NOVEMBER 1986

ESC-38

ENERGY CONSUMPTION FOR STEEL PRODUCTION

An example of energy accounting

Report to World Energy Conference
Energy consumiption in industiial processes
Working group 6
Cannes, october 1986

ENERGIE STUDIE CENTRUM HOOGOVENS MUIDEN
F.G.H. F.G.H. VAN WEES J.E. VAN BUUREN
J.A. OVER P.M.B. RONDE







ABSTRACT

In support of the FEnergy 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 techmological changes in the various
process routes have caused a significant decrease in the specific
energy consumption. However there are alsoc 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
local (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 broduction 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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l. 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, especially in the field of process technology and

energy technology.

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 Ffact that the present study does

not compare energy costs; only the energy consumptions are examined.




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 &
steps can be identified in the route:

— Raw material preparation

~ Pig irom 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 producticn of pig irom 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. Sintering

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.




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 manufacturing

In the blast-furnace coke is added to reduce lump ore, sinter and
pellets. The coke is produced by heating the special coking coal with
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
gsold to third parties. In some cases the heating 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 heating 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
0il 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 C0) 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-
tally during the past fifty years. Modern steelmaking plants use the
basic oxygen furnace (BOF) method in which the pig iron is reduced in
a vessel by pure oxygen. This process accounts for ca. 55% of the
world production of crude steel. About 257 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 arc furnaces.

An average figure for the energy consumption of the BOF plant ranges
from about -0.5 to +1 GJ/tonne crude steel, while the open hearth
(0H) 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 cholce 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 alsoc valid when
comparing these processes with the electric arc process, no energy
consumption figures for this latter process being given in this
report.

The worldwide tendency is mainly away from OH-steel towards BOF 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 wvia 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 to be reheated for rolling into slabs. This part of the produc-

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

Continuous slab casting
The continuous casting plant produces slabs directly from the 1liquid
crude steel. The energy consumption of this Iinstallation is only

about 10 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 slabhs 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 possibiiities (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 te 40 GJ/tounne

hot rolled coil.

| COKE OVEN PLANT(S) |

| SINTER PLANT(S)]|

| PELLET PLANT(S) |

| BLAST FURNACE(S)

PIG TRON

I
BOF PLANT(S)

OH PLANT(S)

/.LIQUID STEEL./
1

[
CONT.CASTING MACHINE(S) |

| sLaBBING MILL(S)!
i

SLABS

HOT STRIP MILL(S)

o

4.5 GJ/t
2 GJ/t
1.5 GJ/t
14  GJ/t
0 eI/t
4 GI/t
0.2 GJ/t
2 GJ/t
3 G&J/t
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3. CHANGES IN TECHNOLOGICAL PROCESSES

3.1. Pig iron production

A decrease in the specific energy consumption of pig iron production

has been achieved by:

- Increasing the average 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 by partly replacing the coke with oil, natural gas
and also pulverized coal;

- Improving the efficiency of the hot blast generatiom;

~ 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 are furnaces;

- Introduction 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
0ld 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 GIJ/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 b "

Hot Strip mill 1.04 kg slabs/kg coil

The energy requirement of the total process route is shown as a 7 of
the energy consumption via the 0-100% open hearth and 0-100% slabbing

mill route, resulting in 2z maximum 23 percent energy saving.

Percent  OH: 100 80 60 40 20 0
CC SM BOF: 0 20 40 60 80 100
0 100 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 11.8 13.0
60 40 11.7 12.6 13.4 14.4 15.4 16.5
80 20 15.2 16.0 16.8 17.8 18.8 19.8
100 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 rolled coil.

Not taken into account are the different energy consumptions arising
from changes in techmological processes because of the developments
in (basic) ladle metallurgy and vacuum treatment. Other major in-
fluences in the energy consumption are differences in pig iroﬁ 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 not yet been fully studied.
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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
measures:

— Increasing capacity of mill tréins;

— 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 heating 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. B8econdary energy carriers and waste energy

Besides the decrease in the specific energy consumption by changes in
the technclogical 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 cogeneration, but the
heat—-povwer ratio of an iron & steel works is rather low for an exten-

sive use of cogeneration.

