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1. RESULTS OF THE STUDY ON THE IRON AND STEEL INDUSTRY

1.1 ° Results of the Study at Esfahan Steel Company

1.1.1

Q)

‘(2')_ _

“Plant Qudline

Plant name
Esfahan Stéel Company

Plant address’

" Km 45 - Shahrekord Road, Esfahan:

®

G

&)

©

Number of employees
11,600

Major product name

- Steel bar (Round bars, flat bars, squaie bars, and deforimed round bars),

Shapes {I beams, channels and angles), and

‘Rails

Produclion capacily

Product 1,900,000 ton/year

Qutline of the process

Esfahan Stee! has two blast furnaces (1,633 m? and 2,000 m*), three converters (130 t/
ch) and four steel bar rolling mills. 1tis the integrated steel works to produce steel bars,
shape steels and rails. The production process flow diagram is shown in Figure 1.1.
Their coke ovens and blast furnaces are being fully operated. This means that their pig

iron production capacities are smaller than those of down processes. Therefore, they
are now constructing DR (Direct Reduction) plant (o make up for them.



DR p!anl

Figure 1.1 Production Process Flow Diagram
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Plant history

In January 1966, they concluded the contract with the former U.S.5.R.(now the Republie
of Russia) to build the iron and steel plants, In 1972, the integrated steel works with an
annual production capacity of 550,000 t {the first sfage construction) was completed. It
was followed by additional contracts with U.S.S.R. In 1988, on compleling second
stage construction, the annual nominal production capacity of the integrated steel works
reached 1,900,000 t, which was practically achieved in 1989.

“Fhey are now replacing the converters and continuous casting facilities to enhance their
production capacny In their attempt for energy conservation, the waste heat recovery

boiter for convérters and continuous casting facilities are now being introduced. However,

“since the ways of operation and their facilities have been little 1mprovcd the energy

intensily per unit ton of ¢rude steel is much worse than expected.

In 1995 and 1996 when our study was conducled blast furnaces were of a rehmng type.

" Hence, data in 1994 was used.

- Plant Iayout '

Figure 1.2 shows the plant layout.



Coke oven J

crp

Figilfc 1.2 Plant Layout
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Sintering plant
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" Main gate
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|
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(9) One line diagram

“Figure 1.3 shows the one line diagram.
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{10) Outline of major facilitics

This integrated steel works was constructed in compliance with the technologics and
facilities from the former U.S.S.R. Table 1.1 shows the outling of major facilitics.

Table 1.1 Major Equipment

Name © Number Specifications
Sinter plant 3 5 m
- Coke oven -2 total 130 cclis, 22 VVoven
Blast furnace 12 1,033 m?, 2,000 m?*
Converter 3 130 vch, 2/3 operation -
Continuous caster 7 total 2,500,000 t/y
Reheating furnace 4 90 th, 60 Uh, 200 Uh, 200 Uh
Roling mill 4 Bar mill 650,500,300 o _ %
\ Bar and wire rod mill 350
“Thermal power plant 7 '3 boilers 100 kg/cm?, 540 °C, total 2 generators, 115 MW
“Centrat power plant A boilers 4D kg/emd, 440 °C, 4-blast blower, lotal 2 generators, 24 MW
Oxygen plant : .6 11,000 m%, Oyh

 Main fransformer 2 '125/150 MVA, 230 kV -

a. Sintering plant

It consists of three U.S.8.R. made sintering machines with 75 m? each, Their

annua!_ production capacily in total amounts 10 2,516,000 ton. Their production rate

based on the operating days in 1994 was 1.46 ¢/(h-m?). Although the facilities
- become 100 old, they have been well maintained with much operating effort.

b. Coke ovens o
They have two batteries of U.S.8.R. made coke ovens with 130 cells in total. The '
- production capacily amounts to 1,150,000 Uy in terms of coke. Their working rate
in 1994 was as high as 138.8 percent.” Although they held smooth 0peral:on pretly
much gas leakage was observed at the doors

" c. - Blast furnaces

There ate two U.S.5.R. made blast furnaces which have the total furnace inner

volume of 3,033 ny? for two units, with production capacity of 1,925,000 'y, The
" production in 1994 amounted to 5,235 Ud in average or 5,417 Vd per operating day,

This means that the productivity of iron is 1.79 ¢/m?*.d (averaged for opesating day),
- which is an oittstanding achievement for the blast furnace with low top pressure.



They have to import 40 percent of coal and moreover, they are short of coke due lo
the coke oven capacily. This leads them to injecting a huge volume of economical
domestic natural gas to increase the production of pig iron. The domestic iron ore
is used in full.

Converters and continuous casting facilities (CC)

Originally, three converters and four continuous casting machines, both from

U.S.8.R., were instalied. Later, the vessels of converiers were rcplaced with those

with the capacity of 130 t/ch by means of Japancse technology, and the continuous
casting machines are being replaced by adopting Italian technology. They are now

in process of modernization. The lapping frequency comes up to 51 times per day.

Troubles and the stop caused by repairing works have been hardly seen, and the
production is smoothly going on.: The production capacity of CC amounts (o
2,500,000 vy, :

Rolling mills

‘They have four U.$.5.R. made rolling mills (M-500, M- 300 M-650, and M-350).

The producllon with an annual capacuy of’Z 150,000 Uy is favorably pcrformed
Their major producls are shapés such as I-beam aad_channel, and sleel bar.

Each rolling mill has its own reheating furnace. The reheating furnaces for M- 500
and M-300 are of walking beam type and those for M-650 and M-350 ace of pusher

'typc Their capacities are 900,000 vy of M 500, ?00 000 t'y of M- 300 750,000 v/

y of M-650 and 320,000 vy of M- 350.

In relatic‘m to the pr’oduclion c‘apacity of CC, M-350 which producés steel bar of 5.5

. to 16 mmi dia uses e bi_llels'p'roduccd by M-650.

P6Wer pia’nt and blast furnace blower fac_iﬁly 1

Eighty percent of the ctecmcniy consumed in the stecl plant is generated by
Thermal Power Plant (TPP) and Central Power Plant (CPP). The balance is
purchased from outside source. TPP is the exclusive electricity power plam to
utilize high tempcralure and high prcqsurc SIeam condmons

CPP is composed of lhc power plant and the bIast blower facilitics. a( also has a
' s;:ecml boiler composed of superheater to superheal 40 !-cgh:m2 stecam gencrated as .

the byproduct from converters.



Plant electricity facility

The necessary electricity is normally supplicd from two private power gencraling
plants and purchased clectricity from two external systems. in addition, they have
the gas turbine power generating facility for emergency use.

As shown in the electricity one line diagram in Figure 1.3, the putchased electricity
from the first system is pravided through 230 kV two lincs (Nasac Abad) and
stepped doavn Lo 63 kV by a 125 MV A transformer, The other purchased electricity
from the sccond line (Riz) received via twoe 63 kV lines is put in parallel with the
first etectricily system on the 6.3 kV main line of No. 1 §8. One of private
generating power plants is TPP (Thermal Power Plant) to generate with 10.5kV and
the other is CPP (Central Power Plant) to generate with 6.3 kV. TPP supplies
electricity from a 60 MW and a 55 MW generators, CPP supplies eleciric power
from two 12 MW generators. Within the whole plant, the electricity from TPP to the
related plants is supplied with 10,5 kV, and that from CPP and the purchased
electricity via No. | 88 are provided with 6.3kV. Both 10.5 and 6.3 kV systems are
connected through three 16 MVA transformers located in TPP.

{11} Energy prices

Coal
Natural Gas

- 0il

(12) St
a.
b.

(13) Me

Etectric Power:
Electric Power:
BFG '
COG

. 55 to 60 USS$/t

: 20 Rialim?,

‘2. 20 Rial’kg

50 Rial/kWh (purchascd)
40 Rial/lkWh (private).

¢ 3 Rial/fm’y, - '

;- 8 Rial/m?,’

1 US$ =13 000 Rtal (As of June 1996)

dy'periml
Preliminary study: Oclober 2 and 3, 1995
Plenary study  June 22 10 26, 1996

mbers of the siudy team -

a. ~JICA team

“Heal management technology

: Norio Fukushima

: Seiichiro Maruyama
: Jiro Konishi

: Kenji Kazuma
Kazuo Usui

Leader ;
Process managenient technology

Hcal management technology
Electricity management technology:

Energy policy
Economic ¢cvaluation

: Syin-ya Udo (Preliminary study)
: Shigeaki Kato (Preliminary study)



b.

PBO team

Energy conservation
Encrgy conservation

Micro leve) energy management ©
Macro level encrgy management:

Instrumentation

+ Mr.
: Mr,
Mr.
Mr.
: Mr.

Mazhari

Akhavan {Prehmmary study)
Mianji (Preliminary study)
Azizi

Shayestch

" Mr. Alavizadeh: - Advisory Commitee {Preliminary study)

(14) Interviewees

1.12

O

‘Mr.
- Mr.
© M.
Mr.
‘Mr.
Mr.
Mr.
Mr.
Mr.
Mr. S
: Mr.
M.
M.
M.
"Mt
- Mr.
- M.
i Mr,
Mr.
- Mr,
Mr.

$. M. Tahaic

M. M. Sadeghi .

J. Hashemijou

H. Ghanoony

H. Ba!cm

M. A. Tabaie

M. Rafiazadeh

M. Latify

M. R. Farghadani -
S. Motamen

H. Fakhari

M. Yazdan Panah
H. Baluchesto
H. Aslani. _
M, Derakhshani
Asnaashari
Maherani .
Ghorbani -

Sadri

-Energy Consumpfion

. Senior Energy Manager (Preliminary)
. Energy Manager (Preliminaty)
: | Power Plant Manager
: Electeical Energy Manager (Preliminary)
: Deputy of Electrical Energy Manager (Preliminary)
'+ Head of Networking & sub-stations
:  Deputy of Power Plant Manageér {(Preliminaiy)
:  Expert Economist (Preliminary) ° '
: Deputy Manager Dicector
: Product Senior Manager _
_ : Manager of Technical Department
M. R. Khossavi Rad :
H. Z. Motallebi Pour:
"+ Engineer of Power Plant
: ‘Sintering Plant Manageer
: Economic Department Manager
1 Blast Furnace Manager
: Deputy of Water Treatmcnt Department

Engincer of Technical Department
Engineer of Steel Making Department

: 'Experl of Economist
i Dcpuly of Rollmg Mill Deparlmenl

Production and energy consumption

a.

Production

“This iron and steel workq has a nommal production capauty of 1,900,000 vy. In
general, their productive opcrallon is being well performed. - Table 1. .2 shows the

trend of products in quanllly Table 1.3 shows their major products in quant:ly,

1994



Table 1.2 Long Product Stecl Production (10° Uy)

1991 1992 1993 1994

Production 2.2 2.1 1.93 1.9]

Table 1.3 Production in 1994 (10° t/y)

Products _ Production
Coke 1,033
Sinter : 2,368

- Pig iron ‘ 1,910
Motten steel 1,945
Bloom, billet ] 1,881
Rolling produci

I-beam 936

Bar . 703

Billet | - 229

Charnel o 28
© Angle and rail i3

Sub total . . - 1,909

b. Operation rate

Table 1.4 shows the operation rates of major facililies which are understood (o be

on’the standard level. The operation rate of sintering facilily seenis a little lower, .

because of much dbwnlim’e"due 1o some operational reasons. As for the blasl
furnaces, the operatlon ralcs look worse than those of Japanese average of 98.6 %.

However, their rales are not very much inferior to Japanese average, when we

consider their furnace top pressure and productivity of iron,

—_ ‘0__



Table 1.4 Process Available Time Rate

Non Working Non Working Non Working Available

Name ) . \ -
Time A Tine B Time C Time Rate
Sinter plant 4,583 h 2,553 h 2,030 h 923 %
Blast furnace 591 _ } 590 96.6 %
Rolling mill 650 2,490 1,734 756 91.4 %
350 1,164 ©5% 1,111 : " 813 %
500 ¢ 2,795 1,858 937 89.3 %
300 2,914 2,064 850 90.3 %
Total

9,363 5709 3,654 89.6 %

Nolc Non workmg time A: B+C
Non working time B : by operanonal reason
Non working time C: by irouble or maintenance .

Available time rate = | —

c.

Non working time c

Calendar day % 24 x machine number
Yieid

The yleld is shown inTable L.5. Allhough wé couldn’t complelcly obtain their data

during the study period, we estimate their yield of steelmaking is 89.7 percent and

that of rolling stays around 931094 percent It seems that there may be a room for
- further improvement. '

Fable 1.5 Yicld of Main Process

Converter _ 89.7 % Molten stecl/(pig iron + scrap)

" . Rolling mill 940 % (Design), 93 ~ 94 % (Lslimated)

- M-35¢ 92.9 % (Deformed round bar)

Energy consumption

Table 1.6 shows the trend of the enesgy coﬁsump!iqn, while Table 1.7 shows the
encrgy consuniption and enecgy intensity per ton of crude St_eel in 1994,

__II.___



Table 1.6 Energy Consumption

Unit 1990 1991 1992 1993 1994

Coal 101 1161 1421 1,391 1,317 1,417
Natural gas 10 m? 599 69 643 710 70§
Diesel oil .10 1,872 2,658 2,184 2,182
Fuel oil -kl 20,301

: F,icclricil'y - GWh “872 1,053 1,093 1,052 1,108

In-house generation GWh 1,161 980 020 852 914

“Fable 1.7 Encrgy Intensity in 1994

Nane ~ Quantity Calorific Value ~ Calorie . Unit Consumption
Coal © 1,301.4 x 10° ton 7,400 kcalrkg 9,630 Tcal ©5,119.9 McaV/t-stcel
Coke . 20.5x 10 ton 7,100 kealfkg 146 77.4 '
- Tar -48.9 x 10" ton " 8,800 kealikg -430 . -228.7
- Oil . S MAXI0PKL © 9,000 kcal/L. 643 3418
Electricity - 169.8 10°kWh - 2,450 keal/kWh 416 2211
.- Naturat'gas =~ 702.9x10°m3, . 9,593 kcal/m?, 6,791 13,6103
Toal | o U 1%09% Feal 19,1418 Mcalit-sieel

(2) Energy flow and et energy intensity by process -

The energy flow and encray intensity by process ai:‘e'shown;‘ in Figure 1.4 and Table 1.8
- respectively. ' e, P : o

"_|2H
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Table L8 Energy Intensity by Process

Encegy Intensity/t-stecl Encigy Intensity/t-product
Coke oven 633 Mcal/t-steel 915 Mcal/t-coal
Sinter plant 765 Mcal/t-steel 608 Mcal/t-sinter
Blast furnace 3,766 Mcal/t-steel 3,708 Mcal/t-pig
Stcel making © 420 Mcalt-steel 420 Mcal/t-stecl
Calcining + Dolomite 180 Mcal/t-steel 3,000 Mcal/t-product
Rolling mill 1,200 Mcal/t-stcel 1,259 Mcalft-long product
CPP 455 Mcal/t-stcel 5,432 keal/kWh'
TPP 262 Mcal/t-steel 3,152 keal/kWh
GT-Generation 7.2 Mealit-steel 4,650 kcal’/kWh
0, + Air compressor 100 Mcal/t-steel
Others 533 Mcal/t-steel
Loss 620 Mcal/t-steel
Total

9,142 Mcal/t-steel

~ Since each process in the iron and steel works generales {or generates as byproduct) and
consumes energy, the energy inlensity for cach process is defined as the value obtained

by sublracung the generated energy from the consumed energy and dw:dmg the va!ue
by the producl quantity of respective process. :

The energy intensity of this works in 1994 is 9,142 Mcal/t-crude steel which consumed

1.6 times more energy than that of Japanese integrated stecl works. Although thosc data

© o on the producnon quantity, opcrailon rate of facilities and yield are never unfavorable, R
. the energy intensity does not scem fo be 50 good as we have chpeclcd The poss:b!e

reasons for this are: '

Wit_h their strong intention to increasc the production of blast furnaces, they aré

forced to operate them with higher fuel rate.

