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1.

CHARACTERISTICS OF THE DOCUMENT

Governmental organs in charge of the promotion of enesgy conservation are expecied to lake a
leading position in proceeding with factosy energy diagnosis and training of factory engincers
which are necessaty for promotion of future energy conservation activities in the factories in LR.

Iran.

To proceed with these activities, il is necessary to prepare a guideline which will be useful to
engineers involved in the activities,

The document contained in this report describes the technical items which will be helpful in

working out the guideline, with particular atteation paid to the 'following: :

)

@

-3y

The document shall provide the descnpuon which is useful tothe engmeers of govcmmcnlal
organs in charge of the promotion of energy conservation as @ manual for: dtagnosuc
instruction, @ textbook fos the seminar, or @ data to delermme the progress of factory
rationaliZation or streamiining.

"The document shall be described in such a way that it can be uﬁdcr’stood by the engineers

four or five years after graduating from universities or colleges, even if lhey afe not

' curremly engaged in the rclcvam field of the mdustry

In order to cns'u re that l'he. range of the description items conforms to the curtent sitvation of -

‘the industry in 1.R.Iran, the description shall be resteicted 1o the items related to the process
‘in the factories under the current study, and shatl include basic items, numerical values for
reference, and the technique and cases for energy conservation,

It is expected that this dqcuﬁicnt will be used as a reference when the guideline is worked out by
governmental organs in charge of the promotion of energy conservation, and wilt be improved by
adding the information which will be collected through unique factory diagnosis.






2. FACTORY ENERGY DIAGNOSIS
METHOD






2. FACTORY ENERGY DIAGNOSIS METHOD
2.1  Factory Diagnostic Procedure
Figure 2.1 shows the general procedure for factory survey:

Figure 2,1 Flowchart of Factory Energy Diagnosis -

Preliminary
survey list

Interview -{ Obsérvation Slip Inspection

- Factory overview . Eqmpmgnt operation | Energy consumplion

'+ Energy control situation . Energy inlensity:"frahsition
» improvement hislory ' : -+ Record preparation status
? + Energy flow ' ‘ S
Problem pick-up :
¥ Diagngsls schedule _
* Taiking with the factory sidefconfitmation

[ E—

e . |On-sight survey Measurement | S
» Drawing inspection —I : . | Measurement poinis
+ Observation of operahon — ' : — Determination of

© situation . _ . Measurernenl iterns

* Taik with engineers .
S Judgement of measured results

Detormination of MBMes | Biscussion wi ;
lor Impm\.emenl _ Dlscusswn with the factory side

. » Heat baténce calcutation
P Ana%ya.ls of measured results’
E‘t .  Examination of impmvemenl pfans
) Engmeenng calcutation
« Forecast of elfects
« Examination from economical viewpoint

. Oraftingol
countemeasures




1)

Factory overview

It is nccessary to get correct information on the understanding and enthusiasm of the
management persons for cnergy conservation, the efforts made in the past and the points
considered as problems by the factory.

a.

~ Factory overview (factory name, type of induslry, capital, number of employees,

organization, history, share and position in the industry)

~Frend of the production voluine of major products for the last five yéars

Trend of the encrgy consumption for the tast five years
Production process chart of major products

Type, capacily and _operaling conditions of energy consuming equipment such as é:%

“boilers

Energy flow

Eleciric power one line diagram and power receiving equipment

- Factory Iaybul_ B

Items which the factory co'ns_idérs‘ as problems and wishes 1o be studied
Items for energy consesvation actions taken in the past -

Items for energy consesvation actions to be lakén in future

Eeonomic environment for the mduslry and the faclory, and the factors mhlbmng : g&%

the promotion of energy conservation measures



(2)  Working out the diagnostic program
a. General observation of the factory should be conducted whil;e listening to the
explanation of the factory persons, and the outline of the foliqwing points shouid
* be grasped by checking the preliminary questionnaire, energy consumption and
production record:
'+ Problems of the equipment and operation
+ Points which should take priority in diagnosis
» Technical level of the factosy |
+ Deterioration a’nd maintenan:ce'_of the equipment
+ Trend of utilization rates
: Energy unil_'consumptio'n ralé and its transition
b. Dele'mi'inir.lg; the diagn'oslic p'rog.r.ar_n
. Eéuibment 6r' ;)r;ceéses \;*hiéh,si;duld lafcé diagnoslic 'prio.rily
+ Measusing poiﬁt. meésuring items and measuring lin;e 3
i . Shé.rin'g :lhe._*.'}mk.s | |

c: + Explaining the diagnostic p_r'og'rarh to the factory to get understanding and
. ¢ooperation about the following items: S

. A‘djus!mént with the production ﬁro'gram
~« Preparing the holes for installation of measuring sensors or taking samples

. Prebaraﬁon of poWer supply -

- (3) - Measurement and study to be implemented according to the diagnostic program

+ Selection and artangement of the measuring equipment
~ v Entering the set conditions in the measuring equipment

-« Monitoring to sce if the adequate data have been gained or not



2.2

W

(5}

« Detailed structure and dimensions of the equipment according to equipment drawings
or aclual measurement

» Determining the problems by observation of the operation
» Hearing from engineers

« Data requii'ed 1o evaluate the economic effect of the improvement plan
{Study of the energy price, fund and cost)

When the measurements have been obtained, items should be described in the report to

- propose improvement measures after the analysis, be picked up and be explamcd to the

factory people te confirm such items.
Study of improvement proposal

Based on the data entered in the check list, measurement record charl, data floppy, and
drawings, heal mamgemenl as well as electric management mcludmg calculation of heat
balance, heat transfer and fluid conveyance power should be analyzed, and study should
be made to séek ways for energy conservation by maodification or addition of the

- equipment, thereby working out the plan best suited to the current situation of the factory.

On the basis of this plan, the approximate cost and expected effect required fi‘)_r_ improvement
should be calculated, and economic evaluation of various improvement proposals should
be made according to 1he wmmon mdlces or techniques, thereby determining feambnhly

- and priority.

A study should be made of the lmpacl accompanymg lhesc |mprovcmenl measures,

5

showing the points to be noled for :mplememauon

' Poihts to bé Noted for Dia"gnos_is' Lo

In Japan, the Minislry of International Trade and Industry (MITI) provides the items to be

standard for judgment when the factory manager of the factory plans rallonahzauon in the use

of energy wuhm the technlcal!y and economlcally feasible range.

Accordmg o lhss provnsmn lhe energy conservation lechmque is classified into seven calegones '

as given below, showmg thc conformance criteria and target level for major items:

.

IIL
V.

V1.

VIL

Rauonahzatton of fue! combusuon
Rationalization of heating, cooling and heat 1ransfer

‘Prevention of heat loss due to heat radiation and transfer
‘Waste heat recovery and reuse

Rationalization in conversion of heat into power
Prevention of electric heat loss due (o resistances
Rationalization in conversion of electricity into power

__6__



Thus, these ilems provide a guideline for diagnosis of energy conservation. ‘The following gives
the confirmation criteria in the Japanese standards by way of reference.

The following also introduce examples of rationalization and improvement measures for each
iten:

I.  Rationalization of fucl combustion

“Fable 2.1 ' Standard Air Ratio for Boilers

o " Blast furnace
Solid fuel oo

oL l.oéd Lo : : gaS and
Classification : _ ‘ Liquid fuel Gas fuel .
factor (%) - - __ S _ A other by-
Fixed bed ~ Fluidized bed R
_ product gases
Large-sized boiler S : _ : .
: 15100 = - 10512  1.05-1.1 1.2
for ¢clectric utitittes _ : : : .
- Other boilers ‘ ' _ .
Jouhormore - 50100 - 13-14S . R2-145  L1-125 LE-120  12-13
10 t0 30 ¥h S0.100  13-145 © 12-145  12-13° 12-13 -
50 10 vh Cse-te - - a3 13 -
< $0Vh Cso.te0 - = w3 3 -
Table 2.2 Target Air Ratios for Boilers
o . Blast furnace
_ . -+ Solid fuel R o S
L Load i o o -~ gas and
Classification - : : _ Liguid fuel ©  Gas fucl :
N factor (%) - o _ other by-
S Fixed bed ~ Fluidized bed : : - .
S : o product gases
 Large-sized boiler | - -
arge-sizec BOTEL - 95.. 100 - - J0S-1.1  1.05-L1 L1512
for ¢lectric utilitics _ _ o
" Other boilers
10 Uhormore 50100 12-13  12-125  1OS-115° 1OS- 115 12-13
Bw30vn - 50-100 . 12-13  12-125- L2 125 12:1.25 -
Sl0Uh . 50100 - -0 h2-830 420135 -

clovh 50100 S L 2e13 n2iias o -



" Table 2.3 Standard Air Ratio of Industrial Furnaces
(Except for solid fuel furnace or the furnace of betow 500 Mcal/h)

Classification

Continuous type

Intermittent type

Metal melting furnace for casting 1.30 1.40
Continuous billet heating furnace 125 _
"Other metal heating furnace 1.25 1.35
Metal heat treating furnace C 128 1.3
Petroleum heating furnace 1.25
- Thermal cracking furnace and reforming furnace 1,25
Cement kiln ' 130
“Lime kiln : 1.30 1.35
Drying ovén (only the burner section) 1.30 1.50
Table 2.4 Target Air Ratio for Industrial Furnaces ‘ o (f‘_‘ :

©(Except for solid fuel furnace or the furnace of below 500 Mcal/h)

Classiftcation

Continuous type

Intermittent type

Metal melting furnace for caslirig-

Continuous billet heating furnace

Other metal heating fusnace

- Metal heat treating furnace .

'Petrole_ur_n heating furnace .
Thci-mal cracking furnace and reforming furnace
Cement kiln ' :

- Lime kiln

1.2
1.2
1.2
1.2

1.25
1.25
1.25
1.25

13

1.3
13
13
s
1.5

Drying oven (only the burner section)

.‘ I-1- Se!cctio‘n of Burnefs

“1-2 . Improvement in atomization

1-3 - Prevention of air entry

Type, capacity, turmdowa ratio

Maintenance, tip worn

Fuel temperature, viscosity

- Volume of atomizing air and
" steam '

- . Fuel pressure

Dispersion reagent, emulsion -

Furnace pressure control,

. - Narrowing of the aperture, master/ -

slave door, seal improvement,
Reduced opening time



IL.

1-4

-5

Fuel-air ratio control improvement

Load stability, distribution of small-sized
boilers, and control of the number of

units

16

1-7

11-1

CU-1-b

NIRES

113

4

I-1-5

1I-1-6

17

1-1-8

Combustion lemperature rise

‘Complete combustion at a low temperatuse

Heating by industrial furnace
Optimization of heating temperalure

Heat pattern imiprovement

Load eptimization

Matesial loading method improvement
Furnace shape improvement

“Reduciion in calorific heat of furnace
body and transfer tool

Flamé emissivily improvement

'Direct heating

Q, control, CO fonlroi,

" Cascade control,

Cross limit control
Load distribution improvement
and control of the number of

units, Steam accumulator

Combustion by oxygen

‘enrichment,
‘Gas atomization,

Conbustion By catalyst
Fluidized bed combustion

‘Rattonalization of heating, cooling and heat transfer

"Selting' the work standards,

-Temperature distribution,

temperature tise spéed,

~ In-furnace gas flow

Fumace floor load,

‘Load distribution to more than
© lwo equipment,

Load leveling

Reduced weight

Improvement by modification into
- - direct heating furnace,

Submezged combustion,

' Direct resistance heating =
- Far infrared healing, !