The development of the possibilities for better use of waste energy
is of importance tco. 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
industry can be found in Table 3.4%). The rankings A, B and C in this

table are strongly dependént 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 Improvement of Energy Efficiency Energy Rank  Waste Heat Recovery Energy Rank
Coke Automatic combustion control (ACC) F 3B Coke dry quenching (CDQ) SE A
oven Calorific value control of mixed gas F 3B Drying of charging coal F B
Improvement of temperature distribution F 3 COG sensible heat recovery 5 B
in combustion chamber F C
Automatic ignition of COG flare F B
Sinter Particle size distribution control F B Waste heat boiler (WHB) S A
plant of ore and coke breeze Cooler waste heat recovery
ACC of ignition furnace F < — ignition furnace air preheating F c
Automatic pressure controel (APC) F c - sintering material preheating F C
of ignition furnace — WHB and power generation F A
Blast Burden distribution control ¥ B Top pressure recovery turbine (TRT) ) A
furnace Furnace condition control system F B Leaked BFG recovery from BF top F B
Insulation of blast main F C Evaporative stave cooling 8 c
Heating pattern control of hot stove F c Hot stove waste gas heat recovery F A
BOF Automatic ignition of BOF-gas flare F C BOF-gas recovery system F A
cC Programmed heating of ladle ¥ C BOF-gas sensible heat recovery 5 A
Insulation of CC-tundish F C
Hot ACC and APC F B Improvement of recuperator F B
rolling Automatic control heating pattern F B Waste gas jet preheating F B
Extension of furnace length F B WHB F B
Insulation of furnace wall F C Skid boiler F C
Double insulation of skid F [
Oil-lubricated rolling E C
Higher speed rolling F B
Bot charging into furnace r B
Direct rolling F A
Cold Prevention heat release pickling tank 5 C Waste heat recovery cooling water S C
rolling Dispensing with electrolytic cleaning E B Air preheater for batch furnace F c
Programmed heating of coil F B WHB of non-oxygen furnace 5 B
Extension of furnace length F 3
Others ACC of boiler F B Back pressure turbine generator E B
Calorific value control of mixed gas F B Waste heat recovery of boiler F C
Insulation of tank S C Energy supply-demand system B
Motor rpm control E B-C )
Table 3,4.: Energy saving measures in practice in the steel industry

._LI_
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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 including 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 109 tonnes % % (tot.=100%) %
1 USSR 155.0 24.5 32 57 i1 12
2 Japan 105.6 16.7 72 - 28 89
3 uUsaA 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
10 1Imndia 10.5 1.7 33 46 21 .
11 Mexico 7.5 1.2 45 13 42 39
12 Australia 6.2 1.0 96 - 27
13 Netherlands 5.7 0.9 96 -~ 39
14 Taiwan, China 5.0 0.8 67 - 33 87
Subtotal 477.1 75.5 55 24 21 41
Total World 632.7 100.0 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 obrained 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 firm 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 - I18I
energy use production  energy use 1984
PJ 10° tonnes ¢J/ tonne GJ/ tonne
1 USSR 4785 134.7 35.5
2 Japan 2213 111.0 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 21.5 26.7 21.0
8 Czechoslovakia 472 14.2 33.2
9 Rep. of Korea 8.6
10 1India 9.5
11 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)

IIST ; specific energy use by inquiry 1984

Table 4.1.: Specific energy consumption crude steel




- 21 =

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 IFTAS (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) 1000 kg of
crude steel product. The production and energy consumption figures of
the different processes in the production 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 Francaise
(ATS) Comit& 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 emergy 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 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.

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 countriés 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

without 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 Comnittee on Technology of the TISI in 1982 (Report: Energy
and the steel industry). Although the reference ﬁlant is a theoreti-
cal one, it is of a realistic design with modern processes and in-

stallations 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).