" This results in poorer encrgy intensity.

Although they recover the waste heat from converters, a good deal of fuel is
consumed to heat and dry up Iadles and tundishes. This makes the cnergy intensity

- Worse.

The fue? intensity of rolling reheating futnace is too bad.

The mutial adjuslmenls of producuon between relevant processes are essential lo
minimize energy loss Thls is not well carried out.

For example, it is advisable that the production plan and energy distributing ptan

should be prepared simultaneously. Based on these plans, the operating schedules
between related lines should be adjusted in order to consume the most of BFG.



e. There are not a few buffering facilities to absorb the fluctuation of byproduct gas
(an example: the thermal power plant (TTP) can burn BFG up to enly 25 percent of
the boiler load). This compels BFG to be discharged uscless when its volume
becomes too redundant. ' '

L.1.3  The Status of Energy Management

)

(2)

Setting the target for energy comnservation

In this diagnosis, to our regret, we could not obtain information on the target established
to improve energy intensity in this works. o ' ‘

- We origmally thought that they might have less interest in energy consérvation in 1. R,

Iran due to the fact that the prices of domestic cnergy such as heavy oil, natural gas and

electricity were quite inexpensive. This turned out to be a misconceplion, when we

found 1o our surprise a sirong interest in encrgy conservation by everybody from lop
managenient down to workshop superwsors

On visiting each plant, we were often asked for our views and comments on their cnergy

- conservaton efforts and the current siluation of energy intensity as well as about cnc;gy

mtensny levels achleved in Japan.

: Judgmg from their serious attitude to Copp wuh the energy conservation issue raised

from both top management and staffs, supposedly the macro target (an example: to
achieve 5 % of encrgy conservation in five ycars) by the Energy Con servation Com miflee
has well been set up.

Systematic action

j In responée to our question ‘about the action program of the Energy Conservation
Committee, they gave us followmg rephcs, atthough lhey said, ihcrewere few outcomes

to be announced.

Energy Conservation Comnmiittee

“+Action status: At the meeting held once a month, the energy consumplion status in

- each plant is studied.

. -Targel .
. 1) To get their larget closer to the mtcmattona! standard of cnegy conscrvauon
2) To promote energy conservalion through technology improvement.
* 3)  Toachieve energy conservation by increasing efficiency through improvement
and maintenance activities. ' -
4) - Tao attempt energy conservation through |mprovemenl of process.
5) To reduce cost through the more intensive management of eleclncaly demand.



(3

The company {op management rCCOgn'ize the importance of energy conservation and
have in mind the definite target for their plant to get closer to the international standard.
However, due to the lack of the overseas information on the operation technology of
processes in the iron and steel works and the diagnosis techniques on energy consumption
that arc helpful for improving processes, they scem to be at a loss how to approach the
theme to achieve the energy conservation target.

Since the integrated steel works duly integrale a variely of energy, the organized
promotion for encrgy conservation is mandatory. Followed by the definite top management’s
policy, all the employees with energy conservation mind should develop the action
program of total company-wide movement. -

" It is needless to say that the Energy Conservation Committee as the core of the
- movement should have all the employees fully understand the management’s policy.
- Additionally, the project teams consisting of working level staffs may well be organized

to study the energy conservation issues encompassing the different processes as well as
the common problems for each process: : :

The study results should be duly reported to the Energy Conservauon Commitice to
have them execmed through the management. -

In addition, in'o_tder to attain the improved operations and facilities in €ach process, the
process engineers iust be properly informed of the data on measuring and evaluating

- the various energy issues so as to understand the real aspects of processes. Doing these

works may tequire four to five: expcrts at least. It is suggested Ihai the selected
engineers, one per each process, should be trained to be the cxpens through actual
works, : :

Data-based management

:AII the -actions must be based on the “Data”. The energy co'nsu_mplion records and
~ conditions have to be quantitatively determined as the “Data™ aind compared to the

initially plannéd figure. At the same time, in case of the wrorig discreparncies shown
between them, their causes shoutd be investi gated o take proper measures and be turned
to practical use as the picces of information to improve the energy intensity. - If these
systems are completed, lhe energy management based on the data can be said to be weli

‘executed.

‘Multiple kinds of energy are consurned in'this iron and steel works. Daily reports on
. ‘enérgy consumiption are made in each process, and cumulatively added up to lhe

monthly report to be submitted o the manager of each process.

In case there 'appéar some change of energy inlensity in relevant processes, they seem
to 1ry to investigale the causes. However, the acquired data do not always scem to be

utitized for improving the energy mtensny
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All the staffs concerned, not fimited to a few of them, should be aware of the acquired

“data so that the data may serve the energy intensily improvement. It is also necessary

to show every day the energy intensity graph to workshop operators to have them think
why the energy intensity is changed. In doing so, they will be soon prepared to take
necéssary meéasures, in other words, to take part in the energy conservation action
program joined by the all concerned.

Education and training of employees

Since the modc of energy consumphon is often influenced by people’s daily. operauon,
it is essential to teach the operators the proper operation methods with their standards
and have theim abide by those methods. In addition, various kinds of education and |
training are 'neccssﬁry. These range from basic knowledge to the middle class knowledge
such as the outline of process, structure and function of major equipment, approaches to
solve problems and quality control (QC} methods.

" It seems thai the foreman of each process in this factory is excellent in recognizing

relevant issues and gelting hold of information, which suggests that their education !

" aboul the process operations is aptly perfoimcd ‘On the other hand, however, the

educatton to operators in proccsses for cnergy conservation seems o be not yet lmplcmcnled

: ]udgmg from thelr ways of usmg energy.

Equipment maintenance

Any plant is cleaned up. Little steam leakage arid insulation peeling can be scen. We

- are iinprcs’scd:With the planls being welt maimained despite their age. .

Considering their full capacuy opcration and dlfftcully to gel spare parts, the maintenance
conditions of facililies are well evaluated with fewer break down rates than normally
supposed However, it is a little regrettable to say that there still remain some pomls to
be improved.- An example is the BFG volume burnt in TPP (the lhermal power plant).

Although 80,000 m’/h BFG per a boiler could have been burnt down i the boiler

“design, only 40,000 m*/h can be burnt (probabdly since the compleuon of installation).

If the equipnient maintenance in each process, together with its improvement, is carried

" out to get closer to the ongmally dcs:gned figures at leasl their encrgy mlensuy would

become betler.

Issues in the Energy Consumplion and Countermeasires

(B

‘“The comparison with Japanese new iron and steel works

a.” Encrgy intensity per ton of crude steel
"The energy intensily per ton of crude steet of Esfahan Steet (hereinafter referred to

as “Esfahan”) amounts to 9,142 Mcal/t, which means they consume 1.6 times as
much energy as Japanese iron and sicel works. : :

_l’]_,_



In Japan, they operate the steel works with mainly coal, producing mostof clectricity
and fuel by themselves by using byproduct gas (COG, BFG and LDG), because
cach process has good energy intensily. On the other hand, in Esfahan, although
their blast furnaces operate under high fuel ratio, the energy intensity of each
process is so poor that they have to purchase plenty of natural gas from the outer
source to make up for the deficiency of their fuel. Therefore, they produce only 50
percent of necessary fuel by themselves.

b. Net eneigy intensily of cach process
‘Table 1.9 shows the comparison of the energy intensity of each process between
‘Japan’s typical new iron and steel works {hereinafter referred to as “JNSW”) and

Esfahan.

Table 1.9 Comparison of Energy Intensity of Esch Process

‘ . Esfahan - INSW
Process - Product (P1}  “Energy PIXE  Enesgy PIXE
intensity (E)  intensity (E)
_ Mealitp ~ Mcalts ~ Mcallep  Mcalits
Coke oven . (Coal) t - 0.6919 916 . 633 543 . 376
Sinter plamt - Sinter t 1.2591 608 - 765 378 476
" Blast furnace . Pig iron t 1.0157 3,708 37766 3,082 3,130
© Stecl-making  Crude steel - t 10000 420 . 420 30 30
Rolling mill.  RoMing'product - ¢~ - 09531 1,259 . - 1,200 617 - - 588
CPP .. Powerandblast MWh = 0.1693 - . 2,685 455 596 o101
PP - ~ Poweroutput ; - MWh . 0.4029 650 262 ~284 - 114
GT:-Generation - Power output - MWh * 00032 - 2,231 7 e e T
0, + Aircomp. O, product - 10’ m’;  0.2089 479 100 -83 . 17
Calcinig dolomite (Crude steel) * t .~ 1.0000 .+ 380 3 . - 380
Others -+ {(Crudesteel) t- 10000 = 533 533 .. 538 538
Loss (Crude steel) t 1.0000 . 620 620 133 133
Total Crude steel t 1.0000 - 9,142 - 5,628
Corrcciion_s by coﬁvén_er yield . - - base - =133
Total . - 3 o = = 9,142 Mealit- - 5,495 Mcabit-
' ' : o “erude steel crude steel

" Note 1: Pl = Production ton of each process/érude steel ton
2: Corrections by converter yictd are made as follows.
(376 + 476 + 3,130) x (92.7 - 89.7) / 89.7 = 133 .
3: 92.7 is converter yield of Japan and 89.7 is that of Esfahan, at same hot metal ratio.
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¢. The comparison of energy intensity per ton of crude steel

In calculating the energy intensity per ton of crude steel in INSW shown in Table -
1.9, we set up Z (PI) x (E) to obtain the value, on assumption that the production
‘ratio of each process would be same as that of Esfahan, and corrected the effect
gencrated by the converter yield.

Thus, on the presumption of producing the same lypes of products, the comparisons
belween two parties of previous year and this year may be established. However,
upon comparing the energy intensity per ton of crude steel betweeh the twa iron and
steel works with different product mix, the comparison should be made ‘after the
correclion of at least the following ilems. ' :

«  Hot metal ratio of converter
T e P‘urchased ratio of coke
+ - Purchased ratio of sinter _
+  Secondary rolling product/Primary rolling producl

Problems with each process and countermeasutes

- We would like to describe the problems and improvement plan (or countermeasure) of
~ each pracess , comparing the enérgy intensily of correspondent processes in “INSW”.

For your reference, the measure to reduce the intensity, examples of the improved
operation and equipment together with their outcomes are given on the Guideline.

a. Coke oven (including byproduct plant)

Table [.10 shows the result of comparing the energy intensity of coke oven at

. Esfahan with that at INSW. This table shows the intensity difference of 373 Mcal/
t-coal between Esfahan and JNSW. This difference is broken down into following
three factors. o : '

inlensily difference of fuel - o7 Mcalit
intensity difference of electricity + sleam 111 Meal#t
-~ intensity difference of recovered heat 165 Mcal#

Tolai - _ S - 373 Mcalhs

J— 19__



Table 1.10 Coke Oven Encrgy Intensity

Esfahan INSW

Consumed energy Coal Mcal/t-coal 7,400 7,400
Fuel Mcalft-coat 667 570

Blectricity Meal/t-coal 71 91

Steam Mcal/t-coal 176 : 45

Others -2 ©2

Subtotal o 8,316 " 8,108

- Generated CRETEY - Coke “Mcal/t-coat 5,637 5,137
- COG K ‘Mcal/t-coal 1,278 14N

| -Tar.‘ Mcallt-co_a} ] 116 o 306

- L. oil Mcal/t-coal _ 98

© Steam . Mecal/t-coal - 156

CPQ gas Mcal/t-coal _ - 9

CSubtotal 7258 1,177

Heat difference o - -149 -388

' Energy intensity .Mcal.ft-coal . 916 543

Nete: ieat différence_isca!culatéd by coke oven heat balance as follows; -

Heat Balance - o *Mass Balance
Cdmput . Coal 7400 kealkg . Taput  Ceall . 1,000kgh
Output .~ :Coke 5637 . . ' Qutput ~ Coke o792
coG . 1,218 . . St COG{0483%312) 151
. jm' o :| 16 - L . Tar(i.0x38.2.). ]38
‘Light oi} ' _ _ : . Light oil
7,251 - 081

Difference 149 “Differcnce 19
1) Analysis of the difference of fuel intensity and countermeasures

- Since the fucl intensity at Esfahari is similar to the level in Japan before the Oil
Crisis, it is easy to estimate that the improvement plans performed in Japan

“could be applied. In this diagnosis; we pul our'pri(")rit)' on the items which are
expected to bring about a large improvement effect or those which intensity

~ deviates from the standard level. ' Thus, we excluded coke oven from our
measuring object, and have no measured data on it (such as exhaust gas O,

- measurement). However, now that we are informed of the current intensity, we
havé prepared the assumed heat balance as given in Table 1.11.



Bascd on this heat balance, we have figured out how the heat balance will be
betler modified when the improvement plans are executed. The resultis shown
in Table 1.12, '

Table .11 Assumicd Heat Balance for Coke Oven

Operation data Assumed heat balance " Meatitcoal
Fuel infensitly 668 Mcal/t-coal Heat - | Fuel combustion heat 668
Coke generation 794 kg/t-coal: inpul | Seasible heat of charged coal T
Gas generation M2 myft-coal Sensible heat of moisture in charged coal 3
Waler content in coal 0% Fuel scnsible heat D2
Fuel calorific value © 4,100 kealm? Sensible heat of combustion air "9
__ N - . :
: -y Subtotal ' %9
- 1 Heat ~| Hot coke sensible heat : ' 3|i4
Assumed operation condilion | | output | Tar and light oil sensible heat 20
Exhaust gas temperature 350 °C Scosible heat of generated gas (COGy 99
0O, content in exhaust gas (m = 1.4}  6.4% Sensible heat of moisture in Coa 38
Hot coke femperature 1,100°C Evapofation heat of moisture in COG 2
Generated gas temperalure 800 <C Funace body radiation heat 35
Subtotal ) . 659
Mealt-coal

Table 1.12 Energy Conservation Measures for Coke Oven (Fuel)

1 Assuied Operation Condition Fucl Intensity -

- Eahausl "Furnzce . Fuel

e o ..0l Conteat  Hat . s Generated - Moisture Eifect
Energy Con_“””“(‘“ Measures G5 “jiExhzust Ccke: ¢ Gas - inCeal Body Intensity

) © o Temperalure Gas' . . Tempereture  Temperaure . Radiation Heat

Cy C(%) CcC) Q) . A% (Mol (\!ca| tcon!) (Mcal,tmal)

Cuwirent siteation ' 250 6.4 1,i00 . . 800 10 &5 668 base
Oplimiration cf combustion aif ratio 20 38 L1000 %0, 10 85 649 9
(Operation impr(‘)v‘e meal) _ ' : '
Optimization of coking emperature 200 30 1,650 780 io 76 608 a
(Operation improvement) '_
Coal moisture control equipment 170 0 1000 . 50 6 70 540 6%

Total ' : D , _ 128

“ Sirice the working rate of the coke oven at Esfahan is close to 140 %, the fuel
uﬂensny becomes higher by as much as 30 Mcal/t than thal for the oven wilh
the opcranon rate of 115 %. Théy, however, have the advanmge o bum COoG
cxcluswely Therefore, we csumale that the intensity may possibly be reduced
by their better Operauon efforts. An example witl be that fuel/air ratio should -
be adjusied and the 1emperature distribution at the combustion chamber should
be adjusted 10 be uniform. - This leads to very little dispersion of the oven
temperature and much less dispersion of carbonization time (optimization of
oven temperature), ' ‘



With less dispersion of carbonization time and reduction of troubles of pushinig
machine, the carbonized coke remaining fime gets shorter. Eventually, it will
be possible 1o get down the combustion chamber temperature (optimizing
coking temperatute) and thereby reduce the fuel intensity.