Microwave heating, .
Induction heating
Dielectric heating



II-2  Heating by steam
11-2-1 Qptimization of steam pressure
I1-2-2  Air purging

H-2-3  Direct stcam blow-in method
improvement

"11-3  Heat transfer

1I-3-1  Reduction in résistance for heat transfer

"1-3-2 - Improvement of lieat transfer coefficient.

“18-3-3  Heat excharige system

1{-3-4 Heat exchanger

T4 Operalion

Il-4-1 ~ Optimization of start and stop time

Prevention of scale, studge and
frost from grewing on heat
transfer surface,

Boiler water qualily control,

- chemicals supply, b!owmg

optimization,

" Removing condensed I“:lm
 defrosting,

Cleaning, soot blowing, filler

: clcanmg

Air flow rate increase, heating by -
jet flow, high-speed burner,

' - Fluidized heat transfer,
- Atomized mist cooling

- Optimization,
) Increase in unil numbcrs

Use of matenal wnth hngh heat

 conduclivity

Heat transfer tube shape
Heat transfer tube arrangement

' Bxpanded heat transfer sur[ace ‘

fin plate,
Buffer plate, turbulence
accelerator .

Use of rémained pressure of boiler



1-4-2

It-5

1-5-1

11-5-2

153

1I-5-4

: 'E\l-:5-5 .

11-5-6

1157

Reduction in toad

‘Process

[mprovement of control method
Introduction of automated system

Cascade use of heat

Change of separation method

Lé)fpul 'changé‘ |

Mitigation of reaction condilions

Change of product standards

Air conditioning emperature, rate
of air circulation optimization,
Use of poteritial heat in the
preceding process,

Reduclion in process wait lime
Reduction in empty furnace time,
ot concentration
Optimization of distillation
column reflux ratio, selection of

~feed/exiraction tray

Reduction of margin- .

‘Mulli effect ¢évaporater, steam re-
‘compression _
" Increase in the number of
* distillation tower trays
" Plant integration : _
_ Pooling of energy among plants

Mechanical separation.

. Separation by membrane
- Adsotplion S

* . Extraction and super-citical
“extrac-tion

Reduction in transport distance
Avoiding the complicated
transposts

Reduction in idle operation time

by reduced transport distance

Catalyst improvement

Chemicals improvement .
Bio reactor

‘Avoiding the excessively high

quality product _
Materials requiring no heat
treatment in the next process



11-5-8 ‘Change of malerials ‘Recycling

.59 Scale up ' Reduction of operating time by
increased electric power

11-5-10 Iatroduction of continuous operation
- 1E-5-11 Introduction of higher speed
11-5-12 Omission of some processes " Hot charging

- 1-5-13 Use of highly efficient equipment

I, Prevention of heal loss due to heat radiation and transfer

Table 2.5 Standard Temperatures ofFurnace QOuter Walls
- {except for the rolar'y_ furnace and the furnace with the capacity
of 500 McaV/h or less, outer air temperature 20 °C)

Temperajure outside the furnace wall (°C)

" Hcarth contacting

S h . o i : . i :
Tcmper_alurc inside the furnace { ) (F:m ing . ~ Side wall with the outer air
1300 °Cormore . 00 0 180
1,100 *C or more but less than 1,300 'C To1s _ 'l_l{) . 145
900 *C or more but less than 1,100 °C mo 95 S 120

Less than 900 °C. - . 7 %0 80 100

Table 2.6 Target Temperatures o!‘ Furnace Outer Walls .
‘ (excepl for the rotary furnace and the furnace with the capaculy
of 500 Mcal/h or less, outer air temperature 20 °C)

- Targel temperature of furnace outer wall (*C)

* Hearth contacting

Temp.cfat.ure mfsrde lhc .fern.ac.e. ( <) | : | Celilmg . 5\“;l:(lt’.,_\af_al_l with the outer air
1,300 "Cormore = | o o e 160
1,100 "C or more but less than 1, 300°C - o _ 100 135
© 900 °C of more but less than 1, 100°c B 100 _ 90 o 10

Less than 900 °C - 180 1) %0




III-1° Prevention of leakage

1i1-2  Reduction in heat release area

"HI-3  Heat insulation

" II4 Prévention of gas flowing inta o the furnace

and radtauon loss

1I-S  Optimization of boiler blow volume .

_-’3_

- - Inspection, repair at earlier stage,

Selection and maintenance of
stcam trap |
Improved seal for the rotary
section and joint

Improvement of piping route
Removal of unnecessary piping

Closing of the master valve for

unnecessary piping and puthng

~ blind plalc

Improved heat insulation for

flange and valve,

Use of heat insulation material
with low heat conductivity

_Reducéd thermal emissivity of the

cover :
Installation of covers or lid

Maintenance of heat insulations
Reduced weight of heat insulation -

*‘material for batch furnace

(Specific bulk weight should be

. Iess than i 3)

Reduced aperture siie, c::losi.ng,
instattation of lhc door
Reduced door open/close time



. 1¥.  Wasle heat recovery and reuse

Table 2.7 Standard Exhaust Gas Temperatures for Boilers (unit: °C)
(Load factor: 100% at the outer temperature of 20 °C)

Blast furnace

. Vid fuel
Classification - Solid fue L : : ' gas and other
. . Liquid fuel Gas fuel
of evaporation , . o by-product
Fixed bed Fluidized bed
' gases
Large-sized boiler ; :
argo-sted o el - - 145 110 200
 for electric utilitics o
Olh_er boilers .
30 vh or more 200 200 200 1170 200
" 10 to 30 vh 250 200 200 170 -
510 10 Uh - - 220 200 -
<10 Uh - - . 250 220 -

,'I"ablc. 28 Target Exhaust VGas Temperatures for Boiters (unit: °C)

_“(Load factor: - 100% at the outer temperature of 20 °C)

- Blast furnace

' S lid fuel : . g
Classification Solid .ue. : .. : L gas and other
) , o - . - Liquid fuel Gas fuel . -
of evaporation @ ° - o R S : _ . by-product ..
P Fixed bed Fluidizeéd bed ) .
, R S - gases
Large-sized boit o .
 Large-sized botier - - 185 110 190
for electric utilities T _
Other boilers _
30 th or more 180 170 160 150 190
10 to 30 vh 180 170 160 150 -
51010 th - 300 200 - 180 -
<10 vh 320 220 200 -




Table 2.9 Standard Waste Heat Recovery Ratio for Industrial Furnaces

. : : Waste heal recovery rale (%)
Gas temperatute at furnace outlet (*C)

= 20 Gealth 5-20 Geal/h 1 - 5 Gealh
< 600 25 25 -
600 - 800 as - 30 - 25
800 - 900 _ 40 30 : 75
"> 900 45 : - 35 ' © 30

' Table 2.10 Target Waste Heat Recovery Ratio of Industrial Furnaces

_ o : ‘Waste heal recovery rate (%)
Gas temperature at furhiace outlet (*C) - ‘ , _
: : : > 20 Gealrh ; 5-20 Geallh - b -5 Geal/h

<600 3% 30 - -
600 -800 _ 35 S 30 s
800 - 900 - 4o . 5 30

>900 , 50 40 . 35
IV-1 Waste energy - _ o : * Exhaust gas, exhaust air

' - : ' Wasle water, waste liquid -
“Condens ate _ '

High-temperature solids (red hot
© cokes) ' .

Mechanical energy (water head)
- Wasle pressure (blast furnace,
L., . finid coker) '
: : By-product gas (steel converter}
Coldnees (litluefied natural gas)
Natural energy (solar light, heat
and ouler air temperature)



IV-2 Purpose of use Heatlng of matesiat and raw

materials

Preheating of combustion air or
feed air

Preheating the boiler feed water
Preheating the fuel {oil)

Steam generation

Power generation, electric power
genefatton

Air conditioning
“District heat su'pply
Refrigeration

Fish culture

Healing of green house

Snow melling

IV-3 Means ' Heat exchanger and fluidized bed
: S Heat pipe ‘ o
Heat pump
© Use of heat medinm:
Waste heat boiler
Reduced pressure type recovery
boiler ' C
_ Turbine (organi¢ solvent and
v . steam) -
- - Total enthalpy heat exchanger.
Regenerative burner '

V. ' Rationalization in conversion of heat into power

V-1 ! Improvement of energy cfficiency - Improvement of steam conditions
e o : Combined system ‘
Cogencration
Power recovery of steam pressure’
reduction ' :




L

V-2 Rationalizatton in power plant . Improvement of turbine and
: nozzie shape

Condenser vacuum caniral
(cleaning, water temperature and
leakage)
Power plant operation
Variable pressure operation
Control of the number of auxitiary
equipment, speed control
Optimization of back and
‘extraction pressure .

 Peak shift (use of electric power

" during mid-night hours and on
holidays, heat slorage)

V-3  Direct power generation ' Fuel cell

V-4  Engine efficiency improvement

V-5  Rationalization of steain ejector " Optimization of the numbers of
‘ ‘ steps and steam pressure

Conversion to vacuum pump

Prevention of eleciric heat loss due to resistances

VI Power lréhsmission
VI-1-1- lnc_rease' in vollage
VL2 _Reduction in temperature

 VI-13 ‘Conversion into DC power |

VI-2 Wiring

L V21 ‘Minimizing the wiring length Power receiving substation equip-

. ment
Sub-station system, load
arrangement improvement,
' Wiring route inprovement

VI-2-2 Wiring system improvement

- Vi-2-3  Selection of wire diameters

Vi-2-4 Balancing loads belween 3'-phasc



VIL.

V1-3  Transformer
VI-3-1 Optimum capacity

VI-3-2 Load distribution, contrel of the
number of operating units

V1-3.-3 - Wire connéction method

VI-3-4 - Disconhnected when not in use

"VI-4  Electric equipment

VIS Power factor improvement

VI-6 Operation |

VI-6- I Maximum power control

VI-6-2 O_ptimizalion"of cireuit voltage

Reduced contact resistance

Installation of phase advance

© capaci-tor, load interlocking ON/

OFF
Optimization of load factor of
equipment

Use of synchronous generator -

Load leveling

_ D_emand control

Vi-7  Use of the equipment with minimum loss '_ Superconductivity

VII-1 Motor

VIiI-2 Power transmission

+ VIE3 Operation @

__I8.._

Rationalization in conversion of electricity into power

" Use of highly effici_ent,mqtor
“Optinunm capacily :

Transmission device

~improvement,

Lubrication control,

‘Belt (material and relaxation
‘adjustment)

" Prevention of idle operation, inter- :
‘mittent operation, '

Maintenance of optimum voltage,
Intermittent charge for electric

‘precipitator



VII-4 Fluid transport Reduction in flow rate (leakage
: ptevention)

V1i-4-1 Load reduction : Reduction in pipe resistance
(rationalization of pipe route and
cleaning)

Reduction in suction temperature
Change of transport method

" Highly efficient equipment,
impeller, variable blade.

