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ABSTRACT

In support of the Energy Consumption in Industrial Processes Working

Group the Authors formed a Study Group to examine the steel process.

The introduction to this report explains the steel production process

and provides approximate indications for the energy consumption per

separate operation. A number of technolog~cal changes in the various

process routes have caused a significant decrease in the specific

energy consumption. However there are also developments (quality

requirements set to finished products; environmental measures) which

tend to increase energy consumption.

Effective comparison of the situation in the selected countries by

analysis of the existing global information is limited, because the

resulting figures are rather suspect due to the unclear boundaries of

the described systems and the differences which arise because of the

loeal (energy) situation in a country.

For a better understanding of the differences in the energy consump-

tion of the separate steps of the integrated steel production route,

the Group recommends the use of the so called Roll-up Method. This

method can also be used for other integrated production processes

such as those for base chemicals.

The information collected through a special inquiry using the Roll-up

Method gives a better basis for an assessment of the (possible)

future energy consumption in the steel industry. This is illustrated

for a limited number of countries and production sites.
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i. INTRODUCTION

The steel industry is a major consumer of energy. A typical consump-

tion figure for an industrialised country is around 7.5% of total

primary energy use, and 18 to 20% of total industrial energy use, and

in Japan the figures are even higher. These high proportions are

caused by the large quantities of steel produced (world production

ca. 700 M tonnes a year) as well as the high energy requirement for

the production of one unit. Naturally, this fact is well-known in the

steel industry and is therefore a frequent major topic at congresses

and seminars. Moreover, the International Iron & Steel Institute

(IISI) made extensive studies in 1976 and 1982 resulting in the so-

called Reference Plant. In the last decades important energy savings

have been realised, especiaily in the field of process technology and

energy teehnology.

This summary report gives a brief introduction to the major steel

production processes and approximate indications of specific energy

consumptions. A simple presentation of the current specific energy

consumptions for the steel process in different countries of the

world is misleading, because specific situations in different coun-

tries should be taken into account. For this reason the Authors have

chosen the approach of collecting data for one well-defined produc-

tion route. Projection of energy saving possibilities can be based on

these methods in order to indicate the direction which energy savings

may take. Attention is drawn to the fact that the present study does

not compare energy costs; only the energy consumptions are examinedo
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2. THE STEEL PRODUCTION PROCESS

2.1. Introduction

The production of steel is a typical example of an integrated produc-

tion process, each step of the route resulting in an intermediate

product that must be adjusted to the next production step. Briefly 4

steps can be identified in the route:

- Raw material preparation

- Pig iron production

- Crude steel production

- Production of semis

The following paragraphs give a condensed introduction to these

steps, with an approximate figure for the corresponding energy con-

sumptions, which is always given per tonne of the particular product

of that step. The figures which are given refer to relatively modern

plants with good process control.

The brief descriptions (2.2-2.6) are especially intended for WEC=

participants from outside the iron & steel industry.

2.2. Raw material preparation

For the production of pig iron in a blast furnace two main raw

materials are needed: ore and coke. In the past ore was obtained

directly from the mines. For more efficient production in the blast

furnace the ore can be prepared at the mine and production site by

converting it to sinter or pellets. This is a major step in the

production route.

2.2.1. Sinteri~g

A mixture of ore, coke or breeze and other additives are brought into

a semi-fluid state for a short period of time. This results in a

homogeneous product which is then broken and screened. The energy re-

quirement for this process is about 2 GJ/tonne sinter.
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2.2.2. Pelletising

In the alternative case of the pelletising process the ore is finely

ground and mixed with additives in a wet condition. The pellets are

formed with a binder and dried. This process requires about 1.5

GJ/tonne pellets.

2.2.3. Coke manufaeturlng

In the blast-furnace coke is added to reduce lump ore, sinter and

pellets. The coke is produced by hearing the special coking coal wlth

the exclusion of oxygen and then generally by cooling with water,

causing the characteristic white steam plume. The coke-oven gas

produced can be used for the heating of the coking plant and the

surplus is transported to other parts of the steel plant or possibly

sold to third parties. In some cases the hearing has been achieved

with blast-furnace gas. The efficiency of this coking process is

about 85 percent, with a net energy consumption of about 4.5 (4-5)

GJ/tonne coke.

2.3. Pig iron production

The production of pig iron takes place in the blast furnace plant.

The prepared raw materials are brought into the hearth of the fur-

nace, where the reduction process is completed under addition of

compressed hot air. Besides the energy content of the raw materials

the energy consumption consists of the heatíng energy for the hot air

(so called hot blast) in the stoves, the driving energy for the

blast-air blowers and amongst other things the possible injection of

oil or powdered coal with the air in the blast furnace. This process

also gives a surplus of energy because of the production of blast

furnace (BF) gas (containing CO) and the possibility of electricity

production from the exhaust pressure of the BF gas. The energy

consumption figures now become more complex but a broad average is 14

(11-15) GJ/tonne pig iron.
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2.4. Crude steel production

The pig iron has a relatively high carbon content, which has to be

removed in the steelmaking plant. This process has changed fundamen-

rally during the past fifty years. Modern steelmaking plants use the

basic oxygen furnace (BOF) method in which the pig iron is redueed in

a vessel by pure oxygen. This process accounts for ca. 55% of the

world production of crude steel. About 25% is produced with the open

hearth (OH) process in which the carbon is burnt out. The remainder

of the world steel production is made in electric are furnaces.

An average figure for the energy consumption of the BOF plant ranges

from about -0.5 to +i GJ/tonne crude steel, while the open hearth

(OH) furnace needs about 4 GJ!tonne steel, depending amongst other

things on the pig iron-scrap ratio and oxy-fuel practices.

It should be emphasised here that the choice between the BOF and OH-

process is based on many factors, mainly cost factors and differences

in energy costs are some of them. This argument is also valid when

comparing these processes with the electric are process, no energy

consumption figures for this latter process being given in this

report.

The worldwide tendency is mainly away from OH-steel towards B0F or

electric steel.

2.5. Production of semis

The steelmaking plant produces liquid crude steel. For the prepara-

tion of semi-finished products, which basically take the form of long

and flat products, a transformation into slabs, blooms and billets is

needed for the rolling mills. The modern method of continuous casting

forms slabs, blooms and billets directly from the liquid steel. This

process replaces the older production route via casting of ingots,

cooling down, stripping, reheating and rolling of the ingots. In

particular the reheating and rolling to slabs, blooms and billets

represent an unavoidable use of energy.
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This report is restricted to the hot rolled coil, being the most

homogeneous semi-finished product in the steel industry. Therefore

the rest of this report follows the production route starting from

coke and ore preparation to hot rolled coil.

Slabbing mill

As mentioned before the stripped ingots from the steelmaking plant

have tobe reheated for rolling into slabs. This part of the produc-

tion route consumes about 1.5-2 GJ energy per tonne slabs.

Continuous slab casting

The continuous casting plant produces slabs directly from the liquid

crude steel. The energy consumption of this installation is only

about i0 percent of the slabbing mill.