Although the investment for the coal moeisture controlling equipment costs
around US$$10,000,000, we would like lo recommened the investment, not
only for its usefulness for decreasing of energy intensity but also as the
effective measure for the expected production increase of 5 to 7 %.

2) Analysis of the differencein electric power and steam intensities and the
countermeasure

The clectric power intensity at Esfahan is 29 kWh/t-coal. This is not inferior
to that of INSW (the electric power for anti-pollution measures is involved in

* the case of INSW).- However, lhe stcam intensity of 176 Mcal/t at Esfahan is
too inferior to that of 45 Mcal/t at INSW. Then, 1aking the 440 °C steam of 40
kg/cm? (G) used for the back pressure turbine into consideration, we added up
this heal to the electric power intensity to acquire Table 1.13.

‘fable 1.13 Comparison of Electricity and Steam Intensity for Coke Oven

Esfahan INSW
' Electric power © 71 Mealit-coal 91 Mcalit
Electric power + High-pressure steam 161 Mcalit-coal _ 91 Mealit
Low-pressure steam - =~ . ©° B6 Mcal/t-coal 45 Mcallt

All this difference in intensily may be supposedly due 1o the improper way of
using steam. In other words, “the raticnalization of steam usage” is mandatory
in their coke oven. ' '

" The following are some exaniples of measures for the rationalization of steam
usage. : S

v To réconsider the opcratibn' standards or improve lhé_equipmcm so that the
exhaust steam from back pressure lurbine may be more effectively used for

©_the process steam,

e+ To chepk and improve the radiation heat loss and condensate loss on the 40
- kgfom? (G) 440 °C steam line,

+ To check and improve the radiation heat toss and condensate toss on 10 kg/
- cm? (G} steam line. (to check frée blowing off from steam traps)
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+ To revicw the heating lemperatures

+ To recover the waste heat in the coke plant or install the heat exchanger for
- wasle/make-up water, in order 10 réduce steam consamption.

Although these are some cxam'ple measures, the improved effects of these are
supposed, from our experience, to amount to 30 percent (53 Mcalft) of the

consumed stcam. .

Wasle heat recovery

It is needless to say that the difference ofene_rgy recovery completely depends

on the installation of coke dry-quenching (CDQ) equipment.
Summary of recommended countermeasures

The energy conservation measures for the coke oven are summarized in Table

1.14.



Table 1.14 Summary of Energy Conservation Measures in Coke Oven

(Japanese Yen base)

Expected Saving

Iavest-
L Total Payback
ment Recommen-
Hem Ercrgy Foel By Million syt P00 gon
intensity Million Million yenly e Year
Meabe KUY o MWRY oy yen
- Qptimization of combustion 19 2,117 46.2 23 - 46,2 o 0 Q
air ratio .
Optimiration of coking 41 5,853 997 49 - 99.7 00 20 (o}
© temperatute ' : ;
Review of the steam 53 7,580 1289 6.3 - 1289 [4] 0 Q
vtilization method ) . .
Introdection of roistere 68 9,735 1653 - 8.1 - 165.3 1,600 6.0 0
cortrolting Factlities*! . ) . .
Iniroduction of CDQ (165)  (23.597) (40L.2) (i96) - (401.2)  (5,000)  {12.5)
“Total T I8t 25885 4400 214 - 4400 1,200 2.9
1442

{Iran Rial base)

Expected Saving

’ Invest- . .
. : : e Total Payback :
tiem Energy - - Fuel : Elcc!nc_ny Million hmlf:::on Peiod :](;c‘;s:mcn-
intensity ‘'Eoiy MNgas - Million Mitlion Rial'y  gial Yea
. Meaal/t gy 0 to'my Rially % MWhy Rialy .

. Optimization of combustion 19. 2717 2,549 34 23 - 1 ¥ C -0 0 Q
oalrestio ) ) o ) L : . S ' :
Optinization of coking 41 5863 S550F 677 49 - 617 3,500 52 . O

temperaluce ' : : ' ) - ‘ o
Revicw of the steam 53 7580 08 8IS 63 - | 878 0 0o o
utilization method _ _ : ' ' ' . . o
Introduction of moisture - (633 (9,725) (9,124} {1,122y (8.1} - (1,022) 17,5005 © (15.6) In'the
. controlting facilitics®! ) B - o . . " futore |
_Tmiroduciion of CDQ {165y (23,597)(22,138) (2,723} (19.6) - 2,723y (271,500) . (2.1 X
Total HI 16,160 1516 1,866 132 - 1,866 3,500 19
.. . .o . Q.9r? . : . . . .

Rermarks: The items no;'lo_bc__rccqmmcnded are not included in the fotal colomn. ] : _ :
Saving ratio:  saving ratio for energy consumption in 2'coke oven - . o ;%;
(Fuel: 1.098,492.3 Geally, Electricity: 37,618.6 MWhy) ' .

*1  Effccts by the introduction of 2 moisture conirol facility do not inchude the effect of coke production increase.

*2  Saving ratio for the energy consumption {Fuel: 16,780,222.6 Gealfy, Electricity: 169,672.1 MWh/y) by the entire Esfahan
Steel. ' e : o

Fuet oil (F.oil) price in Japan: 17,000 yen/kL

Encigy price on Iran Rial base: :
Natufal Gas (N.gas): 123 Rial/m’
Elcctricity: 100 RiaVkWh

Exchange rate: 1,750 Rial = | US Dollar = lmjapanese Yen ' :

Calorific value of fuel: Foil: 9,000 keal/kL, N.gas (Natural gas) 9,593 keal/m’,

Investment msl s based on that in Iapan

The coal moisture controlling system, also comnbunng to the coke productton
increase, is worth while to be invested. This system needs such heat source of
50 Mcal/t as steam etc. Howevér, since the coke oven consumes a large
amount of steam, we assume that some portion of it can be effectively used for
the system or the waste heat within the coke oven can be recovered. Therefore,
we do not add up the addilional encigy.



On the other hand, we are hesitant to recommend CDQ equipment for Esfahan
Steel, because it will imake litile return on investment, and also from the
viewpoint of energy balance.

b. Sintering plant

The comparison of the energy intensity with that of INSW is shown on Table 1.15,
(for the heat batance examples of sintering plant, please refer to Figure 4. 4 in
Guideline). This comparison table shows that the difference of intensity belween
Esfahan and INSW is 228 McaV/t. The following four points are the major dif lercnces
In Figure 4.5 of Guadelme we show the examples of improved mtensuy The coke .
intensily in this case has beeén decreasing to 42 kg/t from 67 kg/t in five years.

The figure tells us that Japan’s coke i'mcnsiiy al sintering plant before the oil crisis
was as same as the current one al Esfahan, '

Difference in coke intensity .- 142 Mcal/t- (20 kg/t)
_Difference in electric power intensity 14 Mcalft (6 kWhiy)
Difference in fuel et¢ intensity 45 Mecalft -
Difference in exhaust heat recovery amount - 27 Mcal/t

“Total . _ ‘ j 228 Mcallt -

“ Table 1.15 Sintering Plant Energy Intensity

Esfahan _ INSW : Remarks “

Consunied energy ~ Coke .~ Mcall 450 (63.4kgr) - 308 (43.4 k)
: " Electricity  Mcalilt 104 (42 AKWhi) 90 (36.6 KWhID)
“Fuel - Mcalt 53 6 '
. Others ~ Mcali B 2 © Air and steam
Subtotal -~ 607 406 '
Generated encrgy  Steam - Meallt . - 27
Electricity . Mcalft - -
Others Meallt - ~
Subtotal  Mcalt o 7
© Enérgy Intensily (Mcaly | 607 379



)

Coke intensity difference

The cffective sintering area of sintering machine at Esfahan is as small as 75
m?. This makes the machine inferior to the larger one in termis of electric
power intensity.  Considering that they have few anti-pollution facilities, it
might be natural to think it would be better than that of JINSW but actually it is
a little bit worse. One problem with Esfahan is that the bed height of sintering

" ore is thin. If the permeability between sintering bed is improved and the bed

height is increased to 400 mm (targeting 500 mm) at least, they will acquire
better yield of sintering. Since we couldn’t obtain the performance curve of

- exhaust fans, we can niot estimate how much of capacity margin {for head and

shaft horse power) they have. We know a good example of similar capacity
machine that the bed height has been made from 300 mm to over 450 mm
within the capacity margin of exhaust fans by improviﬁg the air pernieabilily

- to get uwniform sintering in the machine.® As for the method to improve the

permeability, we would like to suggest mini pelletizing of material or segregation
charging of material. [n addition, CaO mixing may be considéred as a measure
1o increase the a’verage particle size.

' Table l 16 shows some examples of the effeclwe factors and their outcomes
for smtermg yield. '

Table 1.

16 Effect of Operation Faclors on Sinler Yield (for refercnce) -

Flame front speed ' o o + 1.0 mm/min -1L8%.
Cao+05(S102uMg0)u25Allo, 4 10% U 430%
Combmed waler L : ' -+ 1.0% I = 2.0 %
© Mean size of raw mix~ - L o ‘+0.1_% B H ﬁ.4 %

- Ca0
Bed height

Flkgs . 1 102%
S+1omm 1 +04%

* Carbon contents B _ | _ 41 kg‘lt-s : T +05%

- power consumption may be possibly increased due (o the increased draft loss,

This table shows that the coke rate will be improved to 5.9 kgf! (42 Mcélll),
because the yield beconies betier by 7.2 %, if the bed height increases to 480
mm from 300 mm. There will also be poteatial room for eleclric power
intensity to be improved by 11 Mcal/l. However, supposing that the motor

~we assume that the electric power intensity will remain unchanged.

" There still rermains the difference of 142 — 42 = 100 Mcalft in coke intensity.

We suppose that the di fference has been attained from the intention toward low

- coke rate such as the quantity of CaO for sintering and the use of blast furnace
~ dust {containing carbon) through the effort to improve operation and facility,



2)

3)

5)

Electricity power intensity

The oxygen content in the exhaust gas of their sintering machine at Esfahan is
15.8 %. This means the leaked gas volume accounts for 42 %. The main
exhaust blowers have made much excessive air suction to make electric power
intensity inferior. The preventive measure taken for the Ieaked air will much
improve their elecicic power indensily.

The clearance between pallet bodies, side walls, scal bars and dead plates of
sintering machines and the broken holes on exhaust gas ducts should be -
protected against the air leakage. Then, if the oxygen contenl in the exhaust
gas is reduced (o 14 %, the leaked gas volume will decrease down to 22 % and
the main exhaust blowet’s electric power intensily will be improved by

7 Mealit.

Table 1.17 gives the improved electric po.wer intensity by means of the
reduction of leaked air volume. '

. There still remains the difference of 14 — 7 = 7 Mcal/t in eleciric power

intensity. This might be prabably caused by the difference in the efficiency of

~ main exhaust blowcrs and the production yicld,

: Fuel imensily

INSW is usmg the direct ignition burner similar to a slit burner to ignite coke
uniformty and cffmenlly We would like o n,commend Esfahan to introduce
this method., : :

Waste heat recovery dilference

They have no downstream process (secondary rolling mlll) and no consumer of

“steam. Therefore, we would not suggest the recovery of stcam from the heat of
‘exhaust gas of sintering machines or ‘exhaust air of sintering cooler at a

sintering plant. Although it is possible to recover it as electricity, the profitable
return from the recovery is not expected at this class machine with a sintering

area of 75 m?, We will not recommend this method to Esfahan,

Smnmary of cnergy 'cc)nservalion ineasurcs’

Thc cnergy conservation measuros for lhc smlenng planls are showa in Table
1.18.



Table 1,17 Reduction of Air Leakage in Sintering Machine and Exhaust Gas Line

1) Operation condition

Item Figuré Remarks
Production rate 1.3 th-m? Assumed dala
Production 2,340 vd
Suction volume of blower 7,500 m¥min
Total static pressure of blower _ =-1,100 mmAg
© Static efficiency of blower 0.7 Assumed data
- Power of blower 1926 kW

Power intensily of blower - 19.8 kKWhit
" 0, content in exhaust gas 153 % Measured data

2) Relationship of O, content in exhaust gas and air leakage ratio

0, Content Air Leakage Ratio
© Esfahan steel - ' S 158 % 42 %
~ JNSW o 12510 140% 51022%
0%

Pot test in Japan | - 12%

: No:e I: Air teakage ratio = ((O, contenl) <12}/ (21 - 12) x 100
‘Nole 2: Pottest in Japan: Pot test ofsmlcrmg processina iaborato:y shows 12 % of O, content

in exhaus( gas without air leakage.

o

3) Inmprovemént of power intensily, '

Existing - After Imprévéd . Difference
0, content in exhavst gas 158 % . 4% 1.8 %
Air leakage ratio 42'% 2% 0% :
Suclion volume - . '7_'.50(_} m’/min ‘_,:6,44'4 m¥min . 1,056 mYmin
Power of blower ' 1,926 kW 1,655 kw 2T kW
Power intensily - . 19.8 KWhit - 16.8 kWhit 3.0 XWh/t

._..28.,..



Table 1.18 Suminary of Enucrgy Conservation Measures in Sintering Plant

(Japanese Yen basc)

Expected Saving

: Invest-
. Total Payback
Encr Fuel Electeicity . ment A Recommea-
Hem immi’i:y P Ay :::l’;°“ Mittion . F<ri0d - darion
> n o ar, Million yen
Mc_am yealy %MWY oy |
© Yield increase &2 10927 1858 83 - ' 1858 100 05 - O
" Replacement wilh a 47 12,230 201.9 9.3 - 201.9 200 1.0 O
high-efficiency burner . . . _
Development of a low-coke 100 26,022 4424 i9.7 - 4424 300 0.7 (o]
operation technology . . . - '
Prevertion of lcak air 7 - 7,104 710 1T 130 0.4 le]
Steam recovery by waste heat (37 (7,026 (1194 (5.9 - (119.4)  (1,300) (109} x
Total 196 49481 8361 315 7004 T 1 9011 60 07
2.7%¢ T4
(Iran Rial base)
Expected Saving :
. Total Inves, s Payback ¢,
1 Electricit . meat ELOMMED-
ftem onerey i ey Million . pyjpjion . Period  guion -
. intensity Foil - N.gas  Million . 40 Million Rialfy © Rjy -~ Year .
Mealtt  xLyy o 10ty Rialy Y Rmiavy  ° '
Yield increase 42 10927 10252 1261 83 - o w22 1750 14 O
Replacement with a : ‘ 4712230 11,474 1411 9.3 - 1,411 31500 250 O
high-efficiency buroer i . : ) o
Development of a low-coke 100 26,022 24413 3003 197 - 3,001 5,250 (1 o]
~ opetation léchnology : : : R : .