- 24 -

Plant Material Specific Energy

input energy

kg MJ/1000 kg MJ
Coke oven plant(s) 490 4536 2221
Sinter plant(s) 1113 1707 1899
Pellet purchased 445 1255 559
Blast furnace plant(s) 895 11791 10553
Basic oxygen plant(s) 1084 =22 ~24
Open hearth plant(s) 0 0 0
Cont. casting machine(s) 811 247 200
Slabbing mill plantc(s) 216 758 164
Hot strip mill(s) 1000 1931 1931
Total energy/1000 kg Coil 17502

Derived from IISI figures

Table 5.1.: Energy consumption of the reference plant IISI

It should be mentioned that the reference plant and the energy low
modifications A and B are balanced designs,
city with no production oscillations. On the other hand it has to be
realised that most of the new technologies in the report haﬁe since
become realistic. This is the case with for instance 100 percent

continuous casting, coke dry quenching,

boilers and hot charging of semis.

sinter cooler waste heat

producing on full capa-




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),
had to complete the questionaire for the first time.

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

explanatory notes,
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which lead to some after-treatment.

In spite of the

the majority of whom

differences in interpretation have been exposed,

Crude Slabs Hot Strip Totall)

Country Coke Sinter Raw Pig

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-1 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-1 3.0 2.8 5.8 12.2 1.0 0.9 3.9 23.7
usa 0 mmm—e—ee 16 .6~——mm—mmm 1.7 1.4 4.0 23.7
United Kingdom-2 3.8 2.5 6.3 13.0 1.2 1.6 3.7 25.8
United Kingdom-3 4.4 3.3 7.7 12.7 1.4 0.3 3.8 25.9
Czechoslovakia-1 2.1 3.5 5.6 11.5 4.0 1.4 3.6 26.1
Czechoslovakia~2 1.7 4.5 6.2 1l4.1 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 B.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 3.1 2.5 7.5 19.4 3.3 1.9 3.4 35.6

1) Differences in total due to rounded figures

Table 6.1.1.: Energy consumption for 1000 kg hot rolled coil,

sitesg 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. Analysis of the figures on the inquiry sheets reveals
differences in material efficiencies, used calorific values in parti-
cular with coal and coke (wharf c.q. bell coke) and their relative
position. As this problem also occurs in the ATS connection, the
attention is focussed on the correct determination of calorifice
values. In the case of raw material, accuracy in the determination 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.l.
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Country Plant Material Specific  Euergy
site input energy

kg MJ/1000 kg jul)

JAPAN Coke oven plant(s) 616 5033 3101

site 1 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 G

Cont.casting machine(s) 1004 266 267

Slabbing mill plant(s) 0 0 0

Hot strip mill(s) 1000 2149 2149

Total energy/1000 kg coil 20795

JAPAN Coke oven plant(s) 616 4864 2994

site 2 Sinter plant{s) 885 1834 1623

Pellet plant(s) 490 1927 944

Pellet purchased 34 1255 42

Blast furnace plant(s) 1086 1321 14348

Basic oxygen plant(s) 1066 =272 -29%0

Open hearth plant(s) 0 0 0

Cont.casting machine(s) 751 317 238

$labbing mill plant(s) 262 1230 323

Hot strip mill(s) 1000 2335 2335

Total energy/1000 kg coil 22557

FRANCE 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) 1000 2830 2830

Total energy/1000 kg coil 22639

NETHERLANDS 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 furnmace 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 1259 561

Hot strip mill{s) 1000 3227 3227

Total energy/1000 kg coil 22901
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Country Plant Material Specific Energy
site input energy

ke Mi/1000 kg M

TATWAN,CHINA Coke oven plant(s) 545 6016 3280

Sinter plaot(s) 1483 1697 2517

Pellet purchased 25 1255 31

Blast furnace plant(s) 934 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) 1000 3231 3231

Total energy/1000 kg coil 23329

UNITED KINGDOM Coke oven plant(s) 545 5452 2971

site 1 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 plant(s) 321 2155 692