After the slabbing mill or continuous casting machine various semi-

finished products can be manufactured:

- Hot rolled coil and by continuing the so-called flat route

- Cold rolled coil

- Coils with a surface protection such as tin or zinc.

The hot strip coil production

The slabs produced are mostly cooled down for inspection of the

surface and reheated in the hot-strip mill. However, an increasing

part of the produced slabs are hot charged into the furnaces of the

hot-strip mill. The average energy consumption of this part of the

production route is about 3 (2.0-3.5) GJ/tonne coil.

2.6. Overall comment

The overall energy consumption for a tonne of hot rolled coil largely

depends on the production route applied. Figure 2.6 illustrates the

different possibilities (excluding the electric furnace).

A balanced diagram of the total energy consumption cannot easily be

given. The inputs and efficiencies of the material flows and the

different possible combinations of production routes result in a
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large spread. The cumulated average may vary from 18 to 40 GJ/tonne

hot rolled coil.

~ COKE OVEN PLANT(S)[ 4.5 GJ/t coke

[SINTER PLANT(S)] 2 GJ/t sinter

[ PELLET PLANT(S)

I BLAST FURNACE(S)~

I

BOF PLANT(S)

[ OH PLANT(S) I

!

iLIQUID ~TEEL/

[ CONT. CASTING MACHINE<S) l
I SLABBING MILL(S)I

1.5 GJ/t pellet

14 GJ/t pig iron

0 GJ/t liq.steel

4 GJ/t liq.steel

0.2 GJ/t slabs

2 GJ/t slabs

3 GJ/t coil

Figure 2.6.: Flow diagram hot rolled coil production
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3. CHANGES IN TECHNOLOGICAL PROCESSES

3.1. Pig iron production

A decrease in the speeifie energy coneumption of pig iron production

has been achieved by:

- Increasing the averags size of blast furnaces by replacing the

operation of small-capacity furnaces and increasing the capacity of

existing furnaces;

- Improving the quality and control of the charge of coke and ore,

especially by using high-grade sinter or pellets with a high metal

content;

- Improving the efficiency of the reducing process and that of the

injected fuels hy partly repla~ing the coke with oil, natural gas

and also pulverized coal;

- Improving the efficiency of the hot blast generation;

- Waste energy recovery;

- More generally by improving process control using automated

systems.

3.2. The steel and slab process routes

A world wide process development for the production route from

steelmaking to hot rolling can be observed, which is influenced

mainly by quality, productivity, material efficiency and cost fac-

tors. Examples:

- Restriction of open hearth steel production which has, to a large

extent, progressively been replaced by basic oxygen furnaces and

electric arc furnaces;

- Introduc~ion of continuous casting of steel.

The total decrease in the specific energy consumption and the energy

saving by improvement in material efficiency for the combination of

old and new processes is calculated in detail in Table 3.2. The

figures shown in the diagram in Figure 2.6 have been used with

different combinations of:
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- Open hearth (OH)    4 GJ/t vs. 0    GJ/t Basic Oxygen Furnace (BOF);

- Slabbing mill (SM) 2 GJ/t vs. 0.2 GJ/t Cont. casting (CC).

The differences in material efficiency for each of the processes are

also taken into account. Roughly these input/output ratios are:

Basic oxygen steel plant 0.85 kg pig iron/kg liquid steel

Open hearth steel plant 0.70 "

Continuous casting machine 1.03 kg liquid steel/kg slabs

Slabbing mill 1.20

Hot Strip mill 1.04 kg slabs/kg coll

The energy requirement of the total process route is shown as a % of

the energy consumption via the 0-100% open hearth and 0-100% slabbing

mill route, resulting in a maximum 23 percent energy saving.

Percent OH:    i00 80 60 40 20 0

CC SM BOF: 0 20 40 60 80 I00

0 i00 0.0 0.9 1.9 2.9 4.0 5.2

20 80 4.2 5.0 6.0 7.0 8.1 9.2

40 60 8.1 8.9 9.8 10.8 ii.8 13.0

60 40 ii.7 12.6 13.4 14.4 15.4 16.5

80 20 15.2 16.0 16.8 17.8 18.8 19.8

I00 0 18.5 19.2 20.1 21.0 21.9 23.0

Table 3.2.: Relative improvement in (percent) energy consumption

of production route from ore to hot rollid ioil.

Not taken into account are the different energy consumptions arising

from changes in technological processes because of the developments

in (basic) ladle metallurgy and vacuum treatment. Other major in-

fluences in the energy consumption ara differences in pig iron input

which are based on many factors: marginal scrap-pig iron costs,

technical limitations and quality aspects. The effects of these

factors on the energy efficiency of the complete steelmaking proces-

ses have hot yet been fully studied.



- 15 -

3.3. Rolling processes

The specific energy consumption of the rolling process (in this study

of the hot strip mill) has decreased due to the following operational

- Increasing capacity of mill trains;

- Improvements by hot charging and direct rolling;

- Decreasing extraction temperatures;

- Improvement of furnace design, for instance developments in walking

beam furnaces, improved insulation and refractory materials, im-

proved combustion and hearing conditions;

- Waste heat recovery;

- Reduced electricity consumption by mill drives and auxiliary equip-

ment;

- More generally: improvement of controlling by automation.

There are also some factors which have tended to increase energy

consumptions in this part of the steel processing industry. For

instance the increase in the relative amount of alloy steel produced

and introduction of new special steels which are difficult to form

and demand heat treatment (alloy steels, silicon steel).

3.4. Secondary energy carriers and waste energy

Besides the decrease in the specifie energy consumption by changes in

the technological processes, an improvement can be observed in the

production efficiency of secondary energy carriers like steam, elec-

tricity, compressed air and oxygen. The combination of steam and

electricity demand gives possibilities for cogeneratlon, but the

heat-power r~tio of an iron & steel works is rsther low foran exten-

sive use of cogeneration.

The development of the possibilities for better use of waste energy

is of importance too. Such energy recovery options however are usual-

ly subject to stricter criteria with regard to return on investment

than in the case of improvements in production processes.
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A more complete summary of the possible energy saving measures in

practice, including an indication of the energy carrier saved (fuel,

electricity or steam) and of the energy saving impact for the steel

induitry can be found in Table 3.4*). The rankings A, B and C in this

table are strongly dependent on local situations.

The abreviations mentioned are:

Energy Rank (effect of energy saving)

F: Fuel A: Major

E: Electricity B: Medium

S: Steam C: Slight

The ranking A, B and C in this table are strongly dependent on local

situations.