VI1-4-2 Optimization of equipment capacity Impeller cut
VII-4-3 * Control " Speed control (VVVF, 'clﬁ_:ch,
: pole change}

~ Control of the number of units
VII-5 Energy recovery o  Regeneralive braking
~ VII-6 Electric heating

VH-6-1 Load reduction . . ' - Hot charge

: ' ' : ' " Purnace loading method, power
input method improvement
Reduction ih contact resistance

VH-6-2 Highly efficient equipment - ngher efflcxcncy ofl requency
' ' " converler.
Direct healmg (dlrcct electric
conduclion; induction heating,
- dietectric heating, microwave
heating, plasma heating)

'VII-6-3 Comparison with combustion heating



VII-7 - Air conditioning

VII-7-1 Load reduction

VIE7-2 Ventilation

ViI-7-3 Improved control

" VII-7-4 | Operation control

V-8 {llumination
VH-8-1 Optimum illuminance
Vii-8-2 Interior

V11-8-3 Improved equipment Ia).fout"

VIL-8-4 Use of sun light -

VI11-8-5 Turning off the unnccessary Jights

.4204_

Building shape, structure,
direction, surroundings,
Prevention of outer air from
entering (automatically operated
door, curfain)

Optimization of volume and
frequency of air circulation
Heat insulation

Separation of heat generating
bodies, isolation of illumination
heat sources,

Local air conditioning,

Zoning {change of air
conditioning requirements
according to the location)
Room heating by far infrared

- radiation

- Filter cleaning,

Reduced duct resistance
Fan speed control

- Increased size of humidifier

nozzle

¢

- Return water temperature contsol

Water quality control for cooling
 tower .

_Clleaning of heat exchanger

~Wall color




VII-8-6 lllumination control

VIE-8-7 Fixtures cleaning

VI-8-8 Lamp replacemeat at proper intervals

© V11-8-9 " Use of highly efficient equipment

VILY Electrolysis

VII-9-1 Reduced contact resistance

VII-9-2 Reduced voltage

VII-9-3 Operating condition control

Lamp, Stabilizer _émd
High-frequency lighting up

- Reduction of overvoliage

Improvement of electrodes

- Bath temperature, concentration,

distance between electrodes -
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ENERGY MANAGEMENT

In order to achicve higher efficiency and level in energy consumption as well as productivity and
qualily, the first requirement is to use the appropriate and well-maintained equipment according to
the purpose and to handle them properly. The most effective way for energy conservation is to
reduce the number of the equipment troubles and to ensure higher product yields.

‘The second requirement is to consider if there is any room for improvement in the current
equipment and operation method, and to make constant efforts (o reach a hlgher level lhrough _

repeated studies and factory experiments.

To achieve this, the management people of the factory and the engineers as well as all the operators

~working in the first fronl of the site are requiréd lo make an concerted effort. 1t is not too much

to say that the success of the campaign depends on the willingness of all the employees of the
company, and the factory management to encourage the witlingness of these employees is the key
to the success. Energy management can be defined-as “an organized efforl to achieve energy
conservation”. T . o :

Defining the Management Policy

" Because of deeper recognilion’of the energy situation and requirements for improveéd factory
profit, the factory management and supervising people have come to be gréatly interested in
encrgy conservation isswes. In order (o start the energy conservation activily as a campaign -
involving all the members of the factory, it is necessary to demonstrate 4 strong determination
of the top- management to achieve the goal as'a company policy. [t is essential to show a
quanmanve targel in terms of percentage of energy (o be reduced for each ton of product, and
the deadline by which this target must be achieved, as well as such restrictive’ items as the upper

- limit of the annual investment and the investment recovesy period. When the top management

.. " has defined a direction in which the factory is moving forward, the employees can be convinced

" that they are working in the direction desired by the top management of the cbmpany Since all
- the factory members are makmg efforts in: the same direction, coopcrauon among thém will
become very smooth. »

‘The target of the management is shown as an overall goal, so each division in the factory should
set up concrete, detailed targets regarding the itemns for which it can take actions within the
scope of their responsibilily o achieve the goal set up by the Iop management, and should make
effoits to reach’such targets, Since such targets are given in a familiar form which is easiiy
' underslandable Ihey will be effectively ccnveyed to every member of the factory to get pesitive
cooperation, :

When the targets broken down for each division are to be set up, they will be studied in the
committee (discussed later) to see if such individual tairgels reet the overall goal or not.: Itis
also imporiant (o bring up rivairy in a good sense in the factory so that each division should set
up higher level to make further efforts in challenging it '

—23—
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Setling up the Organization to Promote the Energy Conscrvation Campaign

In the campaign such as cnergy conservation campaign where a great number of people
pertaining to different classes join, it is necessary to appoint some persons who will take care of
the overall progress of the activities. In the case of a small-sized factory, individuals may take
up this responsibility. However, in the case of a large-sized factory, a special-purpose s¢ction
may be organized for this purpose.

In any case, this section, as staff members of the plant manager, is required (o pay altention to

~ the progress of energy consesvation campaign. If there is any delay in the progress, it shoutd
- check the causes for siuch delay and should make efforts to remove such causes.

" To be concrete, the duties of this section comprises having a correct information on the energy

consumption situation, coniparison’ with the original schedule, collection and checking of
improvement proposals, distribution of improvement budgets, progress control of the improvement
works, evaluation of the results, working oul of the education and training program, and
preparation for lhc meeting of the commiltee. :

The comnnllee is effective in ensuring a smooth communication and deep understanding among
- various divisions such as producuon sales, material purchase, equipment maintenance, accounting
- 50 that the efl‘ectwe actions wilt be taken, In this meeting, impact of the energy conservation

measures upon each division should be discussed, and it should be confirmed that energy

) consefvation measures do not adversely affccl the profits of lhe entire faclory.

The comnnuee should be headed by the factory manager having authomy and responsibility for

. production, or a person having an equivalent authority and respons:blllly Othenwse, lhe

meelmg will cnd up delermmmg nolhmg and unplcmenung nothing.

No matter how exce'llent an idea for the enetgy conservation counlermeaSures'are' based on, it
will ot lead 1o good results, unless the operators havé a decp understanding of the meaning and

‘put it into practical use in the daily. works. In some cases, |he QC circle (a small circle for -

aclivities) is effecuvcly used for energy consérvation with good results,” The QC circle is to
improve the human relations at the job site and to provide a joy of positive works by making use
of the posilive willingness which is essentially built in humans. Until workers recognize that the

QC activities are useful and necessary for each of them, however, it is necessary to take some
_rieans as education or incentives which will facilitate promotion of the activities. I should be

noted that the workers in the front ling are always in contact with the energy-consuming

- equipment, and are in a pasilion to feel'mbsl sensilively ihe'phenomena which may occur
" according to changes of operating conditions. It will be very effective if it is possible to use
: mformallon of these people and 1o pick wp lmprovcment actions from them.
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Scientific and Organized Activities

To go ahead with the energy conservation campaign, it is essential to have correct information
on the energy consumption. It will be impossible to work out an effective strategy if there is no
data showing the change of the unit consumption rate to production volume, and the differences
according 1o the equipment, product types and materia! types. It is not too much to say that the
factory data contains a huge amount of suggestions for improvement. If the data area checked
with awareness to solve problems, it is possible to find out ways for improvement. Install
measuring instruments at the required positions, and trecord readings. Analyze the information
on a periodic basis, and try to find out mcaning in the information. In this case, the data should
be processed in a statistical method, and be careful to detect significant differences.

When the improvement program is implemented, be sure to follow up the results. Efforts should
be made to improve the work quality according to PDCA circle advocated by Dr. Deming. As
shown in Figure 3.1, the PDCA circle comprises the following processes; to determine a method
cegarding an improvement item (PLAN), to train oneself in that method and to put it into
practice (DO), to confirm the resull (CHECK), and to evaluate the result and to standardize it if
satisfactory, and to take corrective actions if not satisfactory (ACTION). If the goal in one step
has been achieved, PDCA efforts will be made to achicve the goal in the next step. This method
is useful in improving the work qualily in every aspect including energy_censervaﬁon activities.

Figurc3_L1 PDCA Circle

In lhe first stage of selection’ of the theme in the Pl AN phasc, lhe items which should be

improved can be easily found aul. The improvement proposal systém must by eft‘eclwely used.
Proposals may be gwen by any of the individual “orkers, QC mrcles or staff members. The

'proposals should not bc lefl unchecked. lmmedialely they must be broughl to the meeling of the
commitlee for review. Advice may be given to some proposals or may be partially modificd; in
this way, they should be taken up for lmplemenlatmn if possible. Some award should be given
10 'the proposa!s It is important to give official commcndauon to the pr0posal which has been

adopted with excel!ent results, lhereby encouraging the employees Lo take greater interest in the



34

energy conservation campaign. For proposals which could not be adopted, it is necessary (o
explain the reason and to lead lhcm for betler proposal.

In the DO phase, it is necessary to explain the purpose of the improvement and concept of
improvement program (o all the factory people and to call for their cooperation te achieve the
goal. Lead them so that they will report even minor abnormalities, and fine adjuslmunt can be

- made smoothly in order to ensure successful activities.

" The results should be checkcd on a periodic basis and reposted to the commiltee or superiors, as

wetl as (0 the workers in order to encourage theni to take greater interest in the activities, In this
case, itis important to define the cntcna from the bcgmmng, which shou?d not be changed easnly

on lhe way.

" In the ACTION phase, if ihe excellem rcsults can be cxpccled by exéecuting lhe lmprovement

plan. it should be incorporated in work standards to make sure. The required measutes should
also be taken for the equipment. This procedure is intended not to give much load to the operalor

"in the normal opera!or and is essential to ensure continued improvenient acuwlles

Q. lf the considerable results (}an be obla_ined on a continued basis, the pro'ce_.s.s sl_iould be dc_s_cribed

and should be nade public to serve as a good example for other groups. ' At the same time,
official commendation should be gwen to the relaled persons, lhereby encouraging their further
effotts. : -

Pr.oviding Education and Information

Even if the employees are willing to édopcrate. the improvement program cannot be implemented
smoothly without information on how to solve the problemy. Their interest in the activities wilt
be increased if they can make proposal in addition to peinting out problems.

For this purpose, inira-company educat'ion'is'_ very important. Seminars ace held and gu:ideline
manuals are distributed. -F.v'ein if the staff members are sent to seminars sponsored by external
organizations, the results will be much reduced if the information gained from such an event is
restricied to these participants, without 'beir'lg conveyed Lo the other slaff members and genezal
operators. '

The participants in the external seminars should convey the kﬁowledge in the inlra- compény
seminars when they have came back to their own factory, This wnll raise lhe general level of the
factory, and will also confirm their knowledge :

The lmprovcmenl movement will also bc cncouragcd by aclwe exchange 01‘ mformauon with the
employees of rival companies, material suppllers and product vendors. Of course, it is necessary

1o compete among companies. Exchange of technical information on the give-and-take basis to

some extent will raise the Ie\fel of the industry and strengthen international competitiveness,

“thereby contributing to mutual benefits. For example, to disclose the unit consumplion rate will

motivate competition, Furthermore, problems can be picked up from different angles by getting

~advice and diagnostic comments from public organizalions, consultants and unjversity professors.