Hot strip mill(s) 1000 3865 3865

Total energy/1000 kg coil 23704

UNLITED KINGDOM Coke oven plant(s) 547 6908 3776

site 2 Sinter plant(s) 760 2092 1589

Pellet purchased 690 1255 866

Blast furmace plant(s) 942 13846 13049

Basic oxygen plant(s) 1178 1012 1192

Open hearth plant(s) 0 0 0

Cont.casting machine(s) 0 0 0

Slabbing mill plant(s) 1037 1587 1646

Hot strip mill(s) 1000 3728 3728

Total energy/1000 kg coil 24846

UNITED KINGDOM Coke oven plant(s) 568 7760 4407

site 3 Sinter plant(s) 1259 2186 2752

Pellet purchased 475 1255 596

Blast furnace plant(s) 959 13187 12652

Basic oxygen plant(s) 1088 1297 1411

Open hearth plant(s) 0 0 0

Cont.casting machine(s) 1052 281 296

Slabbing mill plant(s) -0 0 Q

Hot strip mill(s) 1000 3757 3757

Total energy/1000 kg coil 25274
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Country Plant Material Specific Energy
site input energy

kg MI/1000 kg MJ

CZECHOSLOVAKIA Coke oven plant(s) 509 4248 2162

gite 1 Sinter plant(s) 1463 2170 3176

Pellet purchased 224 1255 281

Blast furnace plant(s) 854 13429 11466

Basic oxygen plant(s) 253 1307 331

Open hearth plant(s) 939 3892 3654

Cont.casting machine(s) 0 0 0

Slabbing mill plant(s) 1052 1325 1394

Hot strip mill{s) 1000 3633 3633

Total energy/1000 kg coil 26096

CZECHOSLOVAKTA Coke oven plant(s) 560 3077 1722

site 2 Sinter plant(s) 1370 2701 3700

Pellet purchased 611 1255 767

Blast furnace plant(s) 953 14780 14088

Basic oxygen plant(s) 1203 1002 1205

Open hearth plant(s) 0 0 0

Cont.casting machine(s) 183 833 152

Slabbing mill plant(s) 869 1787 1553

Hot strip mill(s) 1000 3556 3556

Total energy/1000 kg coil 26742

BRAZIL Coke oven plant{s) 581 9089 5278

Sinter plant(s) 1678 2142 3594

Pellet plant{s) 0 0 0

Blast furnace plant(s) 1005 12755 12815

Basic oxygen plant(s) 1153 282 . 325

Open hearth plant({s) 0 0 0

Cont.casting machine(s) 560 561 314

Slabbing mill plant{s) 480 1815 872

Hot strip mill(s) 1600 4038 4038

Total energy/1000 kg coil 27236

POLAND Coke oven plant(s) 732 6671 4882

Sinter plant(s) 1412 2629 3712

Pellet purchased 334 1255 419

Blast furnace plant(s) 1016 16853 17155

Basic oxygen plant(s) 1634 95 98

Open hearth plant(s) 202 8021 1620

Cont.casting machine(s) 0 0 0]

Slabbing mill plant(s) 1060 2113 2240

Hot strip mill(s) 1000 2833 2833

Total energy/1000 kg coil 32959
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Country Plant Material Specific  Energy
site input energy

kg MI/1000 kg MJT

MEXICO 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) 1000 3424 3424

Total energy/1000 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 differences in each step of the production route. This is
in line with the survey sheets received, so it 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 calculated summary sheets in Table 6.1.2,

The main characteristics and differences in each process step.are:
Coke oven plant(s)

= Ape and state of maintenance of the batteries

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

- The amount of CO gas for other use

- Coal/coke yield

(No) benzene plant

{No) coke dry quenching

(No) other energy recovery

Sintering plant(s)
- Ratlo ignition 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 (0il)/solid fuel (also no solid fuel)

Remarlc:

In the results of the survey (Table 6.1.2) 1f pellets are purchased
the IISI standard for net consumption of pellet plants is used: 1255
MJ/tenne pellets.

Blast furnace plant(s)

- 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 furnaces
-~ (No) recovered energy
BOF: - (No) fuel consumption hot metal car ete.

=~ Oxygen consumption

(No) BOF converter gas recovery or other recovered energy

Remarks:

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

b. OH however does not require such a high pig iron input as in the
BOF process. That means a lower energy content per tonne hot

rolled coil (Pig iron production requires a lot of energy!)