Prevention of leak 2ir - : _ o n04. 70 7 T 525 0.7 O
Stéam recovery by waste béat © (27) (7,028 (6,592) (811} (54) - “O(BEIY {21750)  (28.1) x
Total 195 40,181 46139 5673 315 7,004 710 7.1 6383 10,500 1.6

- e - 20 4241
' Remarks! The items not to be recommended are not included in the totel column. ' :
l.l92.§4! Geally, Edectricity: 100,575

Saving ratio: Saving ratio for energy consumpiion ina smicnng p!anl (Fuel:
MWhly) :

T Savmg ratio for the energy consump(-on (Fuel 16,180,222, 6Gcab’y, Eleciricity: 169,672.1 \‘lthy) by lhc entite Esfahan Steel.

Energy price in Japan:
Fuel price: I‘?.OGO yen/kL
Electricily price: 10 yew'kWh

Encrgy price oa lran Rial base:
Natural gas (N.gas): 123 Riak/m’,
Eleciricity: 100 RiakrkWh

Exchange rate: 1,750 Rial = | US Doliar = 100 Japanesé Yeo .

" Calorific value of fuel: Ol: 9,000 keal/kL, N.gas (Nalural gas). 9,593 kcavm

Investment cost is based on that in japan.
¢.  Blasl furnace

1) -~ Simplified comparison with the blast furnace at JINSW

First of all, the simplified comparison of energy intensity between them is
- given in Table 1.19. ' '



Table 1.19 Comparison of Energy Intensity in Blast Furnaces (1)

BEsfahan INSW
Fuel ratio Approx. 602 kg/i 450 ~ 550 kgt
Nel energy inteasity 3,708 Mcalnt 2,906 -~ 3,226 Mcalit
Dxffcrcncc 802 ~ 482 Mcalit-pig

As shown in the table, there is a big difference of 482 to 802 Mcalft between
them, ' '

* In this reégard, a wide range of fuel ratio arises because the fuel ratio of blast _

* furnace in Japan is adjusted in view of the total cnergy balance associated with’
the whole plant. - Consequently, some stecl plants appear to have the blast
furnace with higher fuel rate.

Blast furnaces are highly energy efficient plant. Since the blast furnace’s
“energy intensily (net energy intensity) is proportionate to its fuel rate, the inost
- effective way to reduce the energy intensity of blast furnace is to decrease its

fuel rate. (Refer to Flgure 4.11, in the Guudelme)

On _1he olher' hand, the coke rate, accounting for the major pertion of blast
furnace fuel sate, flucivates depending on various factors as shown in Table
-1.20. Therefore, the mosl appropriate opefation plans {such as blast témperature,
blast velume, top pressure, oxygen injeclion volume, natural gas injection
vohime' and fuel rate) should be made up with consideration given to the
-prof:tcs and various characters of the blast furnace under the given COI‘IdlllOIIS o
such as pig iron production, raw material and coke ':!renglh '

Table 1.20 Coke Ratio vs Opetalloﬁal Factor (for rel'érea:iee)

Si : +0.1 % 1 +6.0kgn

Slag ratio + 1 kgt T+ 0.2 kgt
Siater ratio - ' +1% ©. 1 =06 kght
Pellet ratio - ‘ 1% - 0.5 kght
Coke ash R 1% CH 42k
Blast moisture _ o S o+ lgmy o : 405 kgt
Blast temperature : oo o H1e°Cc s - 1Lokgh
Gas utilization - - Ll % : L 6.0 kght
'Top' gas pressire - " : " 4+0,2 kg/em® + ~30 keghs

Hot metal temperature - -10°C : - 0.5 kght

.._.30__



2) Opcrauon target of blasi furriace at Bsfahan: Production mcreasc and energy
conservation

The blast furnaces at Esfahan have an unusually high fuel rate, even if their
furnace top pressure is taken into our consideration. Their nel energy intensity
is estimated to consume additional energy of 316 Mcal/t compared with
Japanese new blast furnaces, according to Figuie 4.11 in the Guideline.

It seems that they were forced to make the fuel rate higher due 10 the production
increase object. However, loo high fuel rate causes high furnace temperature,
resulting in the unstable furnace situation. Eventually, the troubles for production

" increase may take place, The efforts for better operation and facility improvement
should be often carried out for the possibly tower fuel rate operation. In doing
so, they will acquire the favorable production increase and energy conservation
(paruculariy. reduciion of coke rate).

* Since wecouldn t have the opportunity to hear about their hot metal componenis,

slag componems and malerial status, we can not exactly a;)pralse how much
~ their fuel rate would be decreased. We, however, suppose that their fuel rate
~ may be decreased by 50 kg/t at least in view of the'slag rate of 300 kgft and:
- current very tow gas utilization efficiency (38.2 %).

“The fuel rate is fluctuated in accordance with the parameter shown in Table
1.20. If they expedite the efforts for bettér ope-rauon and facility improvement,
such as obtaining uniform distribution of charged maleriats, with proper attention
to 1he components of materials, by mlroducmg movable armors in order to
improve the gas utilization efficiency, and thus, altain the reduced siticon (Si)

" jn hot metal, they will be able to reduce the fuel rate by 50 kg/t to get better

: energy intensity with blast furnaces in anumpalsou of producuon increase,

3y Potemial for re_.'d:ucing cnergy consumption
On the aésumplion that the blast furnace at INSW is operated with fuct rate of
550 kg/t-pig, encrgy intensily will be increased to 3,226 Mcal/t. Accordingly,
~the difference between the blast furnace at hsfahan and that at JNSW is

estimated to be 482 Mceal/t.

‘Table 1.21 Coniparison of Energy Intca}sity in Blast Fur:jaccs 2)

Hsfahan _ INSW

* Fuel ratio Approx. 602 kg/t 550 kght
Net energy intensity- 3,708 Mcalit 3,226 Mdalit
Difference 482 Mcal/t-pig
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Again, on another assumplion that the operation is performed with fuel rate of

- 602 kgft, the bet encrgy itensity of blast furnace is supposed not (o exceed

around 3,392 Mecal/t. It seems (o us that the 3,708 Mcal is excessive input of
energy from any standpoint. 316 Mcal/t obtained by reducing 3,392 from
3,708 is 44.5 kg/t in terms of coke. This means that there may be some room
to reduce the fuel ratio by 50 kg/t.

“Table 1.22 gives the comparison example between the blast furnace at Esfahan

and that of INSW by use of PCI (Pulverized Coal Injection).

“Table 1.22 Blast Furnace Energy Intensity

INSW

Lsfahan
' Cénsumed Energy  Coke Mcaln 3,335 (469.7 kg/t) 3,051 (429.7 kg/ty
' oit Mcal/t 337 (37.4 L) 65 (1.5 L/
Natural gas " Mealit " 914 (95.3 m*NA) - '
PCI Mcalit - 657 (88.7 kg/t)
- Subtotal | 4,585 (602.4 kg/t) 3,772 (525.9 ke/t)
Fuel  Mealt 480 . 424 :
Blas{ air - Mcalit 216 (114 m*y1) 263 (1,145 miyn)
- Oxygen Mcalit 117 (95.3 mJ0) 39 (3L4mAJD
Electricity Mcalit 53 (21.6 kWh/) 65 (26.3 kWlvi)
Air Mcalit O - : 9 o :
N, " Mcalit - o 4
: ‘Steam Mcal/t - 32 : . 19 .
Tolal - Mealt . S$,483 Mcabi 4593 Malt:
Generated energy BEG Mcabit - LT775 1,377 o
Electricily Mealit - - 134
Total Mealit - 1,715 LSt
© Energy intensity  Mealit 3,708 Mcait

3,082 Mcal/t

" 4} Improvenient of hol stove _

- Since we excluded their hot stove as well as coke oven from our measuring
- objects, we have no hot stove data such as oxygen contenls in exhaust gas, We,

howeves, have prepared the assunicd heat balance as shown in Table 1.23
based on pieces of information acquired on out site survey. We have estimated

" how the heat balance will change when the improvement is executed. The

assumed effects attainable frony the improvement together with outcomes are
shown in Table 1.24.
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Table 1.23 Assunied Heat Balance for Hot Stove

Opceration data $6.6.22 Assumed heat balance Mcalt-coal
Fucl intensity BFG 436.3 mY/t-pig Heat” | Fuel combustion heat T 480
Blast temperature . 980°C input | Cold blast seasible heat 44
Blast intensity (inchuding G,) 1,236 mit-pig Fuel sensible heat _ 5
O, enrichment 2% % Combusticn air sensible heat '3
a0 | Sub-total 534
— | + | Heat | Hotblast sensible heat ' 309 |
Assumed operation condition | _ output | Exhaust gas sensible heat 3
Exhaust gas temperature B ‘ _ Furnace body radiation heat 64|
0, content in exhaust gas . A6%B(m= 1.4) - Sub-total : L 834

Table 1.24 Encrgy Conscivalion Measure for ot Stove (Fuel)

_ _ Assumed Operaion o _' IFuel Intensity
: “Energy Conservation Mcasure Exhaust Gas O, Content i~ Air ) R
. . Intensity . Effect
Temperalore  Exhaast Gas — Temperature, Sl
Preseni situation C o %0cc | 46% . 30°C 480 Mcalit-pig base
Optimization of combustion 170 1o 30 a8 12 Mcal/t-pig
- air ratio - _ o : _ : .
Ait preheating N L R K 140 4s1 7.

5)  Summaiy of conutermeasures

The energy conservation mieasures for blast furnaces are given in Table 1.25.
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Table 1.25 Swnmary of Energy Conservation Measures for Blast Furnace

(Japancse Yen base)

Expected Saving .
Total !mrc:!- Payback p
. Fuel . Electricity o men ccommen-
fem EI:'::\SJI . M N:'",'on Million Period 43500
! Y Million ; iion yeny en
Meali kLfy yen'y % Mwh'y yenly % ¥
Production increase by knt 81,480 1,385.2 s - 1,385.2 500 04 0
reducing the fuel rate . _ ' _
Low O, opeeation of 12 2520 428 03 - 428 10 0.2 Q
hot stove ) i : . )
Air preheater for hat stove - (17) (3,570) (60.7) 0.5 - (60.7) (250) (4.1) x
* Installation of TRT (65) - (50,641)  (506.4y (122.2) (506.4) (1.000) (2.0) b
equipment : ) .
Totat 400 24,000 1,428.0 110 - 1,418.0 ©S10 04
4.6¢
(Iran Rial base)
Expected Saving - e e, pestack
: F : CEléctric Saent Recommea-
ltem .E“C"Q?' : !-uel‘ : Electricily Million M:‘ilion. Feriod 00
intensily Rt * N.gas  Million %  MWh Mitlion Rially ' giat
: , Mcalt  xijy  10'm’Jy Risky YV Rialty
" Production increase by 188 81430 76443 0 9,603 106 - . %403 81D 09 O
~reducing the fuel rate : : ot o :
Low Q, ogeration of 12 ’2,520 2,364 - 291 0.3 - ' 201 173 = 06 O
hol stove _ . . o ) '
Air preheater for hot stove (a7 351 (3, 349) (4!2) 0. S) - ' (412) (4,315} (!0.6) x
Installation of TRT ) (65) - . (50,641 (S 064 (172 2) (5,064) (17,500} - (3.5) x
equipment : ‘ )
Yolat 400 84,00'0 73807 9694 110 - _ 9694 8925 09
: : . . - 464 Lo - ) .

Remarks: The items not to be recommended are not included in the total colu .

Saving ratio: Saving ratio for ¢nergy consumpiion in a blast furnace -
(Fuel: 6,782,198 Geally, Eicclncuy 4! ,458 M\Wh/y)

Supplememal noie: A biask furnacc lop pressure récovery turbme (TR’E) ks, in many cases, msta!lcd in a blast furnace having'a
furnace lop pressure of 1.5 kg/ém?® and air blow amount of 3,000 m'y/min or more, TRT is provided to recover
a part of a blast fumace tlower power. - Therefore, if the power of the biast blower is smali the power o be

© recovered should maturally be smatl as in the case of Esfahan Steel

#]  Saving ratio for the energy consumption (Fuel: 16,780,222.6 Geally, Electricity: 169,672.1 MWh'y) by the entire Esfahan
Siweel. . .
Encigy price in Japan:
Fuel price; 17,000 yea'kL -
Electricity pricé: 10 yewkWh '
Encigy price on fian Rial base: B
Iatural gas (N.gas): 123 Rial/m? '
“Electricily: © 100 RialkWh :
Exchiange rate: 1,750 Rial = | US Dollzr = 100 Japanese Yea - - -
Calorific value of fuel: Qil: 9,000 kcal'kL, N.gas (Natula! gas) 9, 593 Rcal/m .
© Investmeat ¢ost is based on that in Japan,

The difference of 482 Mcal/t is brought about from the total outcomes of these
countermeasures, The effect generated from fuel rate reduction is supposed to
amount to 388 McalA.



Processes in steelmaking (convetter and continuous caster)

The comparison results of energy intensity between their processes in steelmaking
and JINSW are shown in Table 1.26.

This table shows that the difference of energy intensity between Esfahan and INSW
is 390 Mcal/t. The following four items cause major differences.

The dilference in oxygen intesity (converter)
The difference in electricity intensity

The difference in fuel intensity -

The difference in waste heat recovery

15 Mealft

'S1 Mcal/t (21 kWhi)
235 Mcalit

101 Meal/t

Total

402 Mcal/t

- Table 1.26 Steel-making Process Energy Intensity

' Esfahan o

L INSW

“Consumed energy Oxygen  {converter) 104 (61.3 M/} 89°(52.3 m%/t)
3 ' Oxygen  (CC) 12 (6.8 M) 2 (1.2 mJ0
Eleetricity . 144 (58.9 kWhit) 93 (37.8 KWh/t)
Fuel . (converter) 169 o 21 -
Fuel {(CC) 98 1K
Fuel (total) 267 S 32
Air E 19 16
N, -
: Airgori - 3
Steam - 5 o 23
. Coke 9 (t3kgiy . B (L1kgn
- Sub total 560 Mcal/t - 27t Mcalit
Gencrated énergﬂr LDG T 202
7 Steam (High Pressure) 140 -
Steam  (Low Pressure) 315 39
Boiler fuel | 314 .
Sub total 140 Meal/t 241 Mcalt
420 Mcallt

" Energy intensity

30 Mcabit
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Improvement of oxygen intensity

Due to very high tapping temperature of 1,700 °C, the oxygen intensily is not
50 good and yi¢ld of crude steet is low. Since they have ladle furnaces at
Esfahan, they will not need to have allowance for tapping temperature and thus
can lower the temperature remarkably, The improved effect of crude steel
yicld greatly contsibutes to the improvement of energy intensity in iron and
steel works. Therefore, increasing the improved yield of crude steel should be
taken as a target together with the improvement of oxygen intensity.

