste water at C8 is discharged via Malina Lagoon and that at C4
and C7 is discharged via Catusa Lagoon into the Siret, which
combines into the Donau a few kilometers downstream. Flow rate
of effluent is  45,900m’/day at outlet . C8, 29,900m’/day,
3,200m’/day at C4 and C7, respectively. The present status of waste
water discharge at SIDEX is shown in Fig. II1.2-2. Water for

“living in Galati and for industrial use in SIDEX is taken from the

" Donau in the upstream of the confluence with the Siret.

Indusirial water of about 10,000m>/hr is taken from the Donau and
supplied to each plant after the treatment of decarbonation and
coagulation sedimentation, and also to the power plant of RENEL
adjacent 10 SIDEX.

For drinking water, 1,300m’/hr of raw water is taken from the

- Donau and supplied after the treatment of sedimentation, filtration

and chlorination in the steelworks.
QOutline of standards for wastie water

Different from waste gas, nationwide standards for waste water are
not enacted; For the waste walter discharged from SIDEX,
however, the Agreement on the concentration and discharge loads is
concluded per the drainage outlet, recaching a maximum of 18 items
per outlet. This Agrcement includes the penalty system but this

“seems not so binding such as ordering of operational stop against

exceeding of the Agreement values.
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3)

The present restriction values were coacluded between SIDEX and
the National Councit for Water before establishment of the Ministry'
of Water, Forestry, and Environment Protcc:ion.baéed on a:plad
prepared by IPROMET, the planning and design institute for steel
plants, in 1986, and are handed over as the Agseement No.18/1986
with General Department for Water Resources Conscrvatlon and

:Management of MOE and the :Environmental Control Agency of

Galati. .

~ Accordingly, the qualiiy and volume of waste water are measured by
'SIDEX once a weck at the three final drainage outlets, which

- provides fairly enough data.

If a discharge load, calcutated by multiplying the month average
concentration of cach pollutant m -waste water by the average
volume of waste water, exceeds the stipulated value, SIDEX has (o
pay the penalty, calculated by multiplying the excess volume by the

unit price.

The values of the Agreement are quile satisfactory by comparison
with those of the EU countries and Japan, proving no problems.

As there is large difference in the steel production between  the
present and the period when scttled the Agreement No.18/1986, the
negotiation has been continuing to revise the limit values in the
Agreement which will be suited to. the present status of the
operation.

The drafl of the new Agreement has not been opehed }et.

Concentration of pollutants in waste water

Table 111.2-6 compares the measurements in 1992.'w'ith;the values of
the Agreement.
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" For the average concentratlion, the values of the following exceed

" the values of the Agreement:

+ At C8 : Dissolved iron, sulfate ion, ammonia, cyanide ion, and
phenol

+ At C4 : Dissolved iron, ammenia, cyanide ion, phenol,
suspended solids (SS), and total sulfur

‘The result of ammonia, cyanide ion, phenol, and total sulfur seems
to be affected by the gas liquid (ammonia liquor) from the coke
~ plant.

The result of sulfate ion, $S, and dissolved iron may be caused also
by other water treatment systems. Determination of the causes for
exceeding the values of the Agreement requires survey and study of

cach water treatment system including the model plants.
 Outline of water guality at cach drainage outlet is as follows:

(1) The water treatment systeni for the No.2 coke plant arca, No.7
and 8 COB located, is connected to C8, but the system is not
operated when the survey has carried out, and so the cause for
values of ammonia, cyanide ion, and phenol exceeding the
Agreement values may be the mixture of drain from the COG
piping, but its amount and concentration have not investigated
by SIDEX.

(2)  The water treated at the water treatment system for the No.l

coke plant area is discharged into C4. Since the concentration

~of ammonia, cyanide ion, phenol, and total sulfur is 10 10 100

times as high as the valuc of the Agreement, the efficiency of

this water treatment system can be said to have fairly lowered.
_The main causes are analyzed in.Section 111.3.1.3.
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4)

)

(3) For the outlet C7, the flow rate is small, 3,200m’/day due to
low operation of plants connected to this. outlet and the -
concentration of poliutants is also low.