*) Source: IISI 1982; 16th annual conference



Installation

Coke

ginter
plant

Blast
furnace

BOF

Hot
rolling

Cold
rolling

Others

Improvement of Energy Efficiency Energy Rank Waste Heat Recovery Energy Rank

Automatic combustion control (ACC) F B
Calorific value control of mixed gas F B
Improvement of temperature distribution F B
in combustion chamber
Automatic ignition of COG flare F B
Particle size distribution control F B
of ore and coke breeze
ACC of ignition furnace F C
Automatic pressure control (APC) F C
of ignition furnace
Burden distríbution control F B
Furnace condition control system F B
Insulation of blast main F C
Hearing pattern control of hot stove F C
Automatic ignition of BOF-gas flare F C
Programmed heating of ladle F C
Insulation of CC-tundish F C
ACC and APC F B
Automatic control heating pattern F B
Extension of furnace length F B
Insulation of furnace wall F C
Double insulation of skid F C
Oil-lubricated rolling E C
Higher speed rolling F B
Hot charging into furnace F B
Direct rolling F A
Prevention heat release pickling tank S C
Dispensing with electrolytic cleaning SE B
Programmed heating of coil F B
Extension of furnace length F B
ACC of boiler F B
Calorific value control of mixed gas F B
Insulation of tank S C
Motor rpm control E B-C

Coke dry quenching (CDQ)
Drying of charging coal
COG sensible heat recoHery

SE
F
S
F

A
B
B
C

Waste heat boiler (WHB) S A
Cooler waste heat recovery
- ignition furnace air preheating F C
- sintering material preheating F C
- WHB and power generation F A
Top pressure recovery turbine (TRT) E A
Leaked BFG recovery from BF top F B
Evaporative stave cooling S C
Hot stove waste gas heat recovery F A
BOF-gas recovery system F A
BOF-gas sensible heat recovery S A

F
F
F
F

Improvement of recuperator
Waste gas jet preheating
WHB
Skid boiler

B
B
B
C

Waste heat recovery cooling water S C
Air preheater for batch furnace F C
WHB of non-oxygen furnace S B

Back pressure turbine generator E B
Waste heat recovery of boiler F C
Energy supply-demand system B

Table 3.4.: Energy saving measures in practice in the steel industry
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4. INFORMATION ON THE STEEL PRODUCTION FROM SELECTED COUNTRIES

The Authors have chosen to attempt a more detailed analysis of the

energy use for steel production in a number of selected countries.

This selection is based on a world wide pattern includíng fully

industrialised countries as well as countries with a recently growing

steel production.

no. Country Production Share Steel process Continuous

BOF OH    EL Casting

IISI: 1984 106 tonnes % % (tot.=lO0%) %

I USSR 155.0 24.5 32 57 ii 12

2 Japan 105.6 16.7 72 - 28 89

3 USA 84.5 13.4 57 9 34 40

4 France 19.0 3.0 80 - 20 67

5 Brazil 18.4 2.9 70 4 26 41

6 Poland 16.3 2.6 43 42 15 9

7 United Kingdom 15.2 2.4 70 - 30 52

8 Czechoslovakia 15.2 2.4 28 64 8 5

9 Rep.of Korea 13.0 2.1 71 - 29 61

i0 India 10.5 1.7 33 46 21 ..

Ii Mexico 7.5 1.2 45 13 42 39

12 Australia 6.2 1.0 96 - 4 27

13 Netherlands 5.7 0.9 96 - 4 39

14 Taiwan, China 5.0 0.8 67 - 33 87

Subtotal 477.1 75.5 55    24     21 41

Total World 632.7 i00.0 56 20     24 47

Table 4.: Crude steel production in the selected countries

The first 6 countries of Table 4 belong to the 9 major steel produ-

cing countries who together represent a total production of 80 per-

cent of the world production. The other three are China (PR) with

43.4 M tonnes, FR. of Germany with 39.4 M tonnes and Italy with 24.0
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M tonnes. Corresponding members from the 14 WEC-countries listed

provided some country-specific background information on steel pro-

cesses. On this basis an overview could be obtained of existing

production capacities, environmental impacts of steel production and

a range of specific energy consumption figures. The Authors have

limited their attention in this paper to the available information on

energy aspects.

4.1. Specific energy consumption

On the basis of the heterogeneous information made available, an

attempt has been made to produce a summarising table of the total net

energy consumption data in relation to the total production figures

of steel products.

As already illustrated the steel industry is characterised by several

different types of products, which may be manufactured via different

production processes. On the other hand, similar production processes

may under local circumstances often function profoundly different

from country to country, including the use of different energy car-

riers. The results of this part of the study are not comparable; they

can only be used to convey a quite global and average impression

(Table 4.1). An overview of the average situation in each selected

country can hardly give sufficient information to make a fírm judge-

ment on or predict some future prospects with regard to energy con-

sumption for steel production. For each country the energy consump-

tion figures are the result of a particular mixture of production

processes, local circumstances and energy carriers used.
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No. Country Iron & steel Crude steel Specific IISI

energy use productíon energy use 1984

PJ 106 tonnes GJ/tonne GJ/tonne

i USSR 4785 134.7 35.5

2 Japan 2213 iii.0 19.9 17.6

3 USA 3714 101.5 36.6 23.0

4 France 555 22.8 24.3 22.0

5 Brazil 429 15.3 28.0

6 Poland 523 18.7 28.0

7 United Kingdom* 575 21o5 26.7 21.0

8 Czechoslovakia 472 14.2 33.2

9 Rep. of Korea 8.6

i0 India 9.5

ii Mexico 7.1

12 Australia 7.6 21.0

13 Netherlands 98 5.0 19.6 16,3

14 Taiwan, China 3.4

Source: UN/ECE; specific country information 1980 (* = 1979)

IISI ; specific energy use by inquiry 1984

Table 4.1.: Specific energy consumption crude steel
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5. ENERGY ACCOUNTING

To make a proper comparison of the energy content of steel products

it is necessary to define the system boundaries, for example exclu-

ding the mining. For this reason some systems analysis methods have

been developed of which the so called IFIAS (International Federation

of Institutes for Advanced Study) diagram is the most well known. The

production of steel via the BOF route is shown in Figure 5, illustra-

ting the complexity of integrated production processes. The figures

noted only give information on the net energy consumptions, divided

in total fuel consumption and quantity of electricity. The complete

diagram is related to the production of (in this case) i000 kg of

crude steel product. The production and energy consumption figures of

the different processes in the productlon route only give indirect

information with respect to the actual production and energy consump-

tion of the separate plants.

To solve this problem of system boundaries the Authors have adopted

the so called Roll-up Method originally developed by SACILOR-SOLLAC.

This method has been further developed in the past few years by a

working group of the Association Technique de Sidérurgie Fran~aise

(ATS) Comité d’Energie, for the comparison of the energy consumption

per unit product in a production route of individual steel production

sites in Europe. The main characteristic of the system is that for

each individual production site the energy consumption per production

step of a production route is recorded and related to the final

product of that step. In this system no semi-products in the route

are sold and the changes in stocks are neglected. No energy content

is given to purchased ores and materials, apart from coal, oil or

other energy carriers. Purchased scrap has no energy content, and the

same applies to internal recycling materials.

The ATS has in 1983 and recently in 1984 applied this method to 19

hot rolled coil production routes in nine European countries. The hot

rolled coil is the product of the hot strip mill, and a homogeneous

product of major significance in the steel industry. Besides, most of

the energy of an integrated plant is used by this distinguished
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route. The roll-up method is applied to the integrated production

route from ore preparation and coking to the delivered hot rolled

coil. For application a proper documentatlon and a standardised

calculatíon method is required and survey sheets were designed for

this purpose. The Roll-up method shows the energy differences of a

process-step (on a site), which motlvates the exchange of informa-

tiom.