-_26.._
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4.1

ENERGY CONSERVATION IN THE STEEL INDUSTRY.

Introduction
Iron and stecl-making plants include the following three types:

{1) Integrated steel works where iron ores are processed to make pig iron by a blast furnace,
which is processed into steel and further into steel products such as steel sheets, bar steets,
etc. ‘ B

(2) Steel works where DRI (Direct-reduced iron) is made by a direct-reduction _melﬁod and
- processed into sleel by an electric furnace and further into steel products.

(3)  Electric furnace plants where DRI and steet scraps are molten by an electric furnace to
* make steel without using a blast furnace or a direct reducing furnace.

An‘integrated steel works has several features. The Iargesl one must be that the steel works as
a whole has a rational and economical producnon sysltem.- For example, since the molten pig
iron produced by a blast furnace can be charged into a convester in the subsequent steel making
process, without being cooled, the heat loss is small and the operational efficiency is high. All
the gases evolved from the blast furnace, converter, coke oven, etc. can be perfectly used as
energy sources in the steel works, The slég separated in the production of pig iron and steel can

 beused for preparing cerment, concre.l'e aggregate. etc,

In addition, shops where various typcs of steel producls are manufactured are localed in the
- same area. ThIS is also advantageous in tcrms of transpor(ation cost.

- On ;hc'cohlrary, a direct reducing steel works or_ an electric furnacc plant has _such:features as
* being relatively small in equipment and other capilal costs, and being easy in quick change of

operation, to be suitable for producing many kinds in small quantities.

This chapter describes encrgy conservalion measures for ¢ach process in integraled steel works.



4.2

4.2.1

lmpleménting Energy Conservation in Integrated Stee} Works

Integrated iron and stecl works have also encirgy integrated. It is, therefore, necessary to make
an cffective control of production, equipment and energy as well as to proceed with energy

conservation for each process,

Energy Conservation for each Process

“y

2

- lechmqucs which will altow shifting the blast furnace fuel to cheaper energy in accordance

Stabilization of operation and equipment

An integrated steel works does not show its power until each pracess aperates smoothly.

If a part of the equipment should go cut of order or cause a trouble, it will affect the

entire plant, adversely influencing the energy intensity. Thus, it is essential to stabilize
the operation and equipment. :

Pariicularly the stabilization of the operation of a blast fumace, which is the core of an
integrated steel works, is most indispensable for enéergy conservation activilies.

‘Minimization of blast furnace fﬁel_rale and selection of a cheap fuel

- A blast furnace, wh:ch consunes a large amount of energy, requires minimization of the

fuel rate (for example reducing it lo 450 kg/t-pig or less), and equipment and opetauon

: wuh the ﬂuctuauon in energy prlces

(3)

0

: 'Enhar_lccin'em of yield

Yield is not merely one of the important indexes for production aclivities in each

process, but also it is impostant in terms of energy conservation because its enhancement

conteibutes directly to the improvement of energy intensity,
Improvement of operaliOn and equipment

Energy intensity for each process is to be decreased by means of individual ldeas and
originalily given below. S .

« Improving the productivity (U__h)=

+ Enhancing the combustion contro} {exhaust gas O, control or charge heat control)

v Redt_lc_ing the f_uei by enhancing of air prehea'ling

« Improving the heating or combustion paiterns including the improvemem of heating
patterns for the reheating furnace
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+ Reducing the required heat through decreasing slab extracting temperatures; etc.
+ Decreasing the radiation heat loss from the furnace (reinforcement of heat insulation)
+ Reducing the infiliration of air into the fumace (prevention of air teakage)

. Preventing the idle rotation of pumps, motors, ¢tc. {to stop the rolalmg machines
‘during non-operating time)

» Oplimizing the capacity for pumps, fans, etc. (impelter cut) g

+ Reviewing the utility pressure such as reduction of air pressure for control, ctc.

© + Reducing the volume of cooling water and fuel for hdld_ing heat for lhe furnaces etc.

_+ Centralized rolling (to voll the steel of similar: energy intensity colieclwcly dunng a

certain period of time)

Enéfgy Conservation by Minimizalion of the Tolﬁl Energy Cost_of a Steel Works o

" Inorder lo minimize the’ energy cost per ton of product wnh consideration given to the energy
balance of a steel works it is necessary to coordinate the control of blast fumace fuel rate,

producuon control and energy management eff:cnemly

- (3)

(6}

‘Opti'mizaiion of_ blast furndace fuel rate

A blast furnace has the greatest influence on'the energy balance of a steel works.
~ Incréasing or decreasing the fuel rate for the blast furnace to minimize the energy cost
of the steel waorks is one of the high-level operation techniques.

Pecvention of enérgy dissipation loss'a‘nc_l energy cenlér

A demand and supply balance should be taken to balance the generation and the use of
enesgy in order to prevent the energy dissipation loss as well as to adjust the maintenance
date for cach process and the production schedule, thus minimizing the energy dissipation
loss. ' : '

Diverse kinds of encrgy are used i large amovnts in steel works, and morcover the

~ generated and utilized amobnts vary from one moment to another. Hence an energy

center has been set up to perform an efficient demand and supply adjustment by a small

- number of people, and now conducls a centralized management of energy, and the
* ¢enter has also a predicting system interfacing with production information.
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- (@)

(9)

Enhancement of crergy buffer equipment

By-product gascs and steams generated in the steel works differ in the amounts of
generation and utilization. To absorb these fluctuations, it is necessary to have an

. optimum buffer equipment capacity.

Production control system with a view to energy minimum

These are many processes in steel works, b_u( if these processes are to be individually

“operated in their own way in an integrated steel works which is dependent on the

recirculation of by-product gases, it witl be extremely difficult to adjust the energy
demand and supply, and in addition, less visible losses will occur in various sectors
resulling in the aggravation of energy intensity. To cope with this situation, a steel
works should place the first priority on the achievement of the production schedule, and
set up the inter-process production control system which will also allow the target of
energy intensity (o be attained at the same llme '

Effective uli!iza_tion of the sensible heat from the slabs in the preceding process

- The introduction of a continuous casting equipment is commonly known as an example *
of using effectively the slab sensible heat from i_he'preceding procéss. Recently the

- slabs made by the continuous casting equipment are charged into the rolling reheating

. furnace at a temperalure as high as possible, thereby to reduce the fuel intensity of the ~

reheating ( urnace. Realizing'lhis atahigh level (direct rolling) requires the synchronization
of converter —CC— (to satisfy the software and hardware requirements) rollmg. and
the technlque for manufaclurmg hrgh qualuy CC stabs and cC bloo:m

: Wasle Energy Recovery and Modermzation ofth_e.l’mcess

A steel works mvolves h;gh temperalure processes, and consumes a large amount of energy
mcludmg not only fuels but also electricily, oxygen, blast blowér, ete. Thus, in order to
remarkably improve the energy intensity, it is mdlspensable to modernize the waste energy

‘recovery, the process and energy equipment.
(10) Recov'ery' of waste energy

The amount of waste heal recovered in Japan is ; 650 Mcalft as shown in Flgure 41,and

exceeds 12 % of the net energy amount used, demonstrating a s:gmhcant result.



Figure 4,1 Trend of Recovery Quantities of Waste Energy in the lntégratﬁl Steel Works in Jap'an
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Waste energy recovery !echmqucs which will brmg aboul a subsiannal resul( mclude
the following: :

CDQ (Coke L_)_ry.Quenc_.hing) |

TRT (Blast fusnace Top _pressuie_ Recovéry Turbine)

Recovery of converter gas and gas sensible heat -
e Recovery of waste heat from the reheating furnace
* Recovery of waste heat from the sintering machine

However, these techniques call for a large amount of investment; therefore it is advisable
to start with the one likely to produce a larger improvement effect after some improvements
such as these of operation, synchronization of the processes (control of produclion
schedule), etc, in consideration of lhe energy balance of Ihe entire works.

Before plannmg the producllon schcdulc and determining the form in which energy is

" recovered (elecmcnly of steam), constdcrauon should b given on the uhhrauon method
of the recovered ¢nergy (countermeasure for lhc non-operating time), stability of the
recovered energy, the characteristic of the plam to recover the waste heat, pmperlles of
waste heat, etc.

Recovering the waste heat to be recirculated for such a purpose as air preheating has
achieved comparatively good results and is economically feasible. '

_.3I —



(11) Modernization (concatenation) of processes and efficiency enhancement of energy
cquipntent
In the past there emerged innovative energy conservalion processes -— open hearth

furnace, converter, blooming and CC. In the future, modermization and energy efficiency
enhancement are expected to be effected for processes and energy equipment.



43  Oulline of Major Processes in an Integrated Steel Works and Themes of Plnxergy
Couservation '

Figure 4.2 shows the flow of raw materials and products in an integrated steel works.

Figure 4.2 Flow of Raw Materials and Products in the Integrated Steel Works
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: _4.3.1: _Sintériug _Equipment-

1)y Si nlenng proccss

Iron ofe is amlered to ensure the pcrmeablllty in the blast fuinace, accounting for
0 % o1 more of the charged malerial.

Smtered oreis prepared by burning and solidifying iron ore powder, coke and limestone,
and the sintering process consists of a smtermg machine and a sintesing cooler. The
sintering machine carries the raw materials using a conveyor, and gets them ignited with
-~ air supplled by an induced draft fan. The sintered ore delwered from the sintering
. machiae is ait- ccoled by the sintering cooler, and then fed to the blast furnace.
The energy consumpuon in the sintering process accounts for about 9 to 10 % of all the.
encrgy consumption in the integrated steel works. '

Figure 4.3 shows the flow and energy conservation measures of the sinlering process.
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Figure 4.3 Flow and Encrgy Conscrvation Measurcs of the Sintering Process
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(2)  Energy conservation by improvements of operation and equipment

a. Coke breeze

Coke breeze occupies the largest energy intensity in the sin_léri'_ng' machine. The
energy intensity of coke breeze, which was 60 to 65 kg/t, bas decreased to a 40 kg/

1 to 45°kg level as a sesult of taking measuvres for unprovemenl of the yleld

enhancing thicker bed height Operauon ete.

<5

Two impostant measures for the improvement of the yleld are to obtain a sufﬁment
strength by conducting homogenéous sintering in the sintering machine through lhe_ '
" homogenization of material charge and permeabilily of the sintering bed, and lo,

~ - prevent the crushing and degradation of the product during its transportation.

" Taking :rﬁeésures such as imprbveﬁiénl of permeability, optimization of the coke
breeze grain composmon ete. will allow a thicker bed height operation, and
: lmprove the y:eld and mcrease the produclwnly



)

b. ~ Electric power
The foregoing measures contribute directly to reducing electricity intensily.