Discharge loads
The ‘stipulated discharge load (kg/day) of each item is set per

drainage outtet as the discharge volume multiplied by co_nccntralion
aid the penalty is calculated per month with the following equation.

“Actual results and Agreement values are compared in Table 111.2-7.

Penalty

= {Av.. monthly discharge volume (m’/day) x Av. monthly
" concentration (mg/lit) x l',OOO - Stipulated discharge load
{kg/day)} x Unit price L

The pcnalty seemed to reach about 85,000,000 Lei in 1993, which
is abour US$77,000 (US$1 = 1,100 Lei).  Ammonia, cyanide ion,
phenol, soluble iron, and tota} sulfur exceeded the values of the

Agreement, of which phenol occupied about 60%.

Other pollution

- Restriction on discharge of waste water by means of COD or BOD

that shows organic poltution is nat applied and not measured in
SIDEX. But, as these COD and BOD are stipulated in the water
quality item in the Environmental Quality Standard for Water and the
Environmental Control Agency of Galati checks these in the Siret
and in the Donau, they may be placed under restriction in future.

And so SIDEX had better measure these voluntarily. .

The Jargest source of organic pollutanis is the ammonia ligquor. The

present concentration after water treatment is about 200 mg/lit. The

Japanese average is 100 wmg/lit, suggesting the aced of
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improvement. As another source of pollution, living water, is
discharged not only from SIDEX but also from the whole Galati
without freatment into the Donau. Accordingly, improvement of

river water quality requires measures against discharge from plants
and also installation of sewage treatment plants.
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[Waste water treatrﬁent or Plant] {m'/day> [Main collecting pipe} : [Outiet] {Lagoon] {River ]

ir ?f ;fk'ugtwf Hing mill h i
0 strip rolling mi : -
W No. 3 BDFp ? i 812 (=>{C2: 6 32n'/day [
Cast:n? and Ingot plant ;o 592
Heavy forge plant i 583 :
W.T.F of No. 1 Plate mill 1,122 ji
No i 0x¥gen ptant s 120
W T.F of No. 1 BOF ' v 561
Fan of No, | BOF P 293
W T.F of No.1 Continuous casting plant | 283 i=>1C3 i1, !Elﬁ!’nn’fcfan,rJ
Thermal station : 1,339 Y U Gl
Thermal station | 3805 4
Sintering plant :
No.1 Lime plant ;1,262
H.T.F of No. | Coke plant area 11,496 e
No. 1,2 C0Q o786
Coke chemical plant inNo.1area P g 155 =] C 4_ 8, 155m’ /day ! O—>1C4 } 29, 856m° /day !
. . : ? moni tor ing
No. 2,3 Sintering plant P 2,912 point 2 lcCatusa =iSiret|
WNOTZFL of N0|3 (tlontmuous casting plant (ligg , ‘ '
lrre plan : : . . : 1
00: plan ;. 64l=>]|C7: 3 166m'/day >3 C T 3 166m°/day
W16 of Semi-finisned produsts mill | 2,081 | bt i 3 IOOM /%Y 5 :
Cement plant and transportation C2A monitoring
point
W.T.F of Slabbing mill P 1,018
W.1.F of Electrical furnace Y |
W.T.F of No.1 BOF P 2,583 - ==
WT.F of No 2 BOF 0 2,329 | = | C5 : 12 958m? /day
K.T.F of 1BF - 5BF ;4,384 :
No. 1, 2 Blower © 167
Casting machine 1,340
W.T.F of No.2 Plate mili {2,583
W.1.F of Cold strip roliing mill ;1,323
W. T.F of Stainless steel plant 74 - )
¥. T.F of Hot strip rolling mill 1,544 =] C 6 8, 130m’ /day
No. 2 Oxygen plant 246 -
Neutralization facility of Cold mil} 1 1,332
W. T.F of Galvanizing plant i 536
Pickling line P 246
Coke chemical plant inNo.2 area .21(}” , | -
No. 3.4 CDQ : 0 . $ \ ; 1 , o :
6BF W.T.F : 2,699 =] C8: 3, 84Im fday I— i C8 . 45,8%m’/day ————=>{Malina == Siret;
6BF Cool ma water system © 455 - = : 5
IBF - 58F Water gronulated slag faclity ; 483 monitoring S
point
l'(‘Sklingl'l'eirt%ngu'?nuIﬁtedislag faclity : 20, l)ig ég pyTEYE . - -
of coke piant area : = : 20, 3 - b ' H
Ho. 3 Blower pront & L 909 R | TOTAL | 78, 916m?/da
d o (3, 288m% /hr