The Authors have prepared a summary of the specific energy uses for

hot rolled coils on the basis of figures given in response to a

special survey in a number of selected countries. Also an attempt has

been made to compare the results for the different countries with an

energy efficient, fully integrated iron & steel works (a future

reference plant) as proposed by a special study group of the Inter-

national Iron & Steel Institute. Attention is drawn to the fact that

the present study does not compare energy costs; only the energy

consumptions are examined. The development of pulverised coal Injec-

tion instead of oil in the blast furnace is an example of cost saving

wlthout energy saving.

5.1. The reference plant

The roll-up method may also be applicable to the so-called integrated

reference plant, which is the result of an extensive basic analysis

of the Committee on Technology of the IISI in 1982 (Report: Energy

and the steel industry). Although the reference plant is a theoreti-

cal one, it is of a realistic design with modern processes and in-

stallatlons and with good but attainable material efficiencies.

The reference plants roll-up figures for hot rolled coil are low

compared with the different integrated production routes of the

surveyed countries (see Tables 5.1, 6.1.1 and 6.1.2). The energy

consumption pattern is obviously so good, that one can speak of a

substantial gap between reference plant and other routes. Moreover

new technologies can further modify the energy efficient operating

practice of the plant resulting in even lower energy consumption

levels (see cases A and B in the IISI report).
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Plant Material Specific Energy

input energy

kg MJ/IO00 kg MJ

Coke oven plant(s)

Sinter plant(s)

Pellet purchased

Blast furnace plant(s)

Basic oxygen plant(s)

Open hearth plant(s)

Cont. casting machine(s)

Slabbing mill plant(s)

Hot strip mill(s)

490 4536 2221

1113 1707 1899

445 1255 559

895 11791 10553

1084 -22 -24

0 0 0

811 247 200

216 758 164

i000 1931 1931

Total energy/lO00 kg Coil

Derived from IISI figures

17502

Table 5.1.: Energy consumption of the reference plant IISI

It should be mentioned that the referenee plant and the energy low

modifications A and B are balanced designs, producing on full capa-

city with no production oscillations. On the other hand it has to be

realised that most of the new technologies in the report have since

become realistic. This is the case with for instance i00 percent

continuous casting, coke dry quenching, sinter eooler waste heat

boilers and hot charging of semis.
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6. THE SURVEY

6.1. Response to the survey

The authors have received responses from anonymous production sites

in most of the selected countries (Table 6.1.1), the majority of whom

had to complete the questlonaire for the first time. In spite of the

great care raken to produce well-defined survey sheets with (brief)

explanatory notes, differences in interpretation have heen exposed,

which lead to some after-treatment.

Country Coke Sinter Raw Pig    Crude Slabs Hot Strip TotalI)

Site Pellet mat. iron steel Mill

1984 (UK,Brazil: 1983) GJ/1000 kg Hot rolled coil GJ

Reference 2.2    2.5    4.7 10.6    0 0.4     1.9 17,5

Japan-i 3.1 2.4 5.5 13.1 -0.2 0.3 2.1 20.8

Japan-2 3.0 2.6 5.6 14.3 -0.3 0.6 2.3 22.6

France 2.8 2.9 5.7 13.3 0.4 0.4 2.8 22.6

The Netherlands 3.2 2.3 5.5 12.7 0.8 0.6 3.2 22.9

Taiwan,China 3.3 2.5 5.8 13.9 0 0.3 3.2 23.3

United Kingdom-i 3.0 2.8 5.8 12.2 1.0 0.9 3.9 23.7

USA ......... 16.6 1.7 1.4 4.0 23.7

United Kingdom-2 3.8 2.5 6.3 13.0 1o2 1.6 3.7 25.8

Unlted Kingdom-3 4.4 3.3 7.7 12.7 1.4 0.3 3.8 25.9

Czechoslovakia-i 2.1 3.5 5.6 11.5 4.0 1.4 3.0 26.1

Czechoslovakia-2 1.7 4.5 6.2 14.1 1.2 1.7 3.6 26.7

Brazil 5.3 3.6 8.9 12.8 1.4 0.3 4.0 27.2

India 4.3 4.1 8.4 14.7 0.8 2.0 4.5 30.5

Poland 4.9 4.1 9.0 17.2 1.7 2.2 2.8 33.0

Mexico 5.1 2.5 7.5 19.4 3.3 1.9 3.4 35.6

I) Differences in total due to rounded figures

Table 6.1.1.: Energy consumption for i000 kg hot rolled coil,

sites in selected countries
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Each step in the process route shows rather different energy specific

consumption figures for the year 1984 (UK, Brazil: 1983). These can be

related to a number of causes, both energy and non-energy~ often

determined by local circumstances such as energy prices and economy

of scale. Analysls of the flgures on the inquiry sheets reveals

differences ~n material efficiencles, used calorlfic values in parti-

cular with coal and coke (wharf c.q. bell coke) and their relative

position. As thls problem also occurs in the ATS connection, the

attention is focussed on the correct determination of calorific

valueso In the case of raw material~ accuracy in the determlnation of

these flows is also important for the roll-up method.

To facilitate comparison the information in Table 6.1.1 is shown in

histogram form in Figure 6.1.
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Country
site

JAPAN
site i

JAPAN
site 9~

FRANCE

Plant Material Speeific Energy

input energy
kg MJ/IO00 kg MJ

Coke oven plant(s) 616 5033 3101

Sinter plant(s) 1256 1606 2017

Pellet purchased 265 1255 333

Blast furnace plant(s) 1039 12626 13119

Basic oxygen plant(s) 1060 -180 -191

Open hearth plant(s) 0 0 0

Cont.castlng machine(s) 1004 266 267

Slabbing mill plant(s) 0 0 0

Hot strip mill(s) I000 2149 2149

Total energy/1000 kg coil 20795

Coke oven plant(s) 616 4864 2994

Sinter plant(s) 885 1834 1623

Pellet plant(s) 490 1927 944

Pellet purchased 3~ 1255 42

Blast furnace plant(s) 1086 13215 14348

Basic oxygen plant(s) 1066 -272 -290

Open hearth plant(s) 0 0 0

Cont.casting machine(s) 751 317 238

Slabbing mill plant(s) 262 1230 323

Hot strip mill(s) i000 2335 2335

Total energy/1000 kg ~oil 22557

Coke oven plant(s) 518 5350 2770

Sinter plant(s) 1514 1850 2801

Pellet purchased 96 1255 120

Blast furnace plant(s) 1005 13230 13301

Basic oxygen plant(s) 1099 380 418

Open hearth plant(s) 0 0 0

Cont.casting machine(s) 894 200 179

Slabbing mill plant(s) 144 1540 221

Hot strip mill(s) I000 2830 2830

Total energy/lO00 kg coil 22639

Coke oven plant(s) 459 6914 3176

Sinter plant(s) 705 1829 1289

Pellet plant(s) 708 1368 968

Pellet purchased 76 1255 96

Blast furnace plant(s) 955 13347 12745

Basic oxygen plant(s) 1131 667 755

Open hearth plant(s) 0 0 0

Cont.casting machine(s) 580 148 86

Slabbing mill plant(s) 448 1250 561

Hot strip mìll(s) i000 3227 3227

Total energy/lO00 kg coil 22901
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Country
site