The eleciricity intensity actuaily decreased to about 20 kwh/t by means of preventing
the wind leak by reinforcing the seal around the sintering machine, enhancing the
efficiency of the blower impeller, cutting the impelter, and controlling the rotational
speed of the blower in additien to the above-mentioned measures. Consequently,
howeves, a dust collector, desulfurizing equipment etc., for pollulion-prevcnlivc
measures have come to be required, -which tesults in the ‘electricity intensity
“increasing to 35 to 45 kwh/t. '

c. ' Fuel for the ignition fumace
“The fuel intensity is reduced to 6 Mcal/t by lowering the air combustion ratio of the
ignition furnace, optimization of the ignition fumace pressure control and improvement

of the ignition furnace burner (adoption of a line burner). -

Energy conservation by recovery of waste heat '

" The waslte heat from the sintesing process includes mostly exhaust gas sensible heat

(approx. 85 Mcam) from the : sintering machme body and the exhaust gas sensible heat
(approx. 180 Mcal/t) from the sintering. cooler. The former is, recovered from the

sensible heat of the exhaust gas (250 10 400 SC} in the proxlnnly of the oré discharge
section of the sintering machine itself, to be used for recovering the steam or preheating
the material and the air for the ignition furnace, etc. “On the other hand, the latter is

_ fecovered as steam or elecmcny from the sensible heat of the high-temperature exhaust
'gas (250 to 4(}0 °C) from the cooler by means of a power-generating system which

double-flashes the recovered steam or hot water. Supposing that the temperature of the '

_ 'smlered ore is 700 °C, the temperature (with 0 °C as a reference temp.) of the sinlered

Qre is 180 Mcal/l. However, since only the high-temperature zone waste of the sintering
éooler is recovered, the recovery rate is atound 65 Mcal/t sinter when ' 10ata saturation
sleam is recovered.

' Figure 4 4 shows the heat balance in the santenng process, and hgure 4.5 shows the

tansition of energy intensity, which is an exaniple of a sintering plant which succeeded

" in reducing the coke mtens_:ty |mmedxalel_y after the oil shock



Figure 4.4 Heat Balance in the Sintering Process (an example)
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Coke Oven

(1)

Coke process

In the coke process, raw coal is carbonized in a coke oven to produce the coke for
reducing the iron ore. The coke oven has carbonizalion chambers and combustion
chambers arranged alternately on a regenerator. The raw coal is adjusted, ground,
mixed and carried to be charged into the carbonization chambers, and usually in i5t0
20 hours, carbonization is completed to deliver hot coke. The coke is quenched into a

- product in a quenching tower. The pro‘duét is sieved and fed on a belt conveyor into a

blast furnace.

The energy in the coke proccss'.is.mainly consumed for heating the raw coal and

carbonization. Recently, waste heat recovery such as CDQ is widely adopted,'and the
enesgy consumption accounts for 5 to 6 % of the overall encrgy consumplion in
integrated steel works., - '

Figure 4.6 shows a flow diagram and energy cons'erval"?on measures of the coke coking
proccss. ' R ' ' '

Figu:re 4.6 Flowand Eherngonservaﬂdn Measures of the Coking Process
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(2) Energy conservation by improvements of fuel and equipment
a. Fuel
The fuel for carbonization occupies most of the energy intensity.

The fuel inteﬁsity was around 650 Mcal/t-coal; but it hias decreased to as low as 550
Mcal/t-coal after the following improvements.

« Enhancement of combustion control {control of the oxygen concentration in the
. éxhaust gas)

» Adoption of automatic combustion control using a computer on the basis of the

coke oven operating schedule (operation' rate) including furnace temperature

" conlrol, as well as proper maintenance of the furnace temperature disiribution for

an even carbonizalion of coal lo minimize the disparities in the unfiring time and
carbonization time.

» Coal moisture conlrol systeim preheats and dries the raw coal water content of -

“about to 5 to 7 % by heat sources of steam or the plant waste heat, ¢tc., before

-~ charging the raw coal into the coke oven, and can decrease the heat consumption
for carbonization. This can also im’prové the produ_ctivity.

“The moisture control system brings about a fuel reducing effect of about 75
Mecal/t, allowing an approxiniately S % production increase.

- Figure 4.7 shows a flow of the coal moisture control éq:i.lipmenl.

Figure 4.7 Flow of a Coal Moisturé Control System
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b. Eleclricity

The concept of sotational speed control may be introduced into the blower of the
dust collector. '

(3) Ene:rgy conscevation by waste heat recovery
a, CDQ (coke dry quenching)

" Ceke dry quenching ({CDQ) equipment quenches the hot coke delivered from the
* coke oven, continuously by a circulating inert gas, and recovers the heal as steam
(25010 510 °C) from a high-lemperature circutaling gas by a waste heat boiler. The
~ temperature of the hot coke is higher than 1000 °C, to allow recovery as high
pressure steam, and so recovery as electricity can also be effected by using an
existing power generator of a newly installed power generator altached to CDQ.
" The heat recovered by CDQ amouints 1o 200 to 300 Mcal per ton of coke. A part of
. the circulating gas was released in CDQ, but recently it is recavered as fuel, and the
recovery rate amounis 1o 20 Mca!ft-coke' (gas calory 850 kcal/Nw’). '

’ Figures 4.8 and 4.9 show an example of heat balance of coke oven and the
" processing sheet, respectively. - '



Figure 4.8 Heat Balance of a Coke Oven (an example)
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Figure 4.9 General Arrangement and Process Flow Sheet for CDQ
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b, Recovery of coke oven gas (COG) sensible heat |

" Riser tube type heat exchangers are now commercially available for recovering a
 part of the sensible heat (110 Mcal/(-coal at 0 °C as a reference) of the generated
' COG of a temperatuse as high as 800 °C. However, they aré not so widely used for
economical seasons because a coke oven is divided into a lot of chambers. Since
the genetated COG is cooled by a gas cooler, feedwater for theé CDQ boiter is, in
* somie cases, prcheated in the gas cooler, to recover the heat of 19 Mcal/t-coal.

433 Blast Furnace

Blast funace process

In the blast furnace process, pig iron is prdduced usii\g iron ore, and sintered ore
prepared by prelrealmg the iron ore, as lhe raw materials and usmg the coke charged

: ssmultaneously, and heavy oil, patural gas pulvenzed coal, elc injected in from the
‘ luyere, as a melting heat source and a seducing mater;al E

The raw maleriéﬂ's, coke; et¢. supplied from the top of 'lhe blast furnace make reduction
reaction with the hot air blown in from many tuyeres formed in the lower part of the
furnace, and the melten iron produced is collected at the furnace bottom. It is taken out
of the furnace through a tap hole. The impurities in the iron ore are taken oul as molten
slag.



On’the other hand, as a resuit of the above reaction, blast furnace gas (BFG) is
discharged from ihe furnace top, and is dedusted, to be effectively used as a fuel,

In the iron making process, the energy (approx. 1750 Mcal/t pig) used for melting and
reducing the iron ore is enormous, and accounts for 57 % of the overall energy
consumed for iron making. In recent years, o reduce the coke rate of the blast furnace
and to extend the life of the coke oven, PCl injection technique is increasingly adopted,
and pulverized coal of 160 to 200 kg/t-pig is injecled.

Figure 4.10 shows a processing flow and energy conservation measures.

Figure 4.10 Flow and Energy Conservation Measures of the Iron Making Process
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(2) Energy conservation by improvement of operation and equipment.

a. '_Fuel rate (Coke; etc.) .

i

‘The blast fumace consumes coke, heavy oil, pulvenzed coal and natural gas as -
- energy for reducmg and melung the iron ore and the fuel mlensny is called fuel
rate. :
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Decreasing the fuel rate or controlling the fuel rate is one of the important techniques
for blast furnace operation, More specifically, the fuel rate and the net cnergy
consumption have been reduced by improving the gas availability (CO/CO + COy)
through optimization of the furnace top charge distribution, decreasing the heat loss
of the furnace body {i.c. heat insulation of the tuyere), and increasing the air
blasting temperature and the treated ore ratio. (Some actual results show that the
fuel rate decreased te as low as 420 kg/t)

I recent years, a blast furnace has cone to be regarded more as a gas generating
furnace and operated under such conditions as to minimize the energy cost of the
entire steel works. -

" Figures 4.11 and 4.12 show blast furnace fuel rate vs. blast furaace net encrgy

M calt

consumption; and the heat balance of a blast furnace, respectively.

Figure 4.1 BF Fuel Rate vs BF Energy Intensity
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o Figu're 4.12 Heat Balance of a Blast Furnace (an example)
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Fuel intensity can be about 2 % decreased by improving the burners; introducing
the staggered parallel blowing method; controlling the charge heat amount by
means of a computer; controlling low O, combustien; preventing the generation of
uncombusted CO gas by improvement of control method of fuel gas valves and air
valves; and improving high-calory gas combustion, efc. at air preheating.

~e, Electricity

~ Impellér culling shouid be performed for pumps and fans to obtain a’ proper |
- capacily, and the concept of rotational speed contto! should be introduced for the
~dust collecter fan, elc. to increase the air volume only when required, thereby

teading to electricity conservation,

— 44—



+ Air volume control of the cast house dust collector

+ Air volume control of the hot stove combustion fan and the oplmuzahon of the * -

capacity

+ Rotational speed control of cooling water and dust collecting water pumps and
the optimization of the capacity.

Enecrgy conservation by waste heat recovery '

T.R.T {Blast furnace top gas pressure recovery turbine)

Nearly 100 % of Japanese steel works adopt T.R.T. L most _populaf in Japan as
waste heat recovety equipment —— which recovers the top gas pressure energy of a

“blast furnace operating under a pressure of 1.5 to 3 kg/cm? (called high- pressure

operation) as electricily by an expansion turbine. Wet-process TRT, whlch is
capable of recovering about 45 % of power consumed by a blast blower, can recover
electr:cny of 35 to 50 kWh (85 to 120 Mcal/t) per ton of pig iron. Dry- process TRT
can recover elecmcﬂy of 40 to 35 kthl (100 to 135 Mcal/t).

-Was_le heat recovery from a hot stové (Alr prehealmg)

The sensible heat of exhaust gas from a hot stove, which is oniy' 250 °C in
temperatute but large in quantily, can be utilized for preheating combustion air

(also combustion gas) by a ro(al:onal heat exchanger or & one using a heaung

niedivm.,

~ The adopllon rauo in }apan is nearly 100 %. The heat efﬁmency of a hot stove,
" which was about 80 % at most, is about 4 % increased by installation of an air
. preheater, thus impreving the fuel intensity by 20 to 25 Mcal/t,

Figure 4.13 shows a heat balarice example of a hot stove.
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Figure 4,13 Heat Batance of a Hot Stove (an example)
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 Sicel Making

'Stéel making process

In the steel making process, impurities such as carbon, silicon and sulfur are removed

from molten iron by a converter and a smel(er. to make stecl which is then made into
.stabs by a continuous casler

‘Molten iron is dclivéréd at about 1,500 °C and'charged into a converter at about 1;350 |

°C, to bring in sensxble and latent heat of about 700 Mcal/t-crude steel. The oxidation

reaction heat of each element (C, $i, elc.) in the molten iron and the sensible heat of the -

molten iron are converted into the sensible heat of molten steel and molten siag and the
sensible and latent heat of exhaust gas.