Since they alrcady own the stirring equipment by inert gas (LDCB), full
employment of it wilt be helpful for reduction of oxygen intensity through
improvement of crude steel yield and the improved ratio of hitting the quality
standatd. - The increased yicld by 2 % and improved oxygen intensily by
6 m*,/1L will be tentatively the targets for improvement through better operation
effort.

Improvement of electricity intensity

" Notwithstanding féw anti-pollution facilities, their electric power intensity is

unexpectedly high. The supplememary natural gas firing in ladle furnaces and
waste heat recovery boilers (that means the continuous opcrauon of e¢xhausl

~ fan) may be linked to the increase of electricity intensily. We will suggest

3

) suspendmg the supplemenlary firing in the waste heat recovery bollers later at
‘Heat Recovery section. :

Fuel inlensiiy .

Slrangely cnough thb proccsses in steelmakmg shop consume such a Iarge .
amount of fuel (267 Mcal/t). 70 to 100 Mcal/t is supposed to be enough to cut - '
billets and keep ladles heated. Itis hlghly recommended that the map for fuel
consumption ‘in the steelmaking shop be drawn up and the tentative flow
meters be installed in an attempt to review their operation standards (heat
holding time, and fuel consumption/utilization at heat holding).” We suggest
that they will exert. themselves to overcome this fuel issue. The target to
reduce the fued will be 200 Mcal/t.  In addition, it is also necessary to check
their natural gas flow meters as described later.

Recovery of encrgy

Although intensily of the recovered energy as steam converters al Esfahan is

 apparently high, it actually becomes lower after reducing the volume of natural

gas for supplementary firing. Their net recovered energy intensily is less than
that of INSW by 101 Mcal/i.
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Here are some energy recavery problems at Esfahan..

«  Since they try to continuously extract high pressure steam from the batch
type converlers, they are making supplenientary nateral gas firing at low
efficient waste heat boilers (Thermal efficiency is supposedly 70 %).

+  Anotherissué is that the high pressure steam produced without consideration
for the efficiency is superhcated with more additional energy. The superheated
steam is input into CPP (central power plant) with the steam turbine
efficienicy of 27 to 28 % only, to generate electric power.

» Fvenafter oxygen blowing is started, the natural gas burners which operaters
_forget o stop firing are found, continuing supplemchtary firing to generate
low pressure steam (the scene was abserved in our site survey. Table 1.26
evidently shows the generated low pressure steam of 315 Mcal/t. This
means they are firing natural gas during converler operating)

+ Because plenty of low pressure steam is generated during oxygen blowing,
much of the steani is exhausted in relation with the balances of user plants.

Since the converter gas is fully fired in the waste heat boiler system, the heat - E
absorpuon rate of the healing sutface of the boifer is high. Therefore, if they -
increase the producuon at converters (this means the increase of oxygen

. blowing rate), the life time of the boiler becomes much shorter.  Since at’ -

Esfahan, the vessels of convef(ers have been complétely replaccd we¢ would
like to propose that, when the life time of the boilers is finished, they should

' adopt the gas recovery system.

In the meanwhilc', the following arc'SUggcslcd for the 'oper'ation' methods with
increased enugy recovery ratio. Smce the waste heat boiler suddenly increases
its steam evaporation volunie soon after blowing start of converter, the steam
pressure has to be increased to the specified pressure before blowing startt in

- order to sécure water and steam volume ratio in the evaporaling tubes and
* reduce the thermal siress of drum steel plate. This specified stean pressure has
- lobe discussed with the boiler manufacturer but we assume it to be around 20
o 25 kg/em? (G). If they suspend extracting high pressure steam, we estimale
: lhal their consumptlon of natural gas will be rcduccd down to 5 % of current
' volume (this mcans 3,080, 000 m? !year)

.u37__
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If natural gas is limited to fire at starting up of boiler together with the
suspension of extracting high pressure steam, above steam recovery volume
will be decreased o around 200 Mceal/t. - However, the natural gas volume
consunied for supplementary firing is 20 Mcal/t. Therefore, the energy recovery
of balanced 180 Meal/t is expected to increase the recovery volume of 40 Mcal/

“tin the steelmaking shop. If the natural gas unused in the boilers of converters

is supplied to TPP to generale electric power and the low pressure steam is
extracted from the steam torbine at TPP in case of necessily, the net energy
intensity of TPP will get improved.

Summary of countermeasures

The summary of enezgy conscivation measures at steel-making processes is
shown in Table 1.27. :
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Table 1,27 Suinmary of Encrgy Conservation Measures for Steel-Making Process

(Japanese Ycn base)

Expected Saving
- Toral favest: Payback p
L Fuel Electriciiy ment d ecommen-
Tern Fncrgy e coriely CMiltion pgiion Périod g
intensity Millicn o, Millien yen'y year
Mat MY % MWWy o % yen
Improvement of converter yield : O
For & reduction of oxygen 10 - P I A ¥ 7.0 771 0 o
For a reduction of eléctricty 10 - 1,712 771 7.0 FXA} 0 -0
" inthe above process . ) . L
For a feduction of fue! 107 2217 780 - 388 - 360 . 0 0
in the above process _ : R C
Reduction of fuel in the S0 41,350 7028 725 - 7028 0 -0 0
steet-making plant ) . .
. Improvement of the boiler 40 826% - 1406 14.5 - 140.6 - 0 0 O
auxiliary combustion method ) : I c
Replacement with an (40) - (8.268) (140.8) {14.5) - (140.6) (3,000) ~ {35.6) Inthe
exhausl gas RCOvERy equipment : ) future,
Total 367 TS 1.219.4 125.7 © 15,424 1542 140 1,37136 0 0
' : © 39 o 9.1+
(fran Rial base)
ok Sa"."g_ Total | tnyest- | Pﬂ.)'b:ld.( ‘ .
) Fuel . Electrici ment Recommen-
ftem Energy ma— ke Million ygiion Period  gien
intensity Foil Ngas Miltion o, Miltion Rially  gial ear
Meallt gy 10'mJy Rially Y Riavy o
lmprmemcnl of comverter ):c!d ' _ . O
For a reduction of oxygen 10 - AP 70 TN 0 0
_For a reduction of electriciy 10 - M 10 I 0 0
Jin the above process . o ) o
Forareductionof fuel - - 107 - 22,117 20,750 ~ 2,552 - 38.8 - 2,552 o ¢
it the above process - o o po - )
Reduction of fuel inthe Y200 41,330 38,785 4900 725 - A1 0 0 Q
©iseetmaking plamt Coy . ‘ ! :
© Imptovement of the boiler . 4y 8268 7,757 954 145 - | 954 0 ¢ e}
" auxiliary combustion method L L
Replacement with an . {40) " (R,268) (1,757) (954} (145) .- @3 (87500 (917 Inthe
exhaisst gas novery equipment o : ' : future.
Total 367 71,115 671,292 8.276. 1257 15,424 1512 140 9818 0 0
3.9%¢ ‘ AL

Remarks: The items 10 be implemented in the future zre pot mcluded in the iotal column,

Saving Fatio: Saving ratio for energy consumption in a stcel-making process
519,150 Geally, Eiec!ncaly

ey

Fuel price:

Electiicity price:

Electsicity:
Exchange rale:

(Fuel:

17,000 yen/kL
10 yen'kWh
« Energy price on Iran Rial base:

Nztoral gas (N.gas): 123 Rialim’,
100 Rial/’kWh

110,556 MWhy)

1,750 Rial « 1 US Dollar ~ IOO.Iapanesc Yen

Calorific valve of fuel: Gil: 9,000 kcaUkL, N.gas (Natural gas): 9,593 kta!lm »
Investment ¢ost is based on thal in Japan.

Saung ratio for the cncrgy consumplion (Fuel: 5. 780, 22 GGcala')l. Eh:cmcuy 1696720 M\\’h!y} by the entiré Esfahan Stcd.
Energy price in Japan: -



Rolling processes

The comparison of energy intensity between Esfahan and JNSW is shown in Table
1,28, This table shows that the energy intensily difference between Esfahan and
INSW is 483 Mcal/t. The major difference lies in fuel intensity.

Fuel intensity difference per ton of rolling mill production is 533 Mcal/t.

Table 1.28 Rolling Mill Energy Intensity

N

2)

Esfahan INSW Esfahan (final product base)

Production 2051 x 10°t . - 1,793 x10°t

Fuel 878 Mcalit 345 - 1,004 Mcal/t final product

Electricity 216 (88.1 kKWh/t) 250 (102.2 kWh/t) 247

Oxygen { - o
© Steam 5 19 6

Air - 3 _ : -

Others - _ ~ .
- Total LI00 Mealit. . 617 Mcalit 1,259 Mcal/t final product

Difference in fuel intensity

- On their p'rbducihg 5.5 to 16 mm dia steel bar and angle 80 at Esfahan, 1héy

pass iwice the ro]lmg process at M-650 and M-350 from the standpoint of
production efficiency, Thercfore, the net energy intensily per products ton is
1,259 McaVt. Since 1hey actually consume twice the fuel and electricity on
their passing twice (he rolling mills, v.e do not apply the intensity for per ton,

“of the final product but for the rolling mill output volume (or rolling mill
- production output} t6 compare with that of INSW.

Operation situation of rolling mill

Table 1.4 and Table 1.29 respectively show the operation siluation of rolling

mill and production of each rolling mill,

“Ifthe r'olling:mill opefate at 75 % of the nominal capacity, 367 vh bloom would

be possibly treated at M-500, M-300 and M-650. However, with around 263 /
h production capacity at lhe steelmaking shop, aboul 28 % (6.8 h/d) of non

rolling hours is gencrated.” The actual result in 1994 reveals that non- rolling
- hours of 7.5 hours per one day per each rolting mill occurred.

._.40-_.
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Table 1.29 Relling Milk Production in 1994

I beam Bar Channel Billet  Others  Total  Working Average _ Capacity
1000 1000L 1000L 1000L: 1000L 1000L timeh th vh 1000 VY
M-500 WB .
624.9 0 21.9 - 0 6529 5965 1094 200 9_00
- .M-300 12 ~ 404 WB
- 4731 - 0 ] S 4731 5,846 809 200 700
M-650 _ 2583 _ 1 * pusher :
3114 c 0 1129 271 6854 6,276 1093 = S0 1750
M-350 55160 ¢ pusher
- 224.5 ¢ — 105 2400 7,596 4Ll 60 - 320
Total 9363 7026 2.7 3712 13.2 . 2,051.4 25,677 550 : 2,470

’&) Mcasurement and analysm of continuous rehealmg furnace (M 50(} fumace)
for billet.

R 'Equipment and meashring :

This rcheatmg furnace is of walking beam type The charged blllet is

“transferred to extraction direction by a ‘movable supporting beam at the -

furnace bottony. Figure 1.5 shows the outline of equipment. The measured
v_alues other than _lhoselof exhaust gas are a_lso shown on the figure.

hgure 1.6 shows the graphlc represenlauon of exhaust gas measuremcnl
results.



Figure 1.5 Schematic Diagram of M-500 Reheating Furnace

& Hot air blow-off Fuel gas-in
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Heating (cmperature 1,180~ 1,250°C ~ - . Manufactured USSR, 1988 -

Figurc 1.6 OXygelj, CO, & Temperature, M-500 Furnace (23'-Junef1996)
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The recording of uninterrupted measuring of exhaust gas and operation was
carcied out from 17.00 1ill 7.00 in the next morning. However, since there
was the time zone during which material charging was suspchdcd, the
following analysis, excluding this time zone, should be understood to have
been conducted for five hours from 17.00 till 21.00.

Combustion calculation

The fuel combustion ‘calculation was pcrformed with the spread sheet
drawn on a personal computer (PC). ' By setting up fuel components, air
temperature, and oxygen content in exhaust gas on this calculation sheet,
the fuel heat value, components of combustion gas, gas volume of ¢ach
components of combustion gas, combuslion air volume, air ratio etc. are
represented in the calculated table.

" The effect of air ratio adjustment and air preheating can be obtained using

the oxygen content in the exhausl gas as parameter.
Heat balance and analysis '

The premises for our analysis and the calculation results of the heal balance
are sespectively shown in Tables 1.30 and 1.31. '

F.43__.



Table 1.30 Premises in Heal Ba_lance Calculation

Item Unit Value Remarks
Period for calculation 17:00 10 22:00  Five hours, 23-Jun¢/1996
Billet charged Tt 615.4 Actual value for the period
" Fuel gas flow in the period m¥5-hrs 15,060 Panel reading summation

Combustion air volume

Calculated on the sheet based on oxygen content.

For furnace only calculation:

R

r'l ‘ﬂ.%

" Oxygen in exhaust gas 6.0 Spot measured value at side wall hole
Exhaust gas femperature °C 860  Panel reading ;
' ' Tempeialure.dmp in exhaust duct might be
several degrees. :
“Air temperature : °C 400 Pane} reading
For air heater including calculation:
Oxygen in exhaust gas - % 10.2 Average value of measured record
Exhaust gas lemperature e 440 - Panel reading
© Air temperature L - °C 30 - Assumption

Hot air blow off heat

kealh 2,236,917

Spat measured

- Cooling wates:

Flow amount CmYh g
- Temperatute-in e 17

‘Designed value

. Measured, typical value _ :

Temperature:out °C - 20

Measured, iypical value

“Table 1.31 Heat Balance of M-500 Reheating Furnace (excluding AM)

(Mcaltt)

~ {Mcali)

Heat-in e  Heat-out o

Fuel combustion heal 643 813 % Billetdischarged 1871 27.0% B
Fuel sensible heat 0.0 0.0 % ‘Scale sensible heat : 6.6 1.0 %
Air sensible heat 10i.6 4.6 % Exhaust gas sensible heat 381.1 54.9 %
Billet heat content i1 0.2 % Cooling water _ - 88, 13%
Scale gencration heat 26.7 38% Emission and miscellaneous heat 110.3 159 %
| Total 6938 1000 % Total 6938 1000 %
Exhaust gas temperature 860 . " Oxygen in exhaust gas ' 102 %
{nvasion air ratio 545 %

‘Air tempetalure (bli mer} 400 '_

The heat batance calculation is made within the extent down 16 the recuperator
~ inlet where the exhausied gas was measured. The item “others” in the heat
- balance indicate the calcntated values obtained by deduction. The heat
* radiation from the furnace body is included in this item.
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During this measuring period, the charged volunic amounted to 123.1 Uh,
The necessary fuel calories to heat up steel of one ton or, that is, the fuel
intensity was 564,000 kcal/t. During 14 hours of the whole measuring
tine, the suspension of billet charging took place for two hours. 1f these
hours wete included into our calculation, the fuel intensity’ would be
increased to 603,000 kcaltt. Therefore, we would like to recommend the
uninterrupted stable operation.

The fuel intensity at the rehealing furnace in cold charging is around

© 400,000 keal/t in monthly average in Japan. Cold charging means that

billet and slab are charged into the reheating furnace at normal temperature.