- 33 ~

c. In the case of BOF the net energy consumption may even be negative

by recovery of the BOF converter gas.

Slab production

- Milling vs. caesting 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 specific energy consump-
tion compared with slabbing milis

b. The material efficlency 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. S1lab casting needs a gomewhat higher pig iron content Iin steel
making, which hag 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, in comparison with the
information in Table 6.1.1 and 6.1.3. Nevertheless, even in this
plant energy saving measures can be taken in different stages of the
reference plant, some of which are already implemented at the sitesg
of selected countries. The figures im 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 1000 kg hot rolled coil. These figures has also
been calculated (Table 6.1.3) for the cumulative energy consumption
for 1000 kg intermediate products up to and iacluding 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 l.6 17.0 14.0 15.2 17.5
Japan-1 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-1l 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-l 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 10.1 2.1 33.5 36.3 30.9 35.6

Table 6.1.3.: Energy consumption for 1000 kg intermediate product,

sites in selected countries

6.2. Comparison between inquiry results and reference plant figures

The energy consumptions and the material flow from the survey results
can be compared with the figures for the reference plant.

In this paper only the decrgase 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 ineludes 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 L00% BOF Energy saving
Site 100% CC total
MJ/1000 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-1 23.7 22.5 -5.1
United Kingdom—2 25.8 22.2 ~14.0
8 Czechoslovakia-1 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%Z 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/1000 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 conserva-
tion:

— Increase in scale of the individual production units

- Improvements in operational efficiencies

Applied process technology

Waste heat utilization

|

More efficient production of secondary energy carriers

Specific differences arise because of the local (energy) situation in
a countty. For a consistent and valid prognosis of the future energy
consumpticn 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 unreliable figures, due to the
unclear boundaries of the observed systems and the factors already
mentioned. The results of the so called Roll~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 experience 1t 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 ievel 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 recommended,
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 (Internationmal 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 indivect infermation
with respect to the actual production and energy consumption of the
separate plants.

To solve this problem of sysiem 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 Francgaise
(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 Lo 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 het rolled
coil. For application a proper documentation and a standardised
calculation method 1s 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

1. The energy consumption of every step (department) of the inte-
grated production route(s) of a production site has to be 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 to be 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% self supporting of own coke will be assumed.

Calorific values

1. Main priunciple 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 (0Z 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 taken.

4. The same has to be 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% H,0) 31.4 MI/kg or GJ/t
Coke " " 30.5 "
Breeze " " 27.2 "
Tar 36.0 "
Raw benzene, oil, petrol/gascil 41.9 "
Propane/butane 46.9 "
Electricity 10.5 MJ/kWh
Oxygen 7.8 MJ/m3n
Compressed air 1.3 MJ/m>n
Steam 3.6 MI/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 s0 called wharf coke:
colke 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 to be done with sinter (output sinter plant(s))
respectively bell pellets.

Every sheet déscribes the energy balance of one department {step)

of the integrated production route of the site concerned.

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

plant.

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

use) in direct relation to the plant{s) and mainly necessary for

the function of the plant(s)

The sheets are divided into a left and into a right part. In the

left part the consumption of 21l kinds of energy must be noted.

The right part belongs to all productions of energy.
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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
which is part of the own energy production will not be noted in
the left side of the sheet., This will be noted in the middle part
of the given sheet, if asked. 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 right
part of the sheet, is the C0-gasproduction of the plant minus the
CO-gas consumption of the plant and other use.

In the sheets no. 2, 5 and 6 the net CO-, BF-gas and converter gas
production is asked. This means before flare losses.