Figure 4.14 illustrates the flow and energy conservation measures of ihe steel making

Process.
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Figure 4.14 Flow and Encrgy Conservation Measures of the Steel Making Process '

Fan

—_— | Rotation conirol

Enclosed
COnverer

Mokt Ho!der —_—8—-.-
iron ! LDG recovery
Blastt : | — LDG sensible heat recmery :
ast fumace | . boiler o
Torpedo car | e Pump
JY  EBxhavst I - .
: r'—-—/ gas heat - : : Continuous casting
recovery ! i :
B B ] ! i
o ; i
Ladle g :...Secondary..;)‘
P Converter ~ smelting
- Pretreatmént of----:* i

molten iron  Slag

Converter stag heat recovery

(2)  Eneirgy conservation by improvement of op'eration and equipment

n the stee! making process the continuous casting ratio has achieved the most remarkable
result in terms of encrgy conservation. . In Japan, the continuous casting ratio, which
was only aboul 27 % in 1974, exceeded 93 % in 1986, and reached 98 % in 1995.

 Omission of SOMe processes and improvement of the yle!d have resulled in the energy
mlensuly of 150 10 200 Mcal/t steel.

A converter ~— the main equipm’enl of a steel-making plant— is usually operating at the
rate of a half or two-thirds of the full availability and yet at batch. In addition to a large

© . amount of oxygen consumed in‘a steel making plant fuel is used for the heat holding
and drymg of the converter, ladle caster, etc., and electncny is used as a power source
for pumps and fans

Since a greal ainount of high-temperature gas (including 90 to 95 % CO) is generated in
‘ a_cbnvértcr because of oxidation reaction of C, §i, etc. in the molten iron occurring
~along with smelting, the sensible heat and the latent heat are recovered. The gas

recovering methods mclude recovery of steam by a converter waste heat boiler or
' 'rccovery ofa converter gas (LDG) as fuel by agas recovering device. This resulls in the

net energy consuniption b:lng nearly 0 (zer0).

Recently, however, to improve the quality of steel, the rate of secondary smelting has

increased, consuming the net energy of 50 to 100 Mcal/t.



Oxygen

Oxygen is mainly used to eliminate impurities such as C, 8i, etc. in the mollen iron.
‘The measutes to improve the oxygen consumplion rate are:

to reduce the re-smelting rate,

+ to reduce the content of silicon in the molten iron (this effort to be made in the
blasl furnace process),

« to decrease the steé! outiet temperature as much as possnb!e for increasing the
. yield,

« (0 increase the oxygen éfﬁciency by blowing in and agitating an inert gas from
thé bottom of the converter, etc.,

It is equally impottant to operate the converlter at as constant pitch as practicable
and to ensure a smooth communication with the oxygen plant in order to decrease
the exygen dissipation loss. '

. Electricity

Idls time should be reduced by: stopping the pumps“and fans when a converter and
" a continuous caster (CC) ate to be stopped for the penod of time exceeding 2

specified time. At the same time, such measures should be taken as checking the .

capacity in terms of the propnety and rep!acmg u with a smaller one when
necessary ' :

" Asfora dusl coltéctor, such measures as fan air volunie contro), damper automatic

changeiover, elc, ate availablé for collecting a-required amount ‘of dust at a
nccessary timing. S

Fuel

Fuel, ';"uhich:is used for heal holding, drying, etc. of ladle and tundish, can be
" reduced by sludymg the actual situation and reviewing the heat holding and drying

standards. In this regard it should be noted that the absolute use amount and the

©energy intensity tend to increase particularly at reduction in production. -

“In case a waste heal boilér is available, it needs 1o be combusted additionally by
heavy o#l of nalural gas when steain pressure drops during a non-blowing-smelting
- time of a converter. Auxiliary combustion should be completed at a good timing by
the start of the subsequent blawing-in to reduce the amount of additional fuel with
the target at about 20 Mcal/ton or less at the two-third operation of a converter,



Improvement of yield

Increasing the yicld of a converter, of a continuous caster (CC) contributes greatly
to improving the encrgy intensity. For a converter, the steel outlel temperature
should be reduced as much as possible to improve the appropriateness of the
components. For a continuous caster, such measures as improvement of the
continuous casting ratio should be taken.

Energy conservation by recovery of waste heat

. Coverter waste heat boiler (co'mbuslio_h typc)

A converter waste gas occurs in the smelting process by blowing in oxygen. The .
gas conlains about 95 % CO and aboul 100 g/m’y of dust, and generates a laige
amount of sensible heat of a temperature of approx. 1500 °C. In order 1o cool this
gas and collect the dust, a method to combusl a wasle gas at the furnace outlet once
and recover it as sleam (by a waste-heat boiler} was first developed.

However, this waste heat boiler involved such problems as high construcnon cost
maintcnance cost, only aboul 200 Mcal/t rate of heat recovery, and the dlfﬁculty in-

- demand and supply ad_]ustment withthe consuming pan due to batch-wise generanon
of recovered steam. ' '

Recovery of converter gas {Non-combuslion lype) '

_Smce the gas-recovcry method was pul to pracucal use in 19607s it has come to
'occupy the mam posmon in the waste heat secovery of a converter, achieving a
: recovcry rate of about 90 to 100 m?y (to be calculated in 2000 keal/m?,). In recent

years, some plams have come to adopt a method to “reconfigure a part of gas

E recovery syslem into a boiler to recover the sensible heat, and achieves 240 McaV/
© tor more of tecovercd heat. o :

Figure 4.15 shows the flow d_iagram of a converier gas recovery sysiem.
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Figure 4.15 Flow Diagram of a Converter Gas Recovery System
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43.5 ='Rc'lling '
(1) Roling process

being cooled by scattering water.

In the rolling process, a stab, bloom, or billet is heated up to a specified temperature,

then rolted by a r’ollirig mill and processed into a specific shape and size. The rolling
- process is categorized into the primary hot rolling for manufacture of steel plates, shape
: ‘steels, bar steels, wite rods, and lhe sccondary cold rolling for hot dipping, electroplating

and manufaclure of welded steel plpcs buu -welded steel plpes and seamless steel pipes.

'F|gurc 4.16 shows an example of steel sheet (cold-rolled steel sheel) manufaclurmg'

process. In the first hot rolling process, the heated slab is 1olled into a thin hot strip coil
through the roughing mill and the finishing mill, and then tempered into a hot coil while

cleaning, the sheet is further subjecled to thickness reduction by the cold mllmg mill

and to compositioral adjusiment. ' Then the shéel is passed through the continuous

annealing system 1o be processed by soaking, annealing, and quenching for having the
processabitity improved, and then cold-tolled into a'steel sheet. " The cold-rolled steel

sheet may be further subjected to plaimg, elc, for each spccnﬁc apphcauon

After removing the scales on the surface by acid -

g
g b



Figure 4,16 Cold Stecl Sheet Production Process
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- The process for manufaclunng steel bars such as shape steels, bar sleels, rod sleels etc.,
steel plates, and steel pipes also consists of such processes as formmg processing,
weldmg, heat-treatment, etc. as required. :

Energ’y imensiiy in the rolling process is' 546 Mcal/t in the primary rolling, and 660
Mcal/tin the secondary ro]lmg, accounung for 13 to 15 % of the énergy consumption of
Fan mlegrated steed works. : ;

i - T e Thxs secllon descnbes mamiy energy conservation measures in lhe primary rolling
- process.

.

Figure 4,17 shows a flowchart and energy conservation measures of the rolling process.



Figure 4,17 Flow and Energy Conservation Measures of the Rolling Process
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- (2)  Energy conservalion by imprbving operation and equipment

Fuel accounts’ for approxlma!ely 50 % of the energy consumed in the ro!lm g process. -
“while electncrty and steam occupy the rest. Fnergy conservation measures aclually -
implemented in the primary rolling process includé efficiency enhancement of heating
- and diverse efforts 1 in processes such as rotling, annealing, heat-treatment, Moreover
in the rolling process involving many repetitions of heating and cooling processes, the
losses arising from these processes must be reduced as much as possible, This requires %
energy conscervalion measures in terms of integration, omission, and concatenation of
processes. ' '

a. Fuel (An example of reheating furnace)

Figure 4.18 shows the changes in fuel imensity: of a reheating furnace.
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Figurc 4.18 Trend of Fuel Intensity of a Reheating Furnace
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« Reduction of heat loss

Iffechve measures Lo reduce lhe waste gas heat loss, which occupies the Iargesl

_ pomon of various types of heat loss in thc reheating furnace are:

- to _reducé the exhaust gaé_aino‘unl {control of the okyg’cn concentration in the
" exhaust gas,

- todecrease the exhaust gas temperature (opfimization of heat patterns, introduction
of & computer for that purpose, etc.) and at lhe same time,

- to take such equxpmenl xmprovement Measures as ex(cns:on of the furnace
lenglh '

' Measurcs to reduce the cooling water héat loss include reinforcement of heat

insulation (double heat insulation) of the skid pipe, increasing the size of skids,
crosses and posts lo reduce their numbers, prevention of vibration, prevention of
heat-insulating materials from dropping, ¢tc. Reduction of the heat capacity of
the furnace wall utilizing ceramic fiber and enhancement of heat insulation are

~available for decreasing the radiation heat of the furnace body.

' Low-lemperature cxtraclion, etc.

Exlractmg a slab from the reheatmg fumace ata low t emperalure tends to
“decrease the fuel intensity but increase the electricity mtensuy ConSIdenng
these influences and skid marks, the slabshould be extracted at as low lempcra{urc
as possible,

J— 53 —



Fuel intensity is reduced by 3 10 5 Mcal/t for every 10 °C drop in the temperature
as shown in Figure 4.19.

Figure 4.19 Relationship between Energy Infensity and Extraction Temperature

Mcalt

- Encigy
* intensity

Extraction temperatuse

+ Enhancement of heat recovery

A dirty heat-conducting surface of an air prehealer (fecu per_at.or) will degrade

. extremely its performance and exert an adverse effect on fuel intensity, Therefore,

simple heat balance should be penod:cally petformed to maintain the temperature

~efficiency at the initial mslailahon lf any problem is found, the preheater must

“be reinforced or rep!aced

lnwprovement of hoi'charge ratio

The fuel mtensnly of the rehealmg fumace will be remarkably |mprovcd by ,

chargmg the hot slab feom the continuous casting process or the blooming

process into the reheating furnace, or by direct-rolting if possible in térms of the

layout (The adoption ratio in Japan is 60 %). Supposing that 100 % of the CC

- material could be direct-solled, the fuel mlcnsuy will be 100 Mcal/t or less even
if the heat by an edge hea{er is added

Figure 4.20 shows an effect of hot charge rolling (an exam;"ﬂé of trial calculation).

®




Figure 4,20 Effect of 110t Charge Rolling (ah exampic)
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* Table 4 1 shows an example of heat balance of tiot- rolling rcheating furnace into
" which only cold slabs are charged.