TAIWAN, ~INA

UNIT~D KINGDOM
site i

UN£TED K[NGDOM
site 2

UNITED KINGDOM
site 3

Plant Material Speeifi¢ Energy

input energy
kg MJ/1000 kg MJ

Coke oven plant(s) 545 6016 3280

Sinter plant(s) 1483 1697 2517

Pellet purchased 25 1255 31

Blast furnace plant(s) 984 14163 13940

Basic oxygen plant(s) 1102 4 4

Open hearth plant(s) 0 0 0

Cont.casting machine(s) 1068 305 326

Slabbing mill plant(s) 0 0 0

Hot strip mill(s) i000 3231 3231

Total energy/1000 kg coil 23329

Coke oven plant(s) 545 5452 2971

Sinter plant(s) 1298 2059 2671

Pellet purchased 115 1255 145

Blast furnace plant(s) 944 12897 12179

Basic oxygen plant(s) 1143 890 1017

Open hearth plant(s) 0 0 0

Cont.casting machine(s) 722 228 165

Slabbing mill planO(s) 321 2155 692

Hot strip mill(s) i000 3865 3865

Total energy/1000 kg coil 23704

Coke oven plant(s) 547 6908 3776

Sinter plant(s) 760 2092 1589

Pellet purchased 690 1255 866

Blast furnace plant(s) 942 13846 13049

Basic oxygen plant(s) 1178 1012 1192

Open hearth plant(s) 0 0 0

Cont.casting machine(s) 0 O O

Slabbing mill plant(s) 1037 1587 1646

Hot strip mill(s) i000 3728 3728

Total energy/lOO0 kg coil 24846

Coke oven plant(s) 568 7760 4407

Sinter plant(s) 1259 2186 2752

Pellet purchased 475 1255 596

Blast furnaee plant(s) 959 13187 12652

Basie oxygen plant(s) 1088 1297 1411

Open hearth plant(s) 0 0 0

Cont.casting machine(s) 1052 281 296

Slabbíng mill plant(s) 0 0 0

Hot strlp mill(s) 1000 3757 3757

Total energy/1000 kg coil 25274
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Country
site

Plant Material Specific Energy
input ener$~

kg MJ/IO00 kg MJ

çZECItOSLOVAKIA
site 1

Coke oven plant(s) 509
Sinter plant(s) 1463
Pellet purchased 224
Blast furnace plant(s) 854
Basic oxygen plant(s) 253
Open hearth plant(s) 939
Cont.easting machine(s) 0
Slabbing mill plant(s) 1052
Hot strip mill(s) i000
Total energy/1000 kg coil

4248 2162
2170 3176
1255 281

13429 11466
1307 331
3892 3654

0 0
1325 1394
3633 3633

26096

CZE6~OSLOVAKIA
site 2

Coke oven plant(s) 560
Sinter plant(s) 1370
Pellet purehased 611
Blast furnace plant(s) 953
Basic oxygen plant(s) 1203
Open hearth plant(s) 0
Cont.casting machine(s) 183
Slabbing mill plant(s) 869
Hot strip mill(s) i000
Total energy/lO00 kg coil

3077 1722
2701 3700
1255 767

14780 14088
1002 1205

0 0
833 152

1787 1553
3556 3556

26742

BR~ZIL Coke oven plant(s) 581
Sinter plant(s) 1678
Pellet plant(s) 0
Blast furnace plant(s) 1005
Basic oxygen plant(s) 1153
Open hearth plant(s) 0
Cont.casting machine(s) 560
Slabbing mill plant(s) 480
Hot strip mill(s) i000
Total energy/1000 kg coil

9089 5278
2142 3594

0 0
12755 12815

282 325
0 0

561 314
1815 872
4038 4038

27236

POLAND Coke oven plant(s) 732
Sinter plant(s) 1412
Pellet purchased 334
Blast furnace plant(s) 1016
Basic oxygen plant(s) 1034
Open hearth plant(s) 202
Cont.easting machine(s) 0
Slabbing mill plant(s) 1060
Hot strip mill(s) i000
Total energy/lO00 kg coil

6671 4882
2629 3712
1255 419

16853 17155
95 98

8021 1620
0 0

2113 2240
2833 2833

32959
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Country
site

MEXICO

Plant Material Specific Energy
input energy

kg MJ/IO00 kg MJ

Coke oven plant(s) 501 10137 5079
Sinter plant(s) 713 1980 1412
Pellet plant(s) 446 2368 1056
Blast furnace plant(s) 806 24125 19444
Basic oxygen plant(s) 496 1381 685
Open hearth plant(s) 591 4417 2610
Cont.casting machine(s) 243 879 214
Slabbing mill plant(s) 797 2073 1652
Hot strip mill(s) I000 3424 3424
Total energy/lO00 kg coil 35576

Table 6.1.2.: Roll-up method calculated energy summaries sheets
for selected countries and sites

As already indicated in section 5 the roll-up method shows energy and

technical dlfferences in each step of the production route. This is

in line with the survey sheets received, soit is worth mentioning

the main sources of differences. These are illustrated by the net

specific energy consumption for each site in a selected country shown

in Table 6.1.1 and the caleulated summary sheets in Table 6.1.2.

The main charaeteristics and differences in each process step are:

Coke oven plant(s)

- Age and state of maintenance of the batteries

- Way of underfiring (amount of BF, CO or other gas)

- The amount of C0 gas for other use

- Coal/coke yíeld

- (No) benzene plant

- (No) coke dry quenching

- (No) other energy recovery

Slnter~ng plant(s)

- Ratio ign~tion fuel/solid fuel (even no solid fuel)

- (No) waste heat recovery (e.g. sinter cooler)
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Pellet plant(s~

- These only exist incorporated in integrated iron & steel plants in

Japan site 2, Mexico and the Netherlands

- Ratio gas (oil)/solid fuel (also no solid fuel)

Remark:

In the results of the survey (Table 6.1o2) if pellets are purchased

the IISI standard for net consumption of pellet plants is used: 1255

MJ/tonne pellets.

Blast furnace plast(~)

- Input of raw material (coke, sinter and pellets) e.g. differences

in process technology resulting in coke consumption and wall heat

losses

- Both electrical and steam driven blowers

- Power plant(s) and boilerhouse(s) (not) only for BF plant(s)

- Type of fuel in the steam boilers

- Type of fuel in the stoves and (no) enrichment of BF gas

- (No) enrichment of combustion air with oxygen

- (No) use of oxygen in the blast furnaces

- Amount of fuel injection in the blast furnace

- Use of BF gas expansion turbine

- BF flue dust recovery

Steelmaking

- Open hearth vs. blast oxygen furnaces

OH: - Fuel and oxygen consumption of the furnaees

- (No) recovered energy

BOF: - (No) fuel consumption hot metal car etc.