All 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 1 to 10 give detailed information of each

step in the production route. Related to 1000 kg end product e.g. hot

ralled 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) 490 4536 2221
Sinter plant(s) 1113 1707 1899
Pellet purchased 445 1255 559
Blast furnace plant(s) 895 11791 10553
Basic oxygen plant(s) 1084 =22 -24
Open hearth plant(s) 0 0 0
Cont.casting machine(s) 811 247 200
Slabbing mill plant(s) 216 758 164
Hot strip mill(s) 1000 1931 1931
Total energy/1000 kg Coil 17502

Derived from IISI figures

Table Al.: Energy consumption of the reference plant IISI
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Energy Consumption Steel Process

Country: iSite Nr.: J19,.|

[ COKE OVENS PLANT(S)]

wharf coke (dr&)

bell coke (dry)

MATERIAL FLOW

[sINTER PLANT(ES]

Sy
s [

bell sinter

lEEPLET PLANT(S)[

UNIT

BLAST FURNACE(S)

c* corresponds to positiom on Coke Oven Plant sheet
5% corresponds to position on Sinter Plant sheet
P* corresponds to position on Pellet Plant sheet

C,5,F correspond to position on Blast Furnace sheet

Original Source ATS

1000 kg
PIG IRON

o [ ]
]

_g‘l7_"

bell pellet
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Energy Consumption Steel Process

ICountry: ISite Nr.: |19..|

_.917..

1 coking coals, including CO0 gas (incl.
| kg/t|=r Mi/t} COKES MI/t
petroleum coke, coke breeze flares)
OVENS
. ==ll== UNIT ot
1 BF gas, natural gas 7 I .
MI/t i MJ/tI—— 1000 kg dry
L. (used for under firing) Wharf COKE MI/t
recovered emnergy
MI/t
oil
MJ/¢
EEEE—— oils
MI/t benzole
L 1 . MIft
 EEEERE——— steam
MI/t | tar
I | OTHER MI/t
<] other energies (compr. air,
MI/t steam
Nt dad LPG, etc.) MI/¢t
electric power other energies
B mi/e)=| Kih/t [— USE MI/t MI/t
compressed air,
I—-—-——-——Loxygen _ water ...
| MJ/tf = w3/t :
: COKE OVEN PLANT(S)
Origin External
external destination
Jinput] | 11/t MI/t Joutput | | MI/t

NET CONSUMPTION

C* corresponds to position on sheet 1
Original Source ATS
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Energy Consumption Steel Process

[Country: ISite Nr.: |19..|

ore

r————-—-——1iignition fuels: BF, CO,

L,_________J converter, natural gas, olls

__r———————-——1;4911d fuels: dry coke, dry

L__________J breeze, BF flue dust

r-*——*————-1_other fuels, light oil, LPG
| MJ/tI

=1 other energies (steam, compr.
MI/t
M| air, etc.)

L_electric power

uﬁck[ﬁ kWh/¢ |

OTHER

USE

recovered energy

[ ;] °¥ygen
1 MJ/tI =

Origin
external

SINTER PLANT(S)

IInp;;] [__ MJ/gl

§%* gorresponds to position on sheet 1

Original Source ATS

== UNIT s*
1000 kg (Fe = 2)

SINTER

kWh/t]=

steam, hot water

other snergies

MI/t

NET CONSUMPTION

MI/t
compressed air
WAter ...
External
destination
}
tOutput] MJ/tI_

_Lv_.



WORLD ENERGY CONFERENCE

Energy Consumption Steel Process

[E;hntry: |Site Nr.: |191:J

ore

0 ignition fuels: BF, CO,
MI/t

L————ﬁﬁ————J_Eonverter, natural gas, oils

r-————ﬁj——1 golid fuels: dry coke, dry

/t
L " yreeze, BF flue dust

1 other fuels, light oil, LPG
MI/t

| I
| am———— other energies (steam, compr.
MI/t

L———————-—I_air, etc.)

ielectric power

1 MJ/t|=r ith/t |~

kg/t
PELLET
PLANT
recovered energy
OTHER
USE

] Wi/t oxyEen -| w3/t

Origin
external

PELLET PLANT(S)

UNIT P*

1000 kg (Fe = z)
PELLET
kWh/tl= l MJ/tl—

steam, hot water

MI/t

 other energies
——% MJ/tP—
compressed air

water <..