Table 4.1 Heat Balance of a Reheating Furnace

{Example I}

Charged slab temperature: cold

62.7) ((19.2))

Heat recovered by recuperator

Heat Input Mcalit (%) Heat Output Mcal/t (%)
Combustion heat of fuel 3303 (942) Heat content of extracted slab 195.3 (55.7)
Scasible heat of fue! 0.2 (0.1)  Sensible hedt of scale 5.2 (3.5y
" Heéal content of charged slab 0 (0)  Sensible heat of exhaust gas 82.7  (23.6)
Scale formalion heat 20.0 (5.7) Hecat of cooling water ' 11.1 (3.2)
‘ Heat loss ' 56.2  (16.0)
Heat recovered by recuperator (34.9) ((10.0)) Heat recavered by recuperator  (34.9) ((10.0))
Total - 3505 (100) Total 350.5 (100)
- Overall heat efficiency = {195.3/(330.3 + 02+ 20))} x 100 =557 % §
Furnace effective tength and width: 29.8 L x 9.28 W {(m)
 Neminal capacity: 170 t/h
_? (Example 2) . _ .
8 © MeatInput Mcalt . (%) Heat Output Mcallt (%)
_Combusﬁon heat of fuel 3&8.7 - (97.6) - Heal content of extracted stab - 19'4f8 (59.7)_
- Sensible heal of fucl 0 O _Senéible heat of scale 2.1 (0.6)
- Heat content of charged slab 0 (0) ' Sensible heat of exhaust gas 333 (10.2) _
© Scale formation heat : 80 (2.4) Heat of cooling water 438 - (13.4)
' .+ Heatloss : U527 (16.1)

(627 ((19.2)

_ Heat recovered by recuperator .

~ Total 3267 (100) Total - 3267 (100)
‘Overalt heat efficiency = {194.8/(318.7 + 8.0)} X 100 =59.6 % . = B

(Example 3) _

Heat Input Mcallt' - (%) " Heat Qutput “Meallt (%)
Combustion heat of fuel 462.1 (90.5) He'at' content of extracied slab ~ 206.8 ©  (40.5)
Sensible heat of {uel 06 '(072) * Sensiblc heat of scale ‘5.5 {.n
- Heat content of charged slab - 0 (0):  Sensible heat of exhaust gas 195.0 © (33.2)
Scale formation heat 200 © (3.9)° Heat of cooling water 650, (1271 .
Sensible heat of atomizer - © 277 {5.4) Heatloss 381 (19
Heat récovered by recuperator (51.1) ((10.0)) Heat recovered by recuperator © (62.7)  ({19.2))

Total 5104 (100) Total 5104 (100)

Overall heat efficiency = {206.8/(462.1 + 0.6 + 20.0 + 22.7) } % 100 = 40.5 %
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Electricity

-In order to reduce the electricity for rolling, the consumption characteristics for

rolling should be studied to first adopt a method which will produce a greater effect.
The following items will be empirically proposed, which will be also effective for
the secondary rolling process.

» Since the elcctric power consumption for rolling is gencrally proporlional to the

rolling time, rolling prbduélivily (Uh) should be enhanced.’

+ The capacity of a fan for a reheating fumace, a cooling fan for a rollmg motor,
pump, etc. should be checked to lower the capacuy

s Equipment should be improved so as to stop an auxiliary eqmpmem during lhe
non-rolling tinie mcludmg also hghlmg time.

-+ The operation efficiency of a pump or a fan should be checked, and if it is found '

low, it should be replaced with a one of higher efficiency.

L Steém

A large amount of steam is used in the scc‘bndary'réliing process including an acid-
pickling line, cleaning line, etc. In many successful cases, however, by adopting
the mosl appropriate measure through measuring the steam flow rate and studying
the consumption characteristics, the consumption rate could be reduced by about 70
%. {In some aclual cases, rather simple improvement measurés are takei such as

" installation of a heat exchanger for waste water aind makeup water, the use of water

for cascade, elc.)

t

Energy conservalion by waste heat recovery

Ais preheating

Since slabs need to be healed to a high temperature in order to obtain a high-
temperature flame, an air prehcater should naturally be instalied. Heat exchangers

suitable for even small furnaces are commercially available,

i

Fuel gas preheating

To conduct a drastic waste heat recovery, fuel gas was, in sonie cases, pre-heated.

The sensible heat of the skid cooling water can be recovered as hot water.
Consideration must be also given to the purpose for which it will be utilized. -
When a reheating furnace boiler is installed, the recovered water wull be used as
a feedwater preheater. :



d. Boiles for a reheating furnace

Energy conservation measures should be made after considering a possible effect of
the waste gas reduciion based on fuel consumption reduction efforts such as fuel
gas preheating, hot charge, etc.

(4) [Integration, omission and continuation of ptocesses
The rolling process consists of repeated heatings and coolings. Therefore, the
ultimate energy conservation results feom integration connection, omission and

continuation of processes.

" The following conslitute lypical cnergy conscrvation technigues: in the rolling
process

+ 'Direct combination of the acid c1eaning process and the cold rolling process

‘ Contmuallon of cleaning — anneallng - tempering -3 purification processes
{continuous annealmg equipment)

; 'Conlinu'ali'on.of_ the pialing'processes (Continuous plating equipiﬁgnl)
{5) imp.rovemenl‘of the :yield'
Improvement of lhc'_'yield'in the rolling -'process !ea‘ds‘ directly to the increase in
preduction, and thus it can be said to be a rolling technique itself. The following

operation efforts for the entire rolling line will result in the improvement of the yield:

. o mamlam an even and opnmum rollmg tcmperature of slabs extracted from the
reheating furnac, : ¥

+ to prevent the occurrence of surface ﬂaws by lhe ophmum roll paSS design, mamtenance
contfol etc,

-« to prevent overheating in the reheating furnace {prevention of excessive scale loss), .

+ to minimize the crop loss.



43.6  Energy Equipment
(1) Functions of the energy department

The energy department in a steel works has two functions: to convert an excessive
energy in the steel works (e.g by-product gas such as BFG) into an energy required for
that plant (e.g electricity, oxygen, blast air, etc.), and to perform economically a
" demand and supply control of utilities used in the plant such as electricity, fuel, water,
compréssed air, oxygen, nitrogen. ' '

‘The net éncrgy consumed in the energy department is approxim’ately 7109 %.
) Energy conservation by improvemcnl of operation and equipment

‘ " Since pumps and-b!o_wers among various energy equipment are commonly used, they
i; will be dealt with together here. Encigy conservation measures will be mentioned for
- each equipment. ' :

~a. Fuel (Fuel supply system)

. To decreasé the distribution loss of by-product gés (installation of a most
appropriate buffer to prevent the distribution loss of a by-product gas).

.- - by installation and addition of a gasrholdér or addition of a power-generating
- plant A - - S

:_ by installation of a burner which witl allow combustion of more than one kinds

" of fuet on a boilerora reheating fumace lo make effective use of an excessive

by-product gas {thercby to make the plant operate to the maxinum with only

“a by-product gas). : S

+ To improve the function of the energy center (by minimization of energy cosl}
+ To stabilize the calory of the gas to be fed to each process.
~ (Boiler)
"« To enhance the combustion control (control of the oxygen concentration in
exhaust gas) —- hysterésis improvement of an air contro) system, reduction of air
leakage, ¢lc. ' '

« To install, add or replace an air preheater and to improve the seal mechanism.

+ To reduce the boiler blow-down waler.



(Steam turbine)

+« To enhance the control of the vacuum of the condenser or install a continuous
cleaning equipment for a condenser tube,

s To maintain the cdoling capacity of the cooling tower for the condenser cooling
water.

* To enhance the efficiency of steam turbine.

+ Toreplace a sealing cquipmént in the steam turbine {recovery of the performance
through maintenance).

+ To shosten the periodic maintenance interval,
"(Blast blower) : . g
+ To decrcasé the pfcssure loss of a suélioh_ filtes.

+ To mocllfy a blower to match it 1o the blast furnace operation (reduction of
slages) =

l*ltcc_tricily (Powér'distribulingfreceiving equipment)

’ To reducc the power distribution loss (rcvnew of the capac;ty of the transfomler
for power dlslnbuimn recephon) '

v To keep the power fact_or at 100 % in power réceivi'ng station..

. ’l‘o reduce (he elecmcny for power recenvmg demand (Enhancement of the - o
l‘uncuon of lhe energy center). . . _ o g

(Feedwater equipmént)

* To reduce No. of operating pumps throu gh reviewing the feedwater amount.

]

Intermittent operation of cooling tower féps.
~ '+ To review. the feedwater pressute (by impeller culling).
s Toimprove the feedwater pressure conteotling method (by adoption of an inverter).

+ To separate each different feedwater pressuce system or to install a boostes
Spump. ‘ P
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(Fuel equipment)

« To integrate or abolish the fuel gas blowers (e.g. to combine the blowers which
supply fuel 1o each consuming device at cach different gas calory, thereby
reducing the number of operating blowers). :

+ To imprave the pressure control method (by adopling an invéncr).

(Oxygen plant)

+ “To prevent the dissipation of oxygen (by enhancing the linking with the converter
operation) (by enhancing the demand-supply control function by installing a
tiquid oxygen, or liquid nitrogen manufacturing equipment) {by enhancing oxygen
generating capacity by parallel inslallation of feed air compressors)

+ To adopt a molecular sieve.

+ To modify an air compressor (by replacing it wnh a hlgher cfﬁcmncy impeller
and adop!mg a suction vane wmrol) :

.« “Ta reduce the pressure I(')ss'of Ihe suction filles,

(Pump and blower)

. To oplimize lhe capacnly {Impeller cutting for lhc reduction of excessive capacily,

etc.).

©» To introduce the rotational speed conirol.

f. “To prevent idle Totation.

Steam for the steel-making process

(Steam feeding eqilipment)

. To reduce the loss in steam supply: to reduce the radiation heat loss (by changing

the piping trap from the disk type to the free-float typé to reduce the number of
 traps and reinforce the heat msulauon of uncovered pspes and valves).

"« To recover steain _drain.



(Steam generaling equipment)

» Ta improve the boiler load factor by installation of an accumulator (by reducing
operating boilers).

+ To improve the utilization rate of steam turbine extraction steam.
(3) Energy conservation by waste heat recove'ry
a. Fuel

As an example of energy equipment waste heat récovery, there is a preheater of fuel
BFG by the use of boiler waste gas. Since BFG is low in calory (800 kcal/m? or
below in Japan), the boiler efficiency is nearly 86 %, which can be increased up o
90 % by installing a preheater for BFG. '
Figure 4.21 shows the example. _

Figure 4.21 Effect and Flow of a Fuel Gas Preheater (an example)

Existing

o - Airheater Eva_porator S
. o ' : (waste gas cooler)
Boiler -+ 6;‘;‘;5“*" Dataat 75 % Load - |
: : _ Wastegas flow - | 380,000m’h
o _ | Waste gas inkettemp | 194°C
- . Waste gas outlet temp| - . 133°C |
o E = BFGflow | 205000 m’yh
Botter - |BrGinktemp | a@°C
' [ BFG outlettemp - 160°C -
&
Condenser
{BYG heater)

b, - Electricity
‘When a pressure reducing valve is used for the supply line of steam for industrial
use, the electricity can be recovered by installing a back-préssure wrbine.