- Oxygen consumption

- (No) BOF converter gas reeovery or other recovered energy

Remarks:

a. With regard to BOF, OH has a large specifie energy consumption.

b. OH however does hOt require such a high pig iron input as in the

BOF processo That means a lower energy content per tonne hot

rolled coil (Pig iron production requires a lot of energy!)
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c. In the case of BOF the net energy consumption may even be negative

by recovery of the BOF converter gas.

Slab prodnctlon

- Milling vs. casting of the slabs

Slabbing mill(s) : - Percentage of cold charge

- (No) recovered energy

Continuous casting machine(s): - Fuel consumption

Remarks:

a. In general slab casters have a much lower spe~ific energy consump-

tion compared with slabbing mills

b. The material efficiency of slab casting is higher, which is not

only important in combination with the remark above~ but it af-

fects the material flows of the preceding steps, starting with the

coke oven plant(s)

c. Slab casting needs a somewhat higher pig iron content in steel

making~ which has a somewhat negative influence on the energy

consumption per tonne hot rolled coil

Hot strip mill

- Furnace design

- (No) hot charging and temperature of charge and extraction

- Fuel consumption

- (No) recovered energy

The IISI reference plant (Table 5.1) seems to have an energy effi-

cient production route for hot rolled coils, ín comparison with the

information in Table 6.1.1 and 6.1.3. Nevertheless, even in this

plant energy saving measures can be raken in different stages of the

reference plant, some of which are already implemented at the sites

of selected countries. The figures in Table 6.1.1 has been calculated

from the results of the survey for each production step in the sum-

mary sheet and show the energy consumption for the necessary material

inputs for producing i000 kg hot rolled coil. These figures |las also

been calculated (Table 6.1.3) for the ~umulative energy eonsumption

for i000 kg intermediate products up to and in¢luding the production

step concerned.
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Cumulative GJ/

GJ/t GJ/t tonne tonne tonne tonne

Country Coke Sinter Pig Crude Slabs Hot rolled

Site Pellet iron steel coil

Reference 4.5 1.6     17.0    14.0 15.2 17.5

Japan-i 4.9 1.5 17.9 17.3 18.6 20.8

Japan-2 4.9 1.9 18.4 18.5 20.0 22.6

France 5.4 1.8 18.9 17.7 19.1 22.6

The Netherlands 6.9 1.6 19.1 16.8 19.0 22.9

Taiwan,China 6.0 1.7 20.1 17.9 18.8 23.3

United Kingdom-I 5.5 2.0 19.0 16.6 19.0 23.7

United Kingdom-2 6.9 1.7 20.5 17.4 21.3 25.8

United Kingdom-3 7.8 1.6 21.3 20.1 21.0 25.9

Czechoslovakia-i 4.2 2.1 20.0 17.7 21.4 26.1

Czechoslovakia-2 3.0 2.3 21.3 17.9 22.0 26.7

Brazil 9.1 2.1 21.6 19.1 22.3 27.2

Poland 6.7 2.4 25.7 25.4 28.4 33.0

Mexico I0.i 2.1 33.5 36.3 30.9 35.6

Table 6.1.3.: Energy consumption for I000 kg intermediate product,

sites in selected countries

6.2. Comparison between inquiry reæults and reference plant figures

The energy consumptions and the materlal flow from the survey results

can be compared with the figures for the reference plant.

In this paper only the decrease in energy requirement by changing

technological processes has been calculated. The process route con-

sidered here starts with production of the pig iron and goes up to

and includes the hot rolled coil, using the modern basic oxygen

furnace and the continuous casting machine. This results in the

savings in energy consumption shown in Table 6.2, calculated on the

same basis as in Table 3.2.

The predicted savings are composed of the differences in the energy
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consumptions of the considered processes and the differences in the

material flows.

Nr. Country Inquiry 100% BOF Energy saving

Site 100% CC total

MJ/IO00 kg %

2 Japan-2 22.6 22.3 -1.3

4 France 22.6 22.0 -2.7

5 Brazil 27.2 25.1 -7.7

6 Poland 33.0 28.4 -13.9

7 United Kingdom-i 23.7 22.5 -5.1

United Kingdom-2 25.8 22.2 -14.0

8    Czechoslovakia-i 26.1 23.9 -8.4

Czechoslovakia-2 26.7 24,3 -9.0

13 The Netherlands 22.9 21.0 -8.3

Table 6.2.: Energy saving by technological process changes

100% basic oxygen furnace and 100% continuous casting
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7. CONCLUSIONS AND RECOMMENDATIONS

This summary report shows that because of progress in technological

processes, the specific energy consumptions (MJ/IO00 kg product) of

steel production processes have decreased and a further decrease is

still possible. Comparison of the figures for various countries shows

differences, which can be explained by the penetration of new process

routes and by the utilisation of various levels of energy eonserva-

tion:

- Increase in scale of the individual production units

- Improvements in operational efficiencies

- Applied process technology

- Waste heat utilization

- More efficíent production of secondary energy carriers

Specific differences arise because of the local (energy) situation in

a country. For a consistent and valid prognosis of the future energy

eonsumption of the Iron & Steel industry, these factors have to be

taken into account.

The analysis of the existing information obtained for the selected

countries as a whole results in rather unrelíable figures, due to the

nnclear boundaries of the observed systems and the factors already

mentioned. The results of the so called Rolì-up Method provide a

better basis for comparison. This is not only hold true for the steel

industry, but probably also for other integrated production process

routes, such as those for base chemicals.

The differences between the energy consumption of the reference plant

in the IISI study 1982 and the information collected, by the Review

Group show that further major energy saving steps can be taken.

The Authors believe therefore that they should conclude this summary

with the recommendation for further investigation into the energy

situation in the steel industry, based on the experienee it has

already gained and which is summarised in this paper and making use

of the ATS Roll-up Method of energy analysis for the comparison of

steel production on the level of individual production sites. The

results of the survey are separately reported in detail in an anony-
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mous form for reasons of confidentiality. It should be recommen~ed~

however, to mutually exchange the unrestricted information between

actual sites and countries, to obtain maximum benefit.
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EXPLANATION OF THE STANDARD ROLL-UP CALCULATION METHOD ANNEX

Introduction

To make a proper comparison of the energy content of steel products

it is necessary to define the system boundaries, for example exclu-

ding mining. For this reason some systems analysis methods have been

developed of which the so called IFIAS (International Federation of

Institutes for Advanced Study) diagram is the most well known. The

figures only give information on the net energy consumptions, divided

in total fuel and quantity of electricity. The complete diagram is

related to the production of (in this case) 1000 kg of crude steel

product. The production and energy consumption figures of the diffe-

rent processes in the production route only give indirect information

with respect to the actual production and energy consumption of the

separate plants.

To solve this problem of system boundaries the Authors have adopted

the so called Roll-up Method originally developed by SACILOR-SOLLAC.