Re. W.T.F : Waste water treatment facility ' o , : ~

Fig, UL2-2. Flow Diagram of Waste Water in SIDEX 111-28






Tablelll, 2-6. Concentration of Efflvent and Agreement Yalues (mg/1)

 Drainage Outlet C8 : Orainage Outtet G4 - Dralnage Qutlet C7

Indicator ; Aaresment Data  (maux,) é Agreement Data (max,) é Agreement Data (max)
Quantity (n'/day) 102,384 45894 120,095 29,856 | 230,328 3,166

. pH [T~ 19 B9 i 1~85 19 B®  65~8

2. €a fon 01 W4 a o155 58 (om 13 59 (8D)
3. Mg ion LB 202688 % % 6O 20 27 s
4 Solubleiron {1 0.3 09069 . 05 22 4% 03

5oCiden 0 %0 186 @B ;2% 18 G0 0 8

6. $0:2" ion S 7 (B () R |- S & AN 1/ B N | B ST
1. N0; = ion 18 Ty 5 36 ey ¢ 5 4666
8 Awoniwnion 0 .3 360LD ;3 3L2 (M® . - LG
g Cyanides : 008 023300 : 003 _058 @ . - 0(O
10. Phenols COBI5 QBTG 014 2003 89D P - 0.048 (0.09
I Suspended solid . 30 26 (55 | 40 43 @Y 4 B 6D
12. Tota! suifur ; - 0.3 : 021 LS 358 -
13, ¥a* lon 18 o120 .5

14, Totat chromium i - % - E 2.8

15, Cré* . 0.00 - -

16, Zn%* ion - 0.009 SN A -

1. Free €1z~ 0.004 S 008 -

18, 0il .05 04 03

Re, Biank in each indicator means that SIDEX has not analysed,

Table |, 2-1, Dfscharge Loads and Agreement (ka/day)

_ Drainage Cutlet é Drainage Qutlct g Qutiet (7 Total Unit Price
Indicator - C8 C4 ;
over Agrecment | Agreement  Data ; Aoreement Data © Agreement | Agreement Data | {lLei/ke)

LSolhle iron| 35 124 i 51 128 5| @ om0 s
6. S0 fon |20,100 35209 (18300 8014 ©  L70 [40,100 43283 | 435

| 8 Awonium fon| - 300 - 464 P 30 L83 - | 80 2287 | 11330
9, Cyanides O T | I | B A A Y <y ]
10, Phenols 1T A | 112 - B8 | 2.889.52




2.2.2

Analysis of the problems found in the model planis and measures

The target of SIDEX for the year 2002 will be not tb discharge waste
water whose restriction items exceed the valucs of the Agreement, and
thus to decrease ihc discharge loads and corresponding penalty as much
as possible. ' | '

Espccially, as described later, the urgent measurces is necessary for'.lhc
reduction of phenol which is considered to affect the water quality of the

Donau and the Siret. The proposed measures for water pollu'lion.

~ prevention are indicated at Table II1.2-8.

Table 111.2-8. Items of Measures for Water Pollution Prevention

Planls o | | ltems of Measures

I 18 ). Improvement of pH Control in Ammonia Slnppmg
Coke Chemical Plants {(2) Improvement of Activated Sludge Process :
(3) Installation of Coagulation Precipitator

¥) To clear the values of the Agreement

Urgent measures are needed for the items that now exceed the
Agreement values. '

If measures would not be carried out, the concentration of
pollutants exceeding the values of the Agreement will stay at the .
present level and the loads of them will increase more lhan the

present according to the production increase.