Combustion air blower

* The input of the combusiion air blower motor were measured. Table 1.32

shows the specifications of the blower.

o Fable 1.32 Speeification of Blower

© Air volume : 1,100 m¥%h '

Pressure - o 633 mmHg
Motor output ) B0 KW
‘Motor efficiency -~ © 93 %
Rotational speed 1,500 cpm

“‘Table 1,33 shows the me_zisureménl results.

Table 1.33 Measurement Data of Blower

: V_ollagé (kV) Currént (A) ~ Elecleic Power (kW) Power Factor * Load Fa'ctori '

Maximum

Minimom

Average

5.76 71.9 649.2 0875 0.811
5.60 ‘ 678 : 6134 0.869 0.767

5.68 697 . 6304 03871 0.788

From the point of view of electric powc'r,_the load did not fluctuate
remarkably and the load factor was almost 80 % to indicate that there will

" not be piacticaily any serious problems.

" However, the preheated air was blown outtoa ¢onsiderable extent, suggeslmg
~ that the air flow rate can be reduced.



4) Improvement of fuel intensity at reheating furnace
The diagnosis results of the rcheating furnace and the data oblained in our field
susvey are summarized into Table 1.34,
Table 1.34 Fuel Intensily in M-500
Average Production Fuel Intensity Yield
Meah value of all the rcﬁealing - 65 % of the maximum 878 Mcalit Unknown
" {urnaces for 1994 value
M-3500 reheating furnace - Product 188 th 532 Mcalitp 24 %
design value {Charge 200 vh) (500 Mcal/t-inpul)
M-500 reheating fornace 1145 Uh 606 " Assumed to be -
~ diggnostic result (Charge 123.1 t/h) (564 Mcal/t-input) - 93 %

The actual fuel inténsity (878 Mcal/t) in the reheating furnaces much exceeded
the design value (512 Mcal/t), o even the mean value (564 Mcal/t) durmg five-

hour diagnosis.

@ Improvement of production and process control and minimization of fuel
consumption for holding heat ~Reduction target: 212 Mcalft

As indicated in Table 1.34 above, there is a big difference in fuel intensity
{314 Mecal/t) between 878 Mcal/t of their yearly average and 564 Mcal/t on
 their uninterrupted operation. This difference is supposed to be raised on’
~ such occasions as consuming uscless fuel for material waiting’ time in

relation with steel-making and CC capacity or improper matching of the.
~ heal pauern at the reheating furnace in case of delayed rolllng speed

Therefore, the followmg countermeasures will be necessary,

®-1 [mpmvemem of production and process control

M-650 (and M-350) should be operated with as constant rolling .
~speed as possible. For this end, we would like to recommend to
- build the revised production plan in which either M-500 or M- ‘400
- " may carry out the scheduled shutdown for a cerlain period.

In o;hér words, the production plan with consideration given to the

fuel consumption should be worked out. Figure 1.7 shows the
relationship between fuel intensily and rolling speed.



Figure 1.7 Relationship between Fuel Intensity and Rolling Specd
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Improvement of reheatinig furnace operation

The operation should be performed with the heat pattern corresponding
to folling speed. At the slower rolling speed, fucl should be decreased
to protect overheating, The holding and heating up standards should
be’ prepared so that they may operate with minimum holding and
heating up Ioss

' . The n')ll.i.ng' mill should be operated to discharge billets_ﬁom the

@ Reducuon of fuel mtcnsuy to the designing point

rehcating fumace ata specified speed.

Reduction target: 134 Mcallt

The actual fuel intensity should be reduced to the designed fuel imensi(y by

adopting the following improving measures.

@-1

TInstatling a pa_nil_ion wall_

Unless lhe patilllon wallis installed in M- 500 reheating furnace, the

- combusl:on conlrol (temperature conlrol of bloom) will be dufﬁcull
© and heat efficiency at low load may poss:bly bc worse., '

If the paruuon wall is mslalled lhe heal transition and combuslmn

~ temperature in each zone will become stableto improve fuel commllabnhly'

and to allow inpulting the optimum volume of fuel.



S0%

Fue! economy

@-2°

Optimization of combustion air ratio

The oxygen content 6 % in the furnace is equivalent to air ratio of
1.4, In Japan, the standard air ratio is 1.25, which means the oxygen
content in exhaust gas is equivalent to 4.2 %,

The improved air ratio brings about the fue! saving effect as in
Figure 1.8. Now, if the oxygen content is reduced from 6 % to 4.2
% owing to the improved air ratio, fuct will be reduced by 7.4 %.

Figuré 1.8 Fuel Econamy by Air Ratio Adju_slmeilt (M-500 Fuel Gas)
(Exhaust Gas 1,100 °C, Burner Air 400 °C)

0% —
‘ Oxygen afler adjusiment = 0 % /
0% /
0% : / / _
: . / /2.5 % A 5.0 %/
> ' ‘ 15%.
0% : .
100 c25% ' 50% C15% 10.0%

Exhaust gas oxygen before adjustment

" The fo’llbwing are necessary for the measures to reduce the air ratio.

+ Enhancement of operation management for combustion such as

' maihlenéhce of burnérs.
+ Tightening of seal in the openings such as the inspection holes.

~+ Optimization of furnace ptessure control.”

+ - Installation of the ¢xhaust gas oXygen nieasuring meter to monitor
‘the oxygen content in exhaust gas, k

- Prevention of éat emission loss

The prévénlion of heat emission loss will be attained by preventing
heat radiation and gas leakage from the inspection doors, by repairing

“the furnace walls and by stronger heat insulation of the furnace wall.

Table 1.35 shows the calculation for the heat emission from the
walls based on the measured and estimated figures on the furnace
wall temperature.

Hqg.u



Table i.35 Surface Emission Calculation (M-SOO Reheating Furiace)

Ambieet Surlace Heal Transfer Coefficiéat  Unit Totat '

Area —_
No. Temperature Temperature ~ Emissivity m? Convection  Radiation Heat Heat Remarks
°C °C kealWm'C  kealmy'¢  kealm'h o keabh
| 300 100.0 09 3615 s143 6866 241 308919  Side wall
2 300 200.0 0% - 1274 6597 - 10766 - 2952 376,056 . Frontiback
3 300 1500 03 930.0 6.470 8643 1,814 1,777,364 Roof
4 30.0 <1000 09 9200  1.082 C 6866 556 545230  Boltom
5 300 100.0 09 . M0 4493 6866 © 795 299749 Duciio AN
Total - . 3307318
Bilket th - SR YN
Emission keal/t-bittet | ' : v 26,867
This heat emission amount corresponds to 5 % of the input thermal
: _ value of the fuel. The upper wall tempc,raulrc of furnace bedy is
i) ' ' particularly hlgh

@-4 Reduction of fuel input in the prehea!ing zone

By installing a partition wall, 2 heat transfer at thc prehealmg zone
will be increased. Thus, the fuel input to the prehealmg zone is to be
decreased. This reduction of the preheating zone fuel lowers the

~ exhaust gas temperature at the furnace end to reduce the exhaust gas
loss. ' :

@-5 Propcr' mcthod to use, recuperator :

o Thc air ﬂow volume is excessive in order Lo protect the recuperator
** and the hot alr is blown out. Measuring the velocity and temperature
shows that this blown-oul amount is equivalent to 18,000 kcalit.

To feed cold air more than necessary Wwill reduce the preheating air
temperature and the calories used for combustion. In general, inan
altempt 1o protect recuperator, cold air will be mixed with the inlet
exhaust gas to control the temperature at the highest temperature
rone. Asa whole. this is helpful for reducing the blower power.

“The b!owmg -out ofprchcatcd airis baswally caused by high exhaust

gas tempcralure from the furnace. Therefore, i m order o avoid this,
‘to réduce the lemperature of the prehealmg zone is essential as
described before. '



@ Impravement of equipment Reduction target: 50 Mcalit

@-1 Introduction of fuel gas heat value control

From the standpoints of product yield, product quality improvement

and energy conservation, the fuct gas heat value should be controlled

at less than 350 keal/m,. If the fuel gas heat value becomes stable,

the fuel consumption to the reheating furnace will be remarkably
" reduced.

@-1 ¢ Air ratio automalic control including an oxygen contént meéter

With the same reason as given above, the automatic control of air
ratio including an oxygen content meter is necessary together with
the improvement of controliabilily of furnace temperature control
and furnace pressure control.

Hot charge rolling o Reduction target: 70 Mcalft

I'er-fiS{} and M-350 are 50 arranged at the productibn p?anniﬁg level a_s" o

- allow hot charging, the hot charging can be carried out soon after the
communication asrangement belween the rolling sections. We would like
" 1o recommend them to {ry. arou'nd 25 % of hot charging as a target after
'sludyihg the handling’ nielhod. even al as low temperaiure as 300 °C.

jThen hot charging ¢an be recommended alsa for M:300. If they build the

_production plan to well combine M- 300 wuh CC, lhey can sét up 50 % of 4 o

- “hot chargmg ratio as a largel

Thc action program will be to achieve 30 % of hol charging in the wholc
Tlines as the final target in an attempt to reduce the fuel intensity down to
350 Mca¥t. Mowever, in order to teduce it to 350 Mcalit, the holding

furnace to tentatively store the billets will be supposcdly necessary, because

those blooms produced by the continuous caster should be collected to a
cerlam lot.



® Improvement of yicld Improvement target: 3 %

Since the yield is an index to show the entire technical levet of rolling, the’
improvement of operation should be conducted so as to increase the current
level (estimated yield: 93 %) by 3 % at least.

Unless the analysis for the causes of reduced yield is made, no specific
suggestions can be given, but the following actions will be necessary.

+ To prevenl overhealing at reheating fumacc _ :

+  To extract billets at a consiant iemperature Ievel (constam rolling
“temperature)

»  To well manage the caliber

+  To reduce crop loss

«  To investigate the causes of miss rolling and countermeasures

+  To investigale the causes of rejected preducts and countermeasures

5) Summary of countern1ea$ures

Summary of energy conservallon measures at mllmg processes is gwen in
Table 1.36 :



Table 1.36 Summary of Energy Conservation Mcasures for Rolting Process

(Japanese Yen base)

Expected Saving
Total Jvest- Payback p
Fuel Electricit ment ¢commen-
ftem Energy e ey Million  peujion Period e
intensity Million . Miltion ¥y v Year
Mcath yealy % MWh'y yeny % ¥
improvement of production/ ~ 212 41,782 8123 240 - Bi23 Q 0
protess management . ) )
Review of the reheating furmace © 134 30,202 5134 15.1 - 5134 50 0.
opcralion method and the :
instaliation of a pantition wall ) ) .
Fuel gas calory control and 50 11,269 1916 . 5.7 - 191.6 -50 ¢3 o)
" automatic control of the
reheating furnace air
combustion ratio - _ .
Improvement of hot charge ratio 70 15,3137 263.2 79 - 268.2 T 02 o
Improvenient of yield 34 - 6,085 105 3 5948 59.5 13 1630 0 0 - 0O
Total $00 111,115 1,889.0 5517 5948 59.5 33} 19485 150 0.1 g‘
6.0¢! kRAL &
(Jran Rial base)
(= Trppee S : Total 'ﬁ‘.‘éﬂ. Pa)back
' Fuck Electrici : ment - Recemmen-
- rem Encigy Fue Electricity Million - Peri
. . — e Millien Sation
. mlenS"U’ F.oit © N.gas Ml!llon % Miviry Miltion Rialy . pij) Year
Mcabt  kLiy - 10°mby Rialy ¥ Riawy - ° S
Impm\:mcm of production/ - 212 41,781 44828 5514 240 - ] ‘5,5.14 0 0 o
_ process management IR - o
Revicw of the reheating fummace 134 30,202 28335 ~ 3485 153 - 3,485 875 0.3 o
operation method and the :
installation of a partition wall . _ ) : C
Fuel gas calory control and 500 11,269 10572 1,300 5.7 - 1,300 8715 0.7 Q
avtomatic control of the ' S
reheating furnice air
© combustion ratio . S ) S
Improvement of hot charge ratio 70 15,777 14802 1,82 79 - - 1821 : - 875 - 05 [®)
Improvement of yiekd 34 6085 5,709 702 0 31 5947 595 3y 5,297 B T 1 0
" Toral 500 1FF,115 104,246 12,622 557 5948 - 595 33 13470 2625 0 0 02 §
6.0%! ‘ : )

35

Remarks: The items not to be recommended are not included in the total column.
Saving ratio; Saving tatio for eneigy consumplion in the rolling process

{Fucl:

*1  Saviag ratio for the energy consumalion (Fucl;

Encigy price in Japan:
Fueld pricer .
. Electricity price:

1,815,146 Gealy, Electricily:

* 17,000 ye'kL
10 yearkWh

Encigy price on Iran Riat base;

Naturat gas (N.gas):
Efe;lnuly ‘

123 Riakim®,
100 Rial’kWh

‘Exchaage rate: 1,750 Rial » 1 US Dollar = lOOIapanese \’en
Calorific value of fuel; Oik: 19,000 keabkL, N. £3s (Natural gas): ' 9,593 kealim?, -

lavestment cost is based on that in Japan.

—_— 52_

180,420 MiWh/y)

16,780,222.6 Geally, Eléctricity:

169.672.1 Mhty)



f. . Energy facility and others
Table 1,37 shows the c0mp_arisdn between Esfahan and INSW, In this sector, there
is a big difference of 1,328 Mcal/t-steel. This may be caused by the differences in

the modernization progress and energy distribution loss.

Table 1.37 Comparison of Energy Infensity in Encrgy Plant, ctc,

Unit Esfahan - 'INSW Difference.
" CPP (Blast & power plant) Mcalit-steel 455 101 354
TPP (Thermal power plant) Mcalt-stee} 262 RS I LI 376
" Oxygen plant _ Mcal/t-steel 99 _ -17 o 116
Others _ ‘ - Mcal/t-steel 533 . 538 -5
" Energy distribuiion loss “Mcal/t-steel 620 133 - 487
Total Mcalit-steel 1969 - - 641 1,328

1) - Central power plant (CPP)
.. The measuvred v'a!ucs fot. CPP No. 3 Boiler ate given in Figﬁ_re 1 9.

Figure 1.9 Measured Data of CPP No. 3 Boiler

Stack .
C (/- IDF-inlet © . |Steam Designed:
CIDE \_ J O1=bi-44% - |T=4I6 =440
A Tete8-t72 | E=OS F=75
i S |p=as Pt
Air heater : - Boiler:
. ppa— _
(r=t65 ___} e
: - —¥ Hot air Fuels
Adr fan (FDF)
. | Al o NG F=800
' l Feed water : : _
1 |T=1%0 . . |pFG ¥ = 30000
F = 69, (norinal 75} R '
P=78 . S
- |cog F= 1950

" F;" Flow rate (m%h) IR . .
T: Temperature (°C) .
P: Pressure (kg/em? (G))

: Legénd:

Italic letter for contro} room reading
Block tetter for measured valuer

ﬁ__'53H



The measured oxygen content of 4.2 % in exhaust gas is equivalent to 1.4 of air
ratio, which is a litlle higher than Japanese standard 1.2 to 1.3 (equivalent to
~ oxygen content about 3 % in exhaust gas).