This method has been further developed in the past few years by a

working group of the Association Technique de Sidérurgie FranGaise

(ATS), Comité d’Energie to compare the energy consumption of indivi-

dual steel production sites per unit product for one defined produc-

tion route. The main characteristic of the system is that for each

individual production site the energy consumption per production step

of a production route is recorded and related to the final product of

that step. In this system no semi-products in the route are sold and

the changes in stocks are neglected. No energy content is given to

purchased ores and materials, apart from coal, oil or other energy

carriers. Purchased scrap has no energy content, and the same applies

to internal recycling materials. For comparison of different produc-

tion sites it is possible to make corrections for purchased materials

e.g. coke, pellets and semis.

The ATS has in 1983 and recently in 1984 applied this method to 19

hot rolled coil production routes in nine European countries. The hot
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rolled coil is the product of the hot strip mill, and a homogeneous

product of major significance in the steel industry. Besides, most of

the energy of an integrated plant is used by this distinguished

route. The roll-up method is applied to the integrated production

route from ore preparation and coking to the delivered hot rolled

coil. For application a proper documentation and a standardised

calculation method is required and survey sheets were designed for

this purpose. The roll-up method shows the energy differences of a

process-step (on a site), which motivates the exchange of informa-

tion.

Main characteristics

I. The energy consumption of every step (department) of the inte-

grated production route(s) of a production site has tobe deter-

mined. This is done by filling up the relevant sheet.

2. The energy consumption of every step (department) of the inte-

grated production route(s) of a production site has tobe related

with the unit of the chosen end product: tonne hot rolled coils.

3. The total of all steps (of 2) will give the energy consumption of

the integrated production route(s) of a production site expressed

in MJ per tonne hot rolled coils.

4. This method is independent of stocks. Changes of stock are not

calculated. Nor is this system dependent on purchase or sales of

products (semi-manufactured, finished etc.); these are of no in-

fluence on the given information.

5. When the iron production is mainly based on own coke production,

100% selfsupporting of own coke will be assumed.

Calorific values

I. Main principle is using the NET CALORIFIC VALUE.

2. For coal, coke and breeze produced and purchased, the net calori-

fic values are used on a dry base (0% humidity).

3. The real net calorific values are used. If these values are un-

known, the corresponding values of the table under 4 can be raken.

4. The same has tobe done with electricity, oxygen, compressed air,

steam etc.. The real conversion factors in the case of own produc-
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tion can be used. If unknown (purchase or any external origin)

take the conversion factors of the next table can be taken.

Coal (dry, 0% H20) 31.4

Coke 30.5

Breeze " 27.2

Tar 36.0

Raw benzene, oil, petrol/gasoil 41.9

Propane/butane 46.9

Electricity 10.5

Oxygen 7.8

Compressed air 1.3

Steam 3.6

MJ/kg or GJ/t

MJ/kWh

MJ/m3n

MJ/m3n

MJ/kg

Sheets

i. Sheet 1 illustrates the material flow from the coke oven plant(s),

sintering and pelletising plant(s) to the blast furnace(s).

= The output of the coke oven plant is the so called wharf coke:

coke and undersized coke (breeze). The unit of production used

in sheet 2 is therefore tonne wharf coke.

- Before input into the blast furnace(s) the so called bell coke

remains after screening the wharf coke. The figure of bell coke

has to correspond with the information given in the blast fur-

nace sheet.

- The same has tobe done with sinter (output sinter plant(s))

respectivelybell pellets.

2. Every sheet descrlbes the energy balance of one department (step)

of the integrated production route of the site concerne4.

3. It will be clear that one department can contain more than one

plant.

4. A department includes the plant(s) and equipment (so called other

use) in direct relation to the plant(s) and mainly necess~ry for

the function of the plant(s).

5. The sheets are divlded info a left and info a right part. In the

left pari the consumption of all kinds of energy must be noted.

The right part belongs to all productions of energy.
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6. The meaning of the middle part of the sheet (Plant(s) and Other

Use) is those of a black box. The energy consumption of a plant

whích is part of the own energy production will hOt be noted in

the left side of the sheet. This will be noted in the middle part

of the gíven sheet, if askedo For example a coke oven plant is

fired by e.g. blast furnace gas (BF-gas) and coke oven-gas (CO-

gas). Only the BF-gas is noted on the left side of the sheet. The

balance of the CO-gas surplus, which is filled in in the rlght

part of the sheet, is the CO-gasproduction of the plant minus the

CO-gas consumption of the plant and other use.

7. In the sheets no. 2, 5 and 6 the net CO-, BF-gas and converter gas

production is asked. This means before flare losses.

8. Al1 figures in the sheets are expressed in MJ/tonne product. In

the case of electricity and oxygen there is also requested kWh/

tonne product and m3/tonne product.

Presentation

The figures on the sheets i to i0 give detailed information of each

step in the production route. Related to i000 kg end product e.g. hot

rolled coil the summary sheet can be calculated. The result is

illustrated with the figures of the Reference plant in Table Al.

Plant Material Specific Energy
input energy

kg MJ/1000 kg MJ

Coke oven plant(s)
Sinter plant(s)
Pellet purchased
Blast furnace plant(s)
Basic oxygen plant(s)
Open hearth plant(s)
Cont.casting machine(s)
Slabbing mill plant(s)
Hot strip mill(~)

490 4536 2221
1113 1707 1899
445 1255 559
895 11791 10553

1084 -22 -24
0 0 0

811 247 200
216 758 164

iOOO 1931 1931

Total energy/lO00 kg Coil 17502

Derived from IISI figures

Table Al.: Energy consumption of the reference plant IISI



WORLD ENERGY CONFEKENCE

Energy Consumptlon Steel Process

MATERIAL FLOW

COKE OVENS PLANT(S)~

wh~f coke (dr~)

C* F kg I

Ibeli coke (dry)

~ SINTER PLANT(S)~

+
UNIT

I000 kg
PIG IRON

C* corresponds to posltion on Coke Oven Plant sheet
S* corresponds to posltlon on Sinter Plant sheet
P* corresponds to posltlon on Pe~let Plant sheet
C,S~P correspond to posltion on Blast Furnace sheet

I PELLET PLANT(S)[

Ibell peliet

Sheet 1

Original Source ATS



WORLD ENERGY CONFERENCE

Energy Consumption Steel Proeess

Sheet 2 I

MJ/tI coking coals, ineluding

I petroleum coke, coke breeze

BF gas, natural gas
MJ/t[l (used for under firlng)

COKES

OTHER

MJ/t~°ils

MJ/t] steam

MJ/t~
other energles (compr. air,

LPG, etc.)