A large decrease of ammonia, cyanide ion, phenol, and total sulfur
~can be possible by improvement of the coke plants and recovery of

COG drain to or below the Agreement vatues.
As measures for decreasing sulfate ion, soluble iron, and SS, the

causal relation with the plants not within the scope of ‘the Study
should be pursued and éfforts of SIDEX are desired.
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2)

To decrease the discharge toads

As shown in Fig. ML2-2., the total flow rate of effluent from

SIDEX at the present status of the steel production is 79,000m°/day
and its flow rate per ton of crude steel is 9.9m3/i-steel,

Integrated iron and steecl works in Japan the averagé flow rate per
ton'of crude steel * is  4.2m'ft-steel(2.0~9. 1m’/t-steel), and
circulation rate of indusirial water is over 90%. Therefore, it is

generally effective for SIDEX to reuse wastewater still more than

‘now by sedimentation and filiration for the reduction of pollutant
‘loads, because the reduction of discharging effluent means to reduce
+ the loads: ' ' '
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2.3 Solid Wastes

2.3.1 Present status of solid wastes discharged

1)

2)

Standards for solid wastes

As standards on the disposal: of: solid wastes such as by landfill,
there exists only the Basel Treaty whi.ch_rc'stricts cross-bordes
transportation of harmful wastes, and no detailed standards for the
storage, transportation, and disposal according to the properties of
wastes, Correspondingly, there are no special restrictions applied
in SIDEX. Establishment of treatment standard, regulation and

promotion scheme for solid wastes are desired in the future.
Outline of disposal of solid wastes

Solid wastes generated in SIDEX such as slag, dust, and waste
refractories arc basically thrown away o the special disposal area
(slag yard) to the west of the works. Since the start-up of the
works, the disposal area is expanding and now it is about 100
hectares, and may rcach Marina Lagoon nearby in several years.
The slurey and sludge generated at the water treatment are not
dehydrated and are simply sent by pressure piping to the slurry
ponds next to the disposal area. Three ponds are placed as
partitioning off a part of Marina Lagoon.

One is for slurry generated at wastewater treatment facilities in
rolling mill plants, the other arc in blast furnace and coke chemical
plants, respectively. o

As seen above, maybe because of more availability of disposal areas

compared with Japan, most solid wastes and byproducts except part
of slag and dust are disposed of by throwing away.
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3) Present recovery and disposal of main solid wastes

The generated volumes of the main solid wastes and recovery for

reuse in 1992, shown in Table I11.2-9, are as outline below:
(1) BF slag

“SIDEX  has six producing facilities for water granulated
stag(W.G. slag) in every blast furnaces, but only one in No.6
BF of them has full capacity to produce W.G. slag from all

molten slag generated in the blast furnace.

SIDEX sold 0.6 million tons of W.G. slag as a raw material of
cement in 1993, In Romania, 2.5 million tons of blast furnace
slag cement has been produced, in which W.G. slag is mixed,
and the total cement production is 4.7 million tons in 1993, As
" the average mixture proportion of W.G. slag in blast furnace
slag cement is 25%, it is considered that W.G. slag nceded in
the production of it is almost provided by SIDEX. Regardless
of that fact, the recycling ratio of blast furnace slag in SIDEX
stays low level, about 50%, and the residuc is dumping out to

slag yards of SIDEX as air cooled slag.

Romanian standard in cement production prescribes mixture
proportion of raw materials in each kind of cement and there is

- the standard PA35 for blast furnace slag cement production.
For export of cement, 2.5 million tons is produced, and which
.. is produced according to British standard without using W.G.

slag.