Table 1.38 gives the comparison between Esfahan and JINSW.

The surprising difference of 354 Mcal/t-steel arises because the steam condition
at Esfahan plant is as low as 40 kg/cm? (G) at 440 °C and because they use a
smali blast furnace blower of low efficiency centrifugal type.

The steam condition of the CPP at INSW is as high as 90 kg/em? (G) at 510 °C:
In order to obtain high energy efficiency, the back pressure turbine is used for
 generating clectricity. The outlet steam from the turbine is delivered to the
works as process steam. -

* Table 1.38 Energy Intcusity of CI'P

| “Unit Esfahan CINSW
Consumed Energy Fuel - keaill{\Vh_ 4,092 . 2,858 (i_nclzuding blast air)
| Blectricity  keallWh 244 (0.0994 KWIVKWH) 244 (0.0914 KWi/kWh)
*.Steam (HP)  keal/kWh 460 ' Csas |
Steam (LP)  keal/KWh 340 237
Aift N, - keal’kWh = )
" Sub-tofal - keabkWh - S35 3864 _
Generated Tinergy  Blectricity:  keal/kWh 1,153 (0.4706 kWkWh) 651 (0.2657 kWhrkWh)
Blast air kcallkWh 1,297 (7.418 wiykWh) 1,799 (7.822 n",/KWh)
Steam kcaVkWh - o 818 (1.169 kg/kWh)
Sub-total  keaVkWh 2451 3,268
Energy intensity kcal/kWh 2,685 596
Power output Blectricity 149,900 (80,207)
Blast air 168,611 (221,697) |
- Sub-total - 318,511 MWh (301,904 MWh)

. Encrgy inie:nsily:

. Mcal/t-stect

© 455 McalA-sieel

101 Mcal/t-steel

Note: Equivalent Wh of blast air

70.4 Wivm’y

' 93.88 Whin,

H_Sd__



® KEnergy conservation by operation improvement

We would like to recominend implementing the method given'in Guideline,
because the plant efficiency is expected to be improved by 1 to 3 %. T our
recommendation, if their air ratio is weH adjusted to Japanese standard, 0.5
% fuel saving can be attained in calculation.

‘After promoting energy conservation in the entire plant, they are expecled
" to suspend the operation of the electric generating turbine at CPP. Electric
power conservation will be described in ltemg.

_If their steam cordition is changed to the ratéd value of 40 kgfcm? (G) at

" 440 °C from currently measured conditions of 34.5 kg/cm? (G) at 416 °C,

"~ the tucbine efficiency (as condensmg turbme} will be improved by around
3%,

@ Modermnization of cq'uipment

I natural gas price is higher in the f ulure of lhelr boilers become dclermraled
they had better alternatively use the motor driven axial blowcr to snmuhancously
alhm rationalization as well as energy savmg '
Meanwhite, CPP is recdmmende{l 1o serve as the exclusive steam station

_ for the blast furnace blower. Qur secommendation is that the power
generation and the adjusting function of process steam should be exclusively

~ performed by TPP. : '

2) Thermal powcr piaiu (TPP)

F;g 1.10 shnws the’ measured dala of the bmlers and the operation data
recorded at (heir contro} room.



Figure 1,10 Measurcd Data of TPP Boilers

No.5 boiler (for No.6 boiler in pacenthesis):
Stack, T=103{94)

{0:+=3.0 - 3.5%) e
(/—-\‘ Steam Designed:
L) oi=18-20%  [7-s30(532) T=340
HiDF : F=195(207) £=220
| : P = 100(100) Po100
__JAdr heater y Boiter
) §— with
: ; econosmizer
T=68(52) | Hot air P
. ¥ T=270 " |Fuels
DF .
A N.G. ¥ = 9,600(10.700)
I Feed water . .
T'=205(210) BEG F = none {36,000)
| F = 196 (210} e ;
(P = 150 160) .
: COG F = 50,000(5.600)

- F: Flow rate (m’lh)'
T Tcmperalu’n; ¢O)
P: Pressure {kg:’cm‘ (G))

: Legend

Ttalic lewter for conlrol room readmg '

Block letter for mcasurcd values

The oxygen content in cxhausl gas is 1.}in terms of air ratio. Thns means that

they are being well operaled

For their mformallon Japan s Energy Consuvauon Law Speaﬁcs the air ratio
of boiler exhaust’ gas tobe 1.2to 1. 3.

The indicated exhaust gas temperatare at their control room was about 100 °C.
We are afraid this indication seems too low from averaged standard. It is -
necessary for them to check if ihe meaﬂured point of temperalure indicator is

\»ell localed or not.

Comp'arison wiih'JNSW is given in Table 1.39. The difference of 375 Mcal/t-
~ steel has been also generated in this plant Thls may be also caused by the :

exlcnl of modernized equipment.
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There are two functions in the energy seclor of the integrated sieel works. One
is to produce and supply necessary energy with high efficiency, and the other
‘is to make best use of the surplus energy {by-product gas, steam etc.} from the
works. Although TPP should satisfy both simultancousty, TPP doesn’t have
the second function. It may well be said that TPP is a kind of deficient power
plant. It should be soon renovated to burn BFG corresponding to 50 % of the
boiler load at feast.

Table 1.39 TPP Energy Intensity

~ Esfahan INSW
" Consumed Energy Fuel " keal/kWh 2871 2168
Bleciricity ~ keal/kWh 182 (0.0742 kKWh/kWh) 127 (0.0518 KWh/KWh)
Steam kealikWh 44 . 6
Air+ N, kealkWh 0 | I
| Sub-otal  kcaVkWh 3,103 S 2298
Generaled Encrgy Eleclsicity ; “keal/kWh 2,450 (L XWhXWh) - - 2,450 (1 kWW_kWh)
|  Steam - kealkWh 0 | B 132 '
- Hot water - ‘kcallkWh73 3 B R 0
Subtotal  kcalkWh - 2,453 s
 Eneigy intensity  kealkWh 650 284
| . © Mcalft-stee! .26’2. TR b E

Energy intensity

@ Improvement of operation and facilities

Qur diagnosis results _rév(_eal that the oxygen content in boiler exhaust gas
is low enough.  However, in order to maintain this level, it is advisable to
install oxygen meter and to persistently control the oxygen content in
exhaust gas with the meter. The volume of BFG to be burnt was 80,000
“ndyh from the designed point but 40,000 m*/h only is burnt. We would
like to recommend that the soonest improvement should be atade to burn
~the surplus BFG on the days when the rolling mills are not operating for
“maintenance. This action will be helpful to reduce the natural gas consamption.

@ Modesnization of facilities

Tn an altempt 1o concentrate such functions as absorbing the fluctuation of
by-product gas and steam on TPP, the more efficient power plant is
recommended to be additionally built. We propose that CPP boilers arc to
be suspended in the future and the blast furnace blower shoutd be driven by
electric motor.

Refer to the Guideline for the modernization plans.
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3} Oxygen plant

The comparison table of oxygen plants is shown on Table 1.40.

The efficiency difference between oxygen plants is 116 Mcal/t in terms of 1 ton
of crude steel. Japan's oxygen plants supply also nitrogen and compressed air.
Therefore, the consunied electricity kilowatts divided by the generated quantities
of oxygen gets the intensity of 0.75 to 0.78 kWh/m%;, However, after the
correction by deducting the consumed electricity for prodiicing nitrogen and
compressed air, the value for a recent plant wiil be 0.600 X\Wh/m’ or below.

Table 1.40 O, Plant Energy Consumption

Esfahan INSW _
Consumed encrgy  Eleciricity  keal/m®y, 1,823 (744 Whim?) 1,896 (774 WiVm?)

. . Sfeam kealfmd, 60 ' 29
Air + N, kealfm?, = - as

_ - Subtotal  kealim’, 1,883 1,959
© Generated enetgy Oxygcn (H) kealim?;, - 652 1,170
' Oxygen (L)  kcal/m’, ~ 755 382
Nitrogen ~ kealm’y - = - ._I68

Air kca_lhn’,,i | C - 279 |
Argon : _kfal!m’,,,. . _ - 43
Subtotal  keal/m’y 1,407 2,042
Encrg} iﬁtehsily .kc'awm’,., 475 83

~Energy intensity  Mealt ‘99 : -17

Note: Equivalent catorie ~Oxygen High pressure: 1,700 keal/ny,

" Low pressure: 1,225 keal/m?,

“Nitrogen

- Electricity

: 270 keal/m’
1 2,450 kcal/m’y

®. Improvenent on opération and facilities

- The power consumption of the air compressors of the oxygen plant takes -
about 28 % of the 1otal power consumption of the iron and steel works. -
Table 1.41 shows the specificalions of the air compressors.



Tabte 1.41 Specification of Air Compressor

Type Centrifugal type
Discharge pressure 5.5 kg/em? (G)
Suction pressure 0.84 kgicn?
Air volume 65,000 m*y/h
Motor outpt 9,000 KW Voltage 105 kv 4 units
R %3 %Y -2 units

There are six air compréssors, of which three (No. {; No.3 qhd No. 4) were
observed for power consumption. ‘Table 1.42 summarizes the results of
measurement. : '

Table 1.42 Measureinent Daia of Air Compressor (No. 1, No. 3 and No. 4)

: No. 1 No. 3 : No.4 . Meéan
Elcctric power (kW) 6215 5368 5356 - 5,646
Power factor L 09T o 50.858' - 0.848 -

" Utilization factor 1 0.69 060 060 063
- Discharge pressure {atg} = 533 . . .5.20 547 833
Airvolume (m¥h) 69,500 66,670 64,870 67,010

{in terms of m*yh) 50,450 (4B,350)  (47,090)  (48,640)

"Theorelical power S _ : ' 3,363
' 600

_ Efficiericy.{%] .

The theoretical power consumption of each air compressor was determined

by the equation below, assuming that the atmospheric pressure of Esfahan

is lo be equal to 627 mmHg (0.825 kg/cm?).

' L K-y
Lth:iﬁ‘_)_'i._‘ls_%. Py K,
K-1 6,120 [\ P

Lth: Required theoretical power (kW) _
‘'« : Number of intercoolérs

K : ratio of specific heat of air

P, Suction pressure (kg/m?)

P, : Pressure (kg/m?) - o
Qs : Volume of air at suction (m¥min)
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From the results, if the air compressors are operated with an efficiency of
about 60 % and the running efficiency of the motors is 90 %, then the
compressor themselves are operated with an bfﬁciency of about 67 %. On
the day of the survey, all the six oxygen plants were running but slightly
short of the oxygen demand of the iron and steel works, 50,000 m’/h.
Therefore, if the oxygen yield is 17 %, it may be safe to assume that the
consumption of feed air per plant was less than 49,029 m’/h. We believe
that the estimate of 48;640 m*/h in Table 1,42 is correct,

The energy int'cnsilj per | m’y of compressed air is 0.116 kWh/m’, and that
of oxygen is 0.683 kKWh/m’, Under Japanese atmospheric conditions, they
are cquivalent to 0.108 kWh/m?, and 0.634 KWh/m?, respectively.

The poor energy intensities are allributable to the fact that all the six air
compressors are operated. If only five of them are operated without
modifying the rate of oxygen gcnerauon lhey will be improved to the
following levels.

iElec_lirc. power intensity of air compressor: 0.116 - 0.102 kWh/m’g-Air
(0.095 kWh/m?,-Air af te_r'correcling for the a:lm(_)Sph_e;ic pressiee)

Electric power intensity of separator: 0.683 — 0.602 kWh/m’-0, -
(0.559 kWh/m’,-O, after correcting for the atmospheric pressure)

“Thus, the é!cclric power intensily can be teduced by about 10 % by
'operaung the air compressors at the des:gn point. Then, a5 %* of annual
- average power saving can be expec-’.cd :
* H {}80 Mthy (n 26) 604 Mthy 0, 05)
Itis rccommended that the mtenslly be regularly measured by referring to

the Guideline and that the specifications provided at the time of purchase
be maintained. :

‘Modernization of facilities
“The oxygen plant has to be operated with high efficiéncy machines in the

* future in terms of feed air compressors, oxygen compressors and separators.
Table 1.43 shows some of the data obtained as a result of the diagnosis.



Table 1.43 Operation Data of O, Plant

Result of the Study JINSW
Air velume A 48,640 miyh 144,006m*/h
Presumed oxygen generation B 8,269 m*/h 23,800 m/h
Electric¢ power for air compressor C 5,646 kWhih 10,401 XWh/h
Electric power intensity (C/A) 116 Whim?, Air 74.4 Whim’y, Air
Presumed electric power intensity (C/B) 0.683 kWh/m’,0, O._43? kWh/m?,0,
Suction air temperature . Assumed tobe 32 °C 20°C
~Information obtained at preliminary diagnosis .
_ Esfahan _ INSW
" Blectric power intensity for separator ' 0.680 kKWh/m’, 0, 10.500 kWh/m*,0,
" Electric power intensity for oxygen compressor  0.230 kWh/n’ O, 0.165 kWh/m*0,

©4) Other facilities

' Tabte 1.44 compares the other facilities with those at INSW.

~ While no significant difference is observed between them on a crude steel per
ton basis, the electric power intensity of the water facilities needs reduction.

The power consumption in the first purhp station selected for diagnesis was
observed. There are four return pamips (No. 12, No. 13, No. 14 and No. 15) in
- the first pump station, of which No. 13, and No. 14 :and No. 15 were operating

“during the observation. -

Table 1.45 sl_lows the specifications of the puinps.

‘Table 1.46 shows the measurement resuits.

._.6| —



Table 1.44 Energy Consumption of Others

unit: Meal/t-steel

Esfahan

JNSW

Consumed Eleetricity (water) 194 (79.1 kWh't} 76 (31.1 KWhit)
Encrgy Electricity {other) 15 (6.3 kWhit) 8% (36.2 kWhit)

Oiygen 19 [H)

Air + N, -~ 1

Steam 120 4

Fuel 46 33

“Air to production process 35 -

(Subtotal) (430} (213)

Heat difference 103 325

-~ Energy intensily Mcal/t-steel 533 538

Note:* Heat difference: Tablel.3, 1.7 and 1,10, 149 x 1,301,400 + 1,880,982 = 103

" “Table 1.45 Specification of Pump

"Head
- Flow rate
~ Motor output
Motor 'cff_iciéncy
Rolational speed

20m

4,100 m¥%h
320 kW

926 %

735 rpm

- Table 146 Measurement Data _of Pump

No, 13

No. 14 :

No. 15

VAvcrz.lg.c .

Electric power (kW)  © 2906 © 3015 316.3 302.8
Discharge pressuce (kg/em?) 2.5 2.35 2.3 2.38
Flow rate (m¥h) 3,250 3,090 2,300 2,880
Pump efficiency % 71 50 67

While the efficiency of the pumps shows some extent of deviation, the operation

. of No. 14 pump was meausured for flow rate by means of an ulirasonic

instrument. We may be siafcjm assuni¢ thal the nicasured values are lypicél for

the pumps.
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According to the oblained data, No. 15 and No. 14 pumps were operating

- poorly. They have to be serviced immediately to recover the original capacity
* {e.g., by replacing the impelier ring).