MJ/t~__~ kWh/t~ electrIc power

MJ/t] oxygen --~ m3/t[

USE

COKE OVEN PLANT(S)

CO gas (incl.

flares)

Origin
externa]

C* corresponds to posJtlon on sheet I
INETMJ/t

CONSUMPTION

External
destlnatlon

Orlginal Source ATS



WORLD ENERGY CONFERENCE

Energy Eonsumptlon Steel Process

Mj,/tI ignition fuels: BF,
converter, natural gas, oils

I
solld fuels: dry coke, dry

M~/t[[ breeze, BF flue dust

I
I

I
I

Origln
external

llnput ] [    MJ/t]

S* corresponds to posltlon on sheet i

Original Source ATS

recovered energy

OTHER

USE

SINTER PLANT(S)

UNIT

i000 kg
SINTER

~NETMJ~

CONSUMPTION~

[ Sheet 3

steam, hot water[

other ~nergieB ~

co~pressed air
water ...

MJ/t

MJ/t ~--

External
destlnat~on



WORLD ENERGY CONFERENCE

Energy Consumption Steel Process

ICountry:            [Site Nr.: ~19~’.~

converter~ natural gas~ oils

solld fuels: dry coke, dry

MJ/~~ breeze, BF flue dust

------~kg/t

UNIT

i000 kg
PELLET

I Sheet 4 ~

p~

(Fe =    %)

Mj/~I other fuels, llght oil, LPG

MJ/t~
other energies (steam, compr.

air, etc.)

MJ/t[=[ kWh/t~electric power

OTHER

Origin
ex~ernal

p* corresponds to position on sheet i

USE

recovered energy

PELLET PLANT(S)

NET CONS[fMPTION

steam~ hot water~

other energies

eompressed air ~
water . o.

destination

Orlginal Source ATS

MJ/t

MJ/t~

MJ/t~



WORLD ENERGY CONFERENCE

Energy Consumptlon Steel Process

~Country:

~J/t] bell coke dry (C)

[ MJ/t~ oxygen
=[

m3/tH

~ MJlt[ inject. (oil, coal, tar, gas)

1 ~it~ gas (co, converter, n~tur~1)

1
MJ/t~ oxygen    =~    m3/t~

J ~/t~=[    kWh/t] electric power

~ ~/tl CO gas, natural gas, eoal

~ ~/tl=~ kWh/t~ electric power

t MJ/t]" oxygen
=l m31t~

[ ~/t[ other energies (compr. air,
water, LPG, etc.)

bell(P) bell
bell(S) pellet pellet
sinter produced purchased    ore

scrap

! BLAST

i FURNACE

ISTOVES

USE              MJ/t H

BLAST FURNACE PLANT(S)

BF exp.
TURBINE

~/t

] kg/t
Sheet 5 [

BF gas (incl.

flares) 1 MJ/t~

1000 kg
hot + cold
PIG IRON

recovered energyI MJ/tF

steam

I MJ/tk

other energies I        MJltk

Origin
external

(C,S,P) correspond to positlon on sheet 1
[NETMJ/t

CONSUMPTION

External
destination

MJ/t~

Orlg~nal Source ATS



WORLD ENERGY CQNFERENCE

Energy Consumption Steel Process

ICountry: ~Site Nr.:

liquid
iron

~ electrlc power
kWh/t

cold steel ore
iron scrap

[ converter gas

OXYGEN ...................... UNIT

CON- i000 kg
VERTER LIQUID STEEL

Sheet 6 ~

other energies: fuel, gases

steam, eompr, air, water ...

OTHER

USE

incl.

IRON

MIXER

STEEL MAKING PLANT(S)
BASIC OXYGEN

to ingot casting

to continuous
casting

recovered energy

steam, hot water

recovered energy

other

other energies: t

MJ/t~

Or~gin
external

[NET~
CONSUFfPTION]

External
destination

Original Source ATS



WORLD ENERGY CONFERENCE

Energy Consumptlon Steel Process

ICountry: ~Site Nr.:

Orig~n
external

solid fuels: coke, breeze

coals, oils BF, CO, naturel
gas etc.

MJ/t~=~ kWh/tl electric power

MJ/tI oxygen
I m3/t~

~~/t| other energies: fuel, gasesJ steam, compr, air, water ...

liquid
iron

l

cold steel ore
iron scrap

OTHER

USE

STEEL MAKING PLANT(S)
OPEN NEARTH

~NET~

CONSUMPTION]

Sheet 7

UNIT      [
1000 kg [

LIQUID STEEL~
to Ingot casting

to continuous
casting

recovered energy

steam, hot water

recovered energy

other

other energies:

steam, compr.
air, water ...

External
destination

Original Source ATS



WORLD ENERGY CONFERENCE

Energy Consumptlon Steel Process

ICountry: ISite Nr.: 119..~

MJ/t~ fuels

other energles: compr, air,
MJ/t~ LPG, water ...

,~/tl=I ~~itt o~oo<r~o

Origin
external

Orlglnal Source ATS

liquid
steel

Sheet 8 i

CONT.

CASTING

MACHINE

CONTINUOUSCASTING MACHINE(S)

UNIT

i000 kg
SLABS

re¢overed energy I
MJlt~

other energies

1 MJ/t~

External
destination

CONSUMPTION

excluding slab descallng



WORLD ENERGY CONFERENCE

Energy Consumption Steel Process

MJ/t~
fuels: CO gas, BF gas, oli

natural ga~ ...

I
Orlgln
external

{ ~zt~ fuels

~ MJ/t} other energles

~ MTltI=~ kWhlt~ eleetrlc power

MJlt~ oxygen =~ m3/tH

Orlglnal Source ATS

I
I

hot ~

liquid
steel

] kg/t

I

~cold

[SLAB-
BING

OTHER

USE

SLABBING MILL(S)

Sheet

other energies ~
M~/tk

recovered

energies ~
MJ/t

UNIT

i000 kg
SLABS

INET
CONSUMPTION]

excluding slab descaling

External
destination

M J/t I



WORLDENERGY CONFERENCE

Energy Consumptlon Steel Process

~Country: ~S~te Nr.: ~19..~

Origin
external

~/t~ fuels

MJ/t~’ °xygen      =~’ m3/t H

MJ/t| fuels, CO BF, converter
J natural gas~ oil ...

Mj/ti=[ kWh/t~ electric power

Mj/t~, fuels

Mj/t~. other energles

MJ/t]=~    kWh/t~ electric power

~~tl oxygen    =1    =~~tt-

slab

c°idI

~h°t
q DESC~LINGI I

~REHEATING
FURNACE

IOTHER

USE

HOT STRIP MILL($)

~ther recovered

energy

reeovered energy

steam, hot water

==I     UNIT

i000 kg
COILS

other energles

Sheet i0 ~

INETMJ/tl

CONSbMPTION~

External
destlnatlon

Original Source ATS



WORLD ENERGY CONFERENCE

Energy Consumption Steel Process

~Country:

~COKE OVEN PLANT(S)~

~PELLET PLANT(S)~

IBLAST FURNACE(S) I

~BO PLANT(S)I

I
~SLABBING MILL PLANT(S)I

IHOT STRIP MILL(S)I

C,S,P correspond to posltion on sheet 1

Ori~inal Source ATS
85/~86-ww

~sheet 4] I

Isheet 5][

~TOTAL CONSUMPTI: Ii000 kg eoils: ~---~"
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