. The utilization status in Japan is shown in Fig. 111.2-3,
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(2)

(3)

BOF slag

The generatéd volume of BOF slag is the next largest to that of
BF slag, ' '

The apparent recovery rate is as high as 78% in Table H1.2-9
but this is because of recovery of grain iron from slag. And

‘actually, after recovery, it seems to be stored in the yard, then

disposed of by throwing away. The récovery sitnation in Japan

is shown in Fig. 111.2-4 for reference.
Dust and sludge

All the dry dust is recovered and reised as material. But the
a'nal'ysis system for checking the chemical composition such as
alkali and zinc that adversely affects ‘the operation of sintering
plants and BF should be reviewed and improved. Most sludge,
generated from the waste water treatment systems and thrown
away to the sluiry ponds, i$ not recovered and reuse of it as
iron source is one requirement. ‘But a (trial to reuse sludge
dried up by sunshine as iron source of sintering has just
started, it is desired that this will be spread to other sludge in
the future. The tar sludge, though disposed of by throwing

‘away, can be mixed with coal for use ia the coke oven

batteries. As shown in Fig. 111.2-5, much of collected dust
and sludge is reused as raw material for sintering plants in
Japan,

The discussion between * SIDEX and CEPROCIM(National
Institute  for Cement) has just started, which aimed
collaboration of investigation on the comprehensive utilization

‘of solid wastes like slag and coke dust, and it is desired to

pProgress.
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2.3.2  Analysis of the problems found in the model plants and measures

Though SIDEX has a vast disposal area, expansion of the cxisting
disposal area and ponds should be limited in terms of environmental
protection,  More concretely, the following are recornmended:

-1} . Utilization of air cooled slag .

The air cooled slag generated in BF and BOF hardly is reused now,
but as ‘shown in the status of Japan, they can be reused as materials

-in road construction or civil engincering fields.

Therefore, the theme for the utilization of air cooled slag is lo reuse
widely in this field, although cost competition may happen to occur

with natural sand and gravel.

For the wide reuse of water granulated slag, it depends on the
demands in the production of blast furnace slag cement, but it
should be considered that the wide rcuse of water granulated slag
can contribute energy saving in cement production. In addition, it

can be reused as materials in civil engineering.

‘The ~integrated scheme among slag suppliers, users and
. administrative support by authorities is very important to promote

wide utilization of slags as follows :

That is, SIDEX as a supplier of slag must expand the water
granulated slag facility, install plant for ¢crushing and screening of
air-cooled slag and establish quality management system for slag.

On the other hand, users such as cement producers and constructors
for civil engine{:ring are requested to study or reuse for wide
~utilization of slag, and next for authorities, it is desired to authorize
quality standard on slag in each field of utilization and approve or
promote to use slag as materials for civil engineering carried out
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2)

3

under the admission by authorities.
Treatment and reuse of dust and sludge -

The theme for dust and sludge is to reuse widely as iron sdurcc in
sintering process. In Japan, the utilization ratio of dust and
sludge(except mill scale) is 1:4% to 3.0% to. the production of
sintering ore, but SIDEX stays at the level of 1.1%. |

Therefore,  SIDEX can: reuse them. more than  the present - by
investigating of influence to operations -and analyzing of the

chemical components.

In addition, SIDEX has to install dehydration equipments in order
to fimit expansion of the present ponds and retain its long period of

dumping arca.
Control of disposal

Not to allow careless disposal of solid wastes, a control system
which requires efforts at recovery and reuse: of solid wastes at the
generation source should be established. One good sta_riing point is
to expand the present.system -in SIDEX's . Modernization and

‘Environmental Control Department, in- which the Kinds, volume,

generation source, the plant in charge, recovery cost, eic. of the
waste to be brought into the slag yard are required to be recorded in
a card and submitted to the Department. '
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Tablelll, 2-9, Generation and Utilization of Solid Wastes {1932 fY)

Generation Recovery !