Since the pumps have an Ns (specific speed) value of about 640, they will
operale with an efficiency of about 85 % at the design point.

To reduce the electric and head power for the pump, flr:.lly, itis rccommcndcd

" to find out the correct demand and head for wateér, and to make the' number of

operating pumips and the specification match them. If they cannot be determined
first hand, reduce the supply rate gradually by 5 %, 10 %, 15 % and soon to
decide the minimum flow rate not to’ affect plant operaion and obtain an

* estimaled resistance curve.

‘Seeing the fact that the electric power conscrvation of the pumps should be

based on reduction of the demand for water, the water consumption of large
water consuining facilities have to be minimized. Once the minimal consumption -
rates are defined, the capacity of each of the pumps, the numbet of pumps to be

- operated and the method of controlling them have to be defined accordingly.

In other words, lhe‘pmln'ps have to be qpe;ated at their specificd pqin_t.

If the pumps are curremly opciating to supply excessive waler the mlpellers of
the pumps may be cut to reduce the power consumplion. . -

According 1o our observalions'. the lhrec pumps were supplying water at a rate
of 2,880 % 3 = 8,640 m*h but the discharge pressure was as high as 2.3 to 2.5
kg/em? (G). This may be probably because the discharge valves were slightly

“closed. Therefore, the demand may probably be met by operaling the two

pumps by restonng the specnﬁed values for the gap of the impeller rings of the

“pumps. If the discharge valves of lhe punps are fully open, it means that
“process requires high pressure that is as high as 2.3 to 2.5 kg/cm? (G) and the

cause of this has to be further looked into in order to reduce the pressure to the
normal level of 2.0 kgfem? {G).

The power consumpuon of the water facilities docs not secem to have any
ﬂuctuallons lhroughout the year because the yeatly average is close to the
average dunng our diagnos. Since water is used mosily as coolmg water, it
may be necessary to change the mode of operation of the facilities at léast in

‘sumnmer and in winter.



5) ‘Energy distribution loss

Table 1.47 shows a comparison with JNSW,

There is a clear difference between their values and the INSW values. The
following items require improvement, considering that no BFG and COG gas
hotders are provided.

Table 1.47 Energy Distribution Loss

Esfahan INSW "~ Remarks
Blectricity 13 Mcal/t-steel 19 Mcal/t-steel
0, 35 4
COG 79 64
BFG 494 5
Steam 0* 26 B
Others 0* 15 - LDG ete.
Total = 620 M(_‘allt—slecl L 133 Mcal/t-steel - - .

. The data could nol. be obtained. -

@ Improvement on operation

@-1

‘High fate of oxygen loss due 1o dispersion

Atight communication link has to be es!aﬁ_lished with the steelmaking

shop in order lo motivate them to unify the tap-to-tap time of the -

convcriers and seduce the cursent drspersmn level of 13.7% down to '

. aboul 6 %
“Nodataon :';lcam toss is available in their report on enérgy distribution.

The generated volume and the consumed volume of steam will not -

agree because steam is mcwlahly accompamed by condensing loss
and unmcasurable situations. The difference between them hastobe
checked on a mionthly basis and the metess and the uaps have to be

" serviced if any abnormahty is observed.



6)

@-2 Naturat Gas

Although natural gas is very clean, smatl melering errors may occut
and the metering differences between purchased and consumed volumes
should not be allocated (o the consumérs in a businesslike manner.
While the purchased volume may be currently corrected by the
responsible staflf members to compensate the differences of pressure
and temperature, the consumption of natural gas in steelmaking
shop is unusually high. Therefore, we recommend to check the
reters on the purchasing point. '

@ Modernization

~ We propose o install BEG 50,000 m? and COG 30,000 m’ gas holders
because of their advantages that beconie apparent particularly when the
price of naturat gas is higher. '

A high loss rate of by-product gas due to dispersion can discourage any
energy conservation efforts. In other words, energy co_nser:valion will beé
boosted by installing them under the political consideration.

Supply and demand of electric power
Tablel_l.ds shows the avera_gc power consumpiion- in 1994 and the average

power consumption obtained by us during the site surveys. will be seen thal
the loads of the oxygen plant, converters, and rolling mills fluctuate remarkably.

" In view of the fact that the load of the oxygen plant is particularly remarkable,

~ the blast furnace and the converters have to be operated on a stable basis in

- lorder to level off the peak load.

D

Summary of the recomniended measures

Table 1,49 summarizes the proposed energy comservation measures in the
encrgy facilities.
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Table 1.48 Electricity Balance

{Supply) 1994 year fune 23 - June 24 (24H)
JTEM total (MWh) average (Mw) tota} (kWh) average (M) MW differcace
CPP production 149,900 17.1 274,680 114 -3.7
TPP 757,981 86.5 2,439,000 1006 15.1
235 6,139 0.7 0 0.0 -0.7
Generation total 914019 104.3 2,713,680 113 9
Riz 77,409 8.8 334,015 e 5.1
Nasac 198,998 27 483,840 202
Purchase total 276,407 3.6 817,855 34
' Total 1,150,426 1339 3.531,535 147.1 s
{Consumption) 1994 year one 23 - June 24 (24H) )
“1TEM © total (MWh) average (MW) to1al (KWh) average (MW) MW diffeience
~Agglomeiation : ©100,514 1.5 308,544 129 1.4
Raw material stock 11,016 .3 29,685 1.2 0¢
Total of aglomeration N R Y 127 338,229 14.1 : 1.4 %
Coke oven plam C 37622 : 43 105,100 ) 44 0.4 .
Aspiration . 0 00 28128 12 R
$lag of blast fumace C o 38 o 1,278 0.1 0.0
Fumace No. ¥~ S 18323 2k 21497 : 09 . _ 1.2
Furnace No. 2 o ‘ - 20,639 24 o 45,000 . 1.9 -0.5
FYTIE _ oNs8e T U0 : 3.458 o Ton 00
Total of blast furnace 41,304 : 4T . 100,361 R .05
Casting e 20 114837 43 .28,
- Convener . L. 11623 89 213,792 . B X B . 0.0
‘Serap _ y 684 . o LB} 0.1 00
Scrap crashing - S Codd T 00 . 032 _ 00 - © 00
Production : ' - 8,369 _ o 23,354 SRR F I X
Conlinuous : ’ _ 6.120 o 0.7 : | 2B980 SR ¥ : a5
Total of éonverlor S 10877 0 0 ¥ 0 383834 - . 160. R X
Azar Co. (Lime calcining plant) : '_ 19,692 ¥ . 125,036 o 5.2 : 30
RoN300 SRR ¥ 1 7 A A T X 67 04
Roll 500 s 50363 187 : 98,152 i 40 To?
Roll 650 o 58029 - 64 . 100413 32 <22
Roll 350 - . 18,399 20 45822 1 .. =02
Total of toll - 180,628 . 2086 o 404,040 - 168 - . . 38
0, workshop 30,666 38 ©o48760 - ) B ]
0, 261,694 : 29.9 997,542 o 416 1.7
Compressor 42,215 : 48 - 80,388 33 «1.5
___To(al of OL\f;E)_f_kshop R - 334,575 8.2 1,123,690 : 4468 8.6
Abband dam 2,871 Ly 38272 14 03
Physical waler 4,957 o 06 15,109 06 N
Waler treatment b54 o 00 c T 242 ) 0o 00
Cyclic water 133,844 o 153 . 160,307 150 - . . -0.3
Toial of water : 148,828 176" 409,930 . N A T 5%
_ Total of mechanical engineering T 42,906 1S 35829 s 0.0
cPp S D aen - ‘36 S 78,240 B % T T 04
TP _ 56,231 © 64 172,840 72 ' - 08
Gas PP . L 76 ' 00 15 © 0.0 0.0
Chgmicallrealmém ) . : _ 764 WX} : 2,032 N 1 X | 00
Total of powes plant ‘ - 88,74) 0y 253,127 ' s 0.4
" Civil department | ' 24868 2B 76,538 3.2 0.4
Shahr Foolad Co. : . 32,796 3.7 62,210 2.6 -1
Takavar Co. 13,662 1.6 30,210 1.3 : 0.2
Others : _ 22,541 2.6 $3,231 25 09
Loss in distribution linc. 9,855 Ll ¢ - 00 -1
Tota! £,190,426 : 1359 1,531,535 147.1 113
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Table 1.49 Summary of Energy Conservation Measures in Energy Utilization Facilities

(Japanese Yen base)

*] 500 Mcalt-sleed -

$9 KWh't-skéel X 2.45 Mcal’kWh = 282 Meal t-steel,

#2117 % shows enegy saving ratio in energy utilization facilities.
#3  Saving ratio for the energy consumpdion (Fuek: 16,780,222.6 Gealy, Electricity: 169, 6?2 1 MW h'))
27.1 % shows energy saving ratio for purchased powes in the Works.

Energy price in Japan!
Fue! pﬁce: 17000 yen'kL
I:1ccmc-ty price: 10 yea'kWh
Encrgy price on Iran Rial base:
Naturat gas (N. ga‘:} §23 Rigtrm'y
Electeicity! 100 RiatkWh
Exchange sate: 1,750 Rizl = # US Dollar » 100 Fapanese Yea

Calorific valve of foel: O 9.000 keal’kL, N gas {Natural gasd: 9.593 beal ™y

[rvestment ¢ont is based o that in Japan.

Expected Saving
© Total s eat- Payback g
- Ll Flectricit nsent CCORENN-
fem _5":"&’3_: Foct Fecy Million  pripon Fd gutien
injensity Whion illion eny en e
Mealit Wy :I: fl;’ oMWY ;‘ :‘w;’ YEMF O yen Veur
CPP  Low O, combustion and 21 4,341 738 09 - 738 to 0.1 &}

enhaacement of the ’ )
vacuam degree of
the condenser ) . . )

Maodification ta an eleciric (2R)% (58,290) - (990.9) 7 - (118} - 17,434 {.500) (A5 Jathe
blower and increasicg future
the efficiency of the
biaxt furnace blowed

TTP Mull-purpose power
generating turking .

O, planl Air compressot 17 - 13,167 137 4.1 131.7 0 ¢ o]
{mproveineat of the
operation meihod . . L .

Tncreasing the efficiency 51 - {33,504 (3950} [y (3950 {2.500) {5.3) In the

of the ait compressor i . : futsre
Energy BFG, COG hotder (504 - {104,178y (177009 (2.8 - (L7710 (80D (0.5) " Inthe
future
Sopply Reduction of oxygea 15 - 11,236 s 35 mns 0 ] ¢
toss ' supply loss . ' :
Waster  Improvement of the 1”7 . B 13,080 130.8 4.1 308 o1 0.08 o
facitithes walet pump operation
method .
Total .70 434 738 09 ¢ 37533 3747 1y 4135 20 0.04
: 0.2+ AN :
- {Iran Rial base) _
Expecied Sanving - :
— - Total - Fvesks P.a)bxl(l .
: . : ‘ Stectricit o ment scomenn-
kem i‘::iiy Fuel . - Pleariclty ;{jl:ion  Millioa Petiod  garicn
, Oil N/gas " Mitlion Lo, Million daky e 0 Year -
Mealt - gy m‘gm‘,.zy Riaky . MBNY gy Rl T
CPP  Low O combustion sod A 4341 4073 501 09 - : 501 17s 03 &)
enbancement of she . : ’ : -
vacuam depree of
the condenses oL o ' ) '

Modification 10 an elecisic | {2821V (58,290} (34,687) (6,626 (IL®) - (6.626) {61,250} 3.2y, dadhe
blower and inireasing - : : e future
the efficiency of the
Blad furnace blowes

TIP © Mylti-purpose power
0 generating turbine
0,p ant Alr compressor ’ 1} - 13,167 1,347 44 LM7 0 [ 8]
Improvement of 1he
operation method S
Increasing the efficiency - €1} - - {39,501} (3,950) {12.3) (3,850 (43.750) G Inthe
of the air compressor . future
Encrgy BFG, COG holder C{504) (104,178){97,738) (12,022) 20N - {42,000 {14.000) {LL2) Inthe
. futere
Sopply Reduction of orygen (3] - 11,286 5129 35 119 4] 0 Q
loss  supply Yoss R : ) L
Waster lmprc-\cmv.m of the 37 . 13,080 133 4 1308 §75 01 Q
facililics  watef pumgp operation ’ : ) :
meihod - . . L : .
Tom 70 4331 4073 508 C 09 3758 754 . BT 4255 150 ol
0.2¥ SR : B
Remarks; 'm items ta be implemented in the future are oot included in the tital co!umn . ’ )
Saving ratio: Saving ratio for encrgy consumplioa in energy writization facilities {(Fuck 4. 503 066 Gcai Y, ':.lnc(n{!ly: R'ZO.ISG Mivh'y}



~h: Summary of the proposals
Tab_ié 1.50 summarily shows the proposals for power energy conservation,

“Table 1,50 Summary of Proposals

(Japanese Yen base)

Expecied Saving )
N Fuel — Electricity Tola fnvestment Payback
Process, Utilities _ — -~ Million  Million ' . Period
KLy }hllaon P Mwh?y Mnlllmn @ Cyenly yea Year
, . ety 7 Y yeny - -
Coke oven 25885 M00 kA - ‘4400 1,200 27
Sintering plant © 49,181 T 836 27 1M M0 42 901 630 0.7
‘Blast furnace B4.000 - 1,3280 46 - ©1,4280 510 0.4
Steel-making process 7RIS O L2940 - 39 15,424 154.2 9. T RING Q 0
Rolling process” - Hn 15 1,889.0 6.0 5,948 595 - 35 19485 . 150 0.1
Utitity facilities : : C 4,348 - 738 0.2 37,333 3747 221 - 4485 20 0.04 -
Total © 343247 58863 186 66,009 659.4. - 339 65457 2,510 0.4
(Iran Rial base) . _
Expicted Saving o
. o Foel - Ebectricity Tota Investmeal .P_ayback
Process, Utilities : - - — Miltion - Mittion Period
F.oil N.gﬂs Mition : ' Million & Rial/ Rial © U Year
Wy 1wy Raly  © 0 MWMY gy % y .
Coke oven 16160 IS,060 1866, 09 - - T 1ss6 . 35000 19
Sinteqing plant 49,181 46,139 5,675 27 LI04 70 42 . 5,675 10,500 1.6
Biast furmnace 24,000 78,807 9691 46 - o 9.694 8,925 0.9
Steel-making process ©TL2S 67,292 £276 ' 319 15424 1,542 o1 - 9818 0 0
Relling process FILIES 194246 12822 60 5948 595 JAs 13417 2,625 0.2
Unility facilities 4,34 4,073 50t 0.2 @ 37,533 3747 221 - 4255 350 0.1
- Total 33247 324847 39,956 186 66,009 6,594 CAB9. - 46550 . 43,400 09

Remarks: For the items to be improved in each process and utility, pleasc refer fo the lable mentioned above.

Investment cost is based on that in Japan.



	Cover
	Title Page
	Contents
	List of Tables
	List of Figures
	Ⅲ. Study of the Energy Utilization Status of Each Plant
	1. RESULTS OF THE STUDY ON THE IRON AND STEEL INDUSTRY
	1.1 Results of the Study at Esfahan Steel Company