..4.62.._



(4

Modernization and efficiency enhancement of energy equipment

In a steel works, various kinds of energy conversion are performed in the power-

- genesating plant, the oxygen plant, blast furnace blowing plant, etc., to supply a greal

amount of eneigy to each process.

Conventionally these plants were regarded as an auxiliary equipment of a steel works,
and their conversion efficiency was considered much less important, However, improving
the energy conversion efficiency has contributed to a great reduction in enérgy intensily

of an integrated steel works, thus leading to the efficiency enhancenient of energy -
equipment, ' ' ' : :

a. * Reduction of energy intensity by improving the power-generating' efficicn§y {For
consideration). ' :

Figure 4.22 shows an example where higher ef ﬁcien"cy in power-generation contributes

to improvement of encrgy intensity. This figure :_:hows_excessivé gas amounts

{consumption rate) in a modern steel works. Generating power at a nct efficiency

{efficiency at the power distribution end) of 41 % will allow the 832 kwh/t required -

in a steel works to be all self-supplied by an excéssive gas, demonstrating that it can .
fully cope with the increase of product quality. '

__63.._



Figure 4.22 Effect of a High Effictency Power Plant (an example)
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b. Gas turbine combined cycle power generation

ln some cases, a gas lurbine combined cycle power generating eqi.li'pmcnt of 46 %
power generaling efficiency was introduced, contributing to improvemeni_ofe_ne{gy
inlénsity in spite of the use of low-calory fuel gas of 1,000 kcal/m’,. Figure 4.23

shows the

flowsheet.



Figure 4.23 Flow Diagram of a Gas Turbine Combined Cycle Plant
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~ ¢. . Multi-purpose power generation

Since the waste heat from a steel works has a high temperalure, it can easily be
'recovered as sleam in terms of economy, which is utilized as processs steam, The
demand for process stéam on the other hand lends to decrease along with the
pmgress of energy conservallon. As the waste steam rate increases against the
steam demand rate, the surplus of steam occurs seasonally or on the maintenance
day of a iargc energy- consummg equipment, On the other hand when a waste
slcam generalmg plant enters mlo mamlenance, steam will bc msuff:c:em

To cope with these sntuauons it will bc riecessary Lo mstall steam demand -supply
control équipment such as mixed- sleanv’exlracnon steancondensing lulbmes for

power generalion, elc,

Figure 4.24 shows an example of this turbine.



Figure 4.24 Heat Balance of a Mixed and Extraction Steam Turbie
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* High effficiency oxygen plant

Enhancement of oxygen plant efﬁcienc'y involves the following three points, and it
' is expected that a plant will be enlarged in scale through intégration or be gradually
replaced by a high efficiency plant. The target at present is 0.45 (0 0.50 kwh/m’,

- for eleclncnly inténsity for manufacturing oxygen and 0. iS 10 0.17 kwh.r'm3 for :
oxygen dlslnbuuon electricity intensity.

. Air'compressor:_

To improve'the electricity intensitjr by adoption of a
+ high-efficiency impeller, suction vane control, a high-
efficiency heat exchanger, and an axial flow compressor,

_-66_



'+ Air separating equipment:  To reduce as niuch as possible the suction pressure

of an air compressor,

To maximize the fluctvation in the oxygen generation
amount in order to reduce the dissipation loss.

« Oxygen compressor: “To adopt a high-efficiency impeller, siction vane
~ contrel, and a high-efficiency heat exchanger.

Blast blower

Axial flow compressors are mainly used, and high-efficiency stator blade controf of
awider blowing range is adopted. A blast blower combining a centrifugal compressor
and an inter-coolér may be possible, but a comparative conmderaluon of these two
melhods in terms of the efficiency of the centrifugal compressor, electricity consumed
in the cooling tower and reduction of fuel consumption in the hot stove reveals that
the adoption of an axial flow campressor will bring aboul a greater effect of energy
consesvation for the entite plant,

Conventionally a steam turbine was, in some cases, employed as a driver, but in the

future it will tend to be replaced by a molonzed blast blower from the vuewpoml of -
efficiency and labor savmg '



4.4  Qutput of Encrgy Consumplion in the Japanese kron and Steel Industey

4.4.1 Features of Energy Consushplion in Japancse Iron and Steel Industry

The iron and steel industry is the largest energy consuming industry which accounts for
11.7 % (51.0 million k! of oil equivalent, FY 1994} of Japanese energy consumption,

" The consumption percentages of respective energy sources in the entire iron and steel industry
are 77.9 % of coal, 15.0 % of purchased clectricity and 7.1 % of oil in FY 1994 showing a large
drop in the oil fuel consumption percentage from 21.3 % of FY 1973,

' Figljre 4.25 shows the changes in energy consumption of respeclive energy sources in
- Japanese iron and steel industry, :

Figure 4.25 * Changes in Energy Consnmption of Respective Energy Sources
in the Integrated Steel Works
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Figure 4.26 shows the changes in energy intensily (index) of Japanese icon and siecl industey. .
Figure 4,26 Change in Encrgy Intensity (Index) in the Integrated Steel Works

100
100 °

el 26.9 : _ -
Energy %0 \. . B . . . . .
intensity. \5.3 : : 76.5
(Index) 0 DT ..__*________Z:E___,_____—-O

- 1 : b - ~ : I
1975 1980 1985 1990 1994

Fiscal year

70

The e_nérgy intensity .per ton of crude steel dropped to 76.5 in FY 1994 with that in FY 1975
~as 100, .



. 4.4.3

- 4.4.4

The energy intensity- in Japanese iron and steel indusiry tends to level ‘off recently, but
compared to the energy intensity in major steel making nations in the world.; with the specific
consumption rate of Japan as 100, USA shows the highest consumption level of 141 being

followed by 124 of ltaly, 112 of France, 112 of Brazil and 104 of ex-West Germany. Japan

remains at the highest level in the world in the encrgy consumption efficiency.
Figure 4.27 shows energy intensity in the major steel-making countries.
Figure 4.27 Energy Intensity (Index) of Major Steel-imaking Nations (1991)

141

‘130 R 124 {Index with Japan as 100)

i12 112

Fapan | US.A. lialy Uniled -* Ex-West - France Brazil
. Kingdom Gemmany

_ Energy ln:tenSity in an Integr_etcd Stecl_ Works

- At presem an average mtegrated steel works consumes 5,500 to 5, 800 Mecal of cnergy per ton

of crude steel,

Percenlages of respectwe energy consumpnon items’in an lnlegraled stee} works consu mmg
5.680 Mcal’ ofenergy per lon of crude steel ore, for example, 30.8 % for reduction of iron ore

' (endothermlc reaction), 22.6 % for elecir:cuy uscd for rollmg. blowers, pumps, lighting, etc.,

13.0 % for exhaust gas sensible heat, 11.1% for s{cel product sensible heat, etc., 3.6 % for slag
sensible heat and 18.9 % for coolmg water, etc. Hence, the ratio of waste energy to be
recovercd accounts for 46.6 % (2,560 Mcal/t) of the enlire encrgy used.

Meanwhile, as showa in Figure 4.1, the recovered wasle heat increased by 556 Mecal/t in 1990
as compared with that in 1973, and the increase accounts for 9.8 % of the entire energy used.

Energy ConServaiibn Méésures inan !ntegi-alcd:Steel Works

" ‘The energy conservation measures in the iron and sleel mdustry can be class:fled into the

following lhree major calegories;
® ' Introduction of more efflclent equipment and 1mprovement of operation

® Omission and concatenation of produclion steps
@ Recovery of waste energy



After the first ol crisis in 1973, energy conservalion measures were taken mainly by improving
the operation till the sudden energy rise due to the second oil crists in 1979, and in the period
of sudden energy price rise after the second oil crisis, eflergy conservation measures were
taken mainly by adopting more efficient equipment including the introduction of waste cnergy
recovery equipment, to achieve a large energy conservation of about 20 % in FY 1985.

Figure 4.28 shows the typical energy conservation measure laken since 1973,
The total amount invested in energy conservalion equipment in the steel- -making industry for

the period from 1982 to 1993 amounts to 1.5 trillion yen, accounting for 15.5 % of the total
investment amount of the stec}- -making induslty in the same period.
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4.4.5 Encrgy Conservation Rate in Each Process

Table 4.2 shows the net energy intensity of cach process in a Japanese integrated steel works
and Table 4.3 shows the main energy intensity of each process.

Table 4.2 Energy Intensity of Each Process (an example)

Plant Net Consumption Remark
Sinter plant (per Sintert) 378 Mcalit
_ Coke oven (per Coal 1) 443 -~ excluding DH
~ By-product plant {per Coal 1) 100 '
‘Blast fumace _ (per Pigiron t) 3,082 -
Converter and Conlinuous casting {per Crude steel t) 30
‘Rolling mill (primary) {per Rolled ptodﬁct O - 546 _
‘Others {per Crude steel t) 538 - including DH'
Power arid Blower plant (per Equivatent kWh) 596 - .
Power plani (per Power ovtput kWh) L2840
QOxygen plant (per Produced Oxygen mh) -83

.Energy distribution loss : (per Crude steel l) 133

" Note: DH and DH' are ca}culated as follows

‘DH =

DH'

==DH><

(lnput energy for coking) - {QOutput energy | of coke oven)

_ Chargmg coal
Coat

Crude steel



Table 4.3 Main Encrgy Intensity of Each Process (an example) .

Coke Planm

Sinter Plant

Blast Furnace

Converter

: Rclling.Mill {printary)

Power Plant

Ene rgy Distribution Loss

Coke oven fuel per ton-coal
Coke oven electricity per ton-coal

Coke rate per ton-sinter
Electricity per ton-sinter

Fuel per ton-sinter

Recovered steam per ton-sinter’

Fuel rate per ton-pig iron

Blast air per ton-pig iron

Electricity per ton-pig iron

Hot stove fuel per ton-pig iron
Recovered BFG per ton-pig iron
Recovered electricily per ton-pig iron

© Oxygen per ton-crude steel

Fuel per ton-crude steel

' Eleél'ricily per ton-crude steel
B Recovered gas per ton-crude steel

Recovered steam per ton-crude steel

~ Fuel per tori-rolled product

Electiicity per ton-rolled product -
Fuel per net output
Fuel per kWh-output

- BFG b}cd @r_ton-cru;lc sleel

COG bled per ton-crude steel
0, bled per ton-crude steel

513 Mcal/t
25 kWh

- 45 kght
37 kWhit
6 Mcallt
27 Mcalit

| 526 kgt

1,145 mift

26 kWhit
424 Mcalit

1,377 Mcalft

55 kWhit

52 mt
21 Meallt
27 kWhit
1202 Mcall
39 Mcallt |

281 Mca_llt
103 kWhit

2,286 kcallkWh

2,164 kcalkWh

5 Mcall
64 Mcal/t
4 Mcak/t
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