Solid Wastes  (ton/year) (%) Outline of Utilization

1, Bf slag 1,532,024. 35 é Prodﬁétfon.of Sranulated slag = Sale to Cement Plant
2, BbF siag 448,060 78 j Recovery of iron and dump out to siag yard

3. BF dust{dry) 2&,550 100 é Reuse as raw material in sinter plant

4, Sinter dust 24,611 j00 g Reuse as raw material in sinter piant

5. Iron scrap 23,650 100 Reuse as raw material in 80F |

6, Scale .9.500 106 g Reuse as raw material in sinter plant

1. Sludge 40,150 0.4 é Oump out to north and south slurry pond in Malina Lake
8. COB studge 1,065 94 E Partial reuse in BF and storage in ceal yard

9. Residue iron 1,300 100 f Reuse as raw material in 80F

10, €08 dust 2,642 {

11, Coal dust 86,478 100 ? Reuse as raw materiai in 08

{2, Lime dust 1,715 100 ; Dump ocut to slag yard E
13, Dily sludge 1,600 0 é Dump out to slag yard

14. Ta&r sludge 1,200 0 Dump: out to slag yard

15, Acid tar o 4, 000 0 i Dump out to siag yard

16. Résidue nozz]e 1, 000 0 é Oump out to slag yard
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2.4

Measures for Incidental Pollution

There are new generations of  dust

. sulfur _and sludge according to

installations of dust collectors; desulfurization facilities and dehydration

equipments for the environmental protection measures in 2002.

Dust will be reused in sintering’ process' except a small part of it, sulfur

will be recovered as hydrosulfurlc acid and dchydrated ‘sludge of

wastewater ireatment facnllly in coke chemical plants w:ll be incinerated at

coke oven batteries mixing with coal. Each solid w_asles and thelr treatment
are listed in Table 111.2-10.

Table 111.2-10. Outline of utilization of dust, sulfur and sludge

generated from new depollution facilities in 2002

Plant Depeollution facilitics Solid wastes | Generation | Ulilization or ueatment
No.2, 3CDG: Dust Coke dust” (total) Reuss as raw material
Coke oven collector ' " 14,500 Vy|in sintericg plant
baucries and [No.5, 7 COB : Dust ' '
coke chemicat collector of guidecar - _ :
plants Ne.7 COB : COG- Sulfur 2,200 t/y{Recoveras sulluric acid
"| Desullurization equipment . 0f 6,300 tfy
No.5 & 6 COB, No.7 COB : | Dchydrated | (total)
Sludge from activatedsludge | studge 5400 vy -
process | 85 % hydrategd Incinerateby COB
No.5 & 6 COB, No.7 COB : | Dehydrated (total) .. {mixing with coat
Sledge from new precipilator | sladge ' 5,600 t/y R
' 85 % hydrated _

: No.5 & 6, No.7 : SOx gas 3,335 kNni/y| Recover as sulfuric acid
Sintering Daesullurization with sulfur of COG
plants equipmenis desulfurization

No.5 & 6, No.7: Cotlected dust Reuss 12,600 vy in
New electric precipitator of 13,600 t/y|sintering plant, but the .
main exhaust gas residue(1,000 vy} is
dumpedbecaunseits high
alkalinity
Blast Na.5, 6 BF: Dust collector | Collected dust 36,500 fy} Send as slurry to
fusnace of casthouse thickener and precipitator
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D

2.5 - Manageinent of Environmental Protection in SIDEX

2.5.1

2.5.2

Management system in SIDEX

As shown in Fig. II1.2-6, under the Board of Management, the
Modernization and Environmental Control Depariment manages the whole
of environmental measures, then comes the Environmental Laboratory in
charge of analysis and measurement, the Environmental Control Office in
charge of managing the nine plants, and the Environmentat Police in
charge of .moni'torihg. In these nine plants, the chief engineer in charge
of machine operation and encrgy control is authorized as the responsible

person for the management of environmental problems in ¢ach plant.

. The central committee for all the plants is held at intervals of six months

and the plant committee every month in each plant. Activities for
prevention of atmospheric, water, and soil pellution are reviewed and

discussed at the Board of Management quarterly.

Concerning accidents that accompany environmental potlution, the
communication route between the environmental departments and the
plant and also between SIDEX and the Environmental Control Agency of
Galati is established. Education and technical training of the employces

are conducted since 1993,

The management system of SIDEX has sufficiently been established.

Further excellent activities are therefore expected.
Monitoring system in SIDEX

The monitoring system cannot be said to be properly established in
SIDEX maybe because the standards are not cestain. As described
former, in future, an official duty to have monitoring system and report
on emission situation toward big stationary sources like SIDEX may be

- imposed, and so it is desired that SIDEX should install auwtomaltic

continuous analyzers for main gas emission sources and process
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measuring data for management such as making hourly,’ daily and annual
report by computer. And it is desirable to measure flow rate and water
qunality of effluent automaticatly.  Japanese examples are shown in Table
H1.2-11 for reference. SIDEX will be desired finally to monitor the
environmental pollution up to the levels shown in this table. The main
measure.s as - the monitoring will be as follows and a example on a
monitoring system for the model plants in this study are indicated in
Fig. 11.2-7. |

(1) To install instrumeants that can measure SOx, NOx, and O: at the
main generation sources such as coke planis and sintering plants. .

(2) To establish sool measuring system for the facilities in (1) above.

(3) To include COD as the control item in the coke waste water

trcatment system,

(4) To establish analysis system for chemical composition of dust and
sludge.

(5) To establish analysis system for BOD and COD at the drainage

outlets.

{6) To expand the checking system for disposal'of solid wastes,
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Tablelll. 2-11, HMonitoring of Waste Gas, Waste Water and Selld Wastes (Example)

é Autermatic Analyseré Outiine of Mesurement

Manual sampling and
analysis in a month
(S0x, NOx, 02, Soot)

3 Manua! samp!ing and

analysis in a month
{SOx, K0x, 02, Soot)

. Automatic sampler ; (COD, 58, Fe, 0i}, N, P} |

Wéekly analysis
(CQD, 88, Fe, ¢il, N, P)

monthly:2n, carbon
annual thazardous
substances in jaw

: Plant, Facility
Haste E Sinter
Gas : Pellet
: Boiler (No, | ~6) $0x, NOx, 02
RE Slabbing mill R.F analyser
=rehea- : Plate will RF
ting | (Total 10 sources) :
© 8F Hot Stove
" Slabbing mill R.F.
' Hot strip mill R.F. |
% Lime plant ; -t not instalted
é Plate heat-treatment F,
; Cold annealing furnace
é CGL annealing furnace
% {Total 10 sources) ’/
Haste i Qutlet 3points : Fiow meter;pHmeteré Heekly analysis
Hater é ‘
WT.F i Cold strip milt W,T.F .
=waste | 80F W T.F (clarifier) Flow meter
water | Final W.T.F ' ol meter
treatme | BF W, I.F {clarifier) . | COD meter
-nt fa-é Clarifier of fine ore washz
cility ; Sewerage in Works :
5 {Total 7 sources)
Solid | Sludge Bkinds
Wastes§ Dust  3kinds -
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No. 5 Coke Oven Battery |-

No, 71 Sintering Machine

No. § Blast Furnace

Ho, 1 Coke Chemical Plant -

fther Plants: C4 group

Gther Plants: CB group

Computer

CRT monitor

Records

! Hannual neasurement

i s 5 (Telemeter system)
Bust g S0x, WNOx, 02 i
Waste gas é %
~ — O ~ OR = Emission
Dust oo e Dust, SOX Dust $Ox, _NUH, 0, ;
................ _moﬁ_ £P(rich SOx) _— U ,
Haste gas E ' iw g é :
-1 =0~ De-S0x facility O - ——cp Emission
? '
O Ep ()—- - R e
Electric current value of main blower g
--------------------- and Dumper opening ratio :
Dust bust N i
Dust % -— :
------ O Bag Filter of Casthouse O - => Emission
FIOW Rate, pH, COD ......................... ‘ FIOH Rate' PH, CUD -
Waste Water i 3
Activated Sludge Process | @ . J} e — -~ -© & C4 Qutlet
Waste Water | ka - :
—| Waste Water Treatment —- - ’ Flow Rate, pH, COD ;‘~~~-“-~~~‘"'“““~"-""“"5
Waste Water é
-1 Waste Water Treatment ©-- ~=» (§ Dutlet
t hutenatic meesurcnent

- Fig, Ik 2-1.

“Example of Monitering System in Mode!l Planis
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