External
destination

MI/t

lInputi[AAﬁ MJ/E}

P* corresponds to position on sheet 1

Original Source ATS

NET CONSUMPTION

A{Outputl[ggi MJ/tJ

_817_



WORLD ENERGY CONFERENCE bell(P) bell
bell(S) pellet pellet

Energy Counsumption Steel Process sinter produced purchased ore scraﬁ
N | e o ™
Country: 'Site Nr.: I 19. . ] l [ l I l
= bell coke dry (C) 1
kg/c|= MI/t — { kWh/t = MI/t
[ ;] ©Xygen 3 BLAST TURBINE BF gas (incl.
MI/t = m2/t } MJ/tl—
L' FURNACE flares)
r—~——————-—14}nject. {(oil, coal, tar, gas)
1 MJ/tI - = bad UNIT
[ 8as (CO, converter, natural) 1000 kg
M1/t —L*M.J/t'—— hot + cold
S | STOVES PTG IRON

[ °Xygen 3
M/t =I m /tl— - ' recovered energy ~
| | E M/t I—

electric power
| wi/ef=[ kih/ ¢ |- MI/t
BELOWER
]——---———-Lother energiles
I MJ/tI -
CC gas, natural gas, coal : steam :
_Il MJ/tII d d BOILERH M1/t | MI/t
lectric power
I - S || -
{ ui/el=| kivh/t | oTHER — wm/e]= ] M1/t
[T °%vsen 3 BF flue dust
MI/t = m?/t Mi/t MI/t
L USE
 E—— other energies (compr., air, other energies
MI/t —f MJ/t'—
LV Gater, 15G, etc.) BLAST FURNACE PLANT(S)
Origin External
external destination
Input M.T/tl MI/t [Out ut MJ/t
i 1 p

..617_

NET CONSUMPTION

(C,5,P) correspond to position on sheet 1

Original Source ATS




WORLD ENERGY CONFERENCE

liquid cold steel ore
Energy Consumption Steel Process iron iron scrap
fCountry: ISite Nr.: |19. . | I T I I I I | | r T _l ka/t

|

electric power

converter gas

kWh/t%

I—l ORygen
MI/t yg

| IRl I

"1 other energies: fuel, gases
MI/t

L steam, compr. alr, water ...

Origin
external

IInputlI MJ/t}—

Original Source ATS

MI/t
BASIC
OXYGEN UNIT
CON— 1000 kg
VERTER LIQUID STEEL
to ingot casting
%
4
to continuous
casting
recovered energy
MI/t
OTHER steam, hot water
USE recovered energy
MJ/t
— incl. other
IRON other energies:
MI/t
MIXER steam, compr.
air, water ...
STEEL MAKING PLANT(S)
I BASIC OXYGEN
External
destination
MI/t iOutpuE]] MI/t

NET CONSUMPTION

_Og._



WORLD ENERGY CONFERENCE

liquid cold steel ore
Energy Consumption Steel Process iron iron scrap
kg/t
[Eownery: [siee e oo ] BN | EN | —
UNIT
=] solid fuels: coke, breeze
Mi/t OPEN 1000 kg
L coals, oils BF, €0, natural ==== =|LIQUID STEEL
gas etc.
HEARTH to Ingot casting
lectric power %
[ - 1€
—] Mi/ef={ Kh/t | FURNACE -
;] °xygen
[ MJ/tl = — to continuous
casting
recovered energy
MI/t
steam, hot water
recovered energy
r——————-———liother energies: fuel, gases i MJ/t}—
| MJ/t[ — OTHER other
steam, compr. air, water ...
USE other energies:
—} MJ/t'—
steam, compr.
air, water ...
STEEL MAKING PLANT(S)
OPEN HEARTH
Origin External
external destination
IInputl] MJ/t{ Mi/t {gytpuz][_ MI/t

Original Source ATS

NET CONSUMPTION

¢ -




WORLD ENERGY CONFERENCE
liquid

Energy Consumption Steel Process steel

kg/t
Country: Site Nr.: Il9,_|

r—-—-—-—-———l fuels
| M._T/t]
7 other energies: compr. air, CONT.
I MJ/t]
LPG, water ...
CASTING
S===== == UNIT
] electric power 1000 kg
MI/t|= ki /c | MACHINE SLABS
;] °xvgen _
I M/t = m3/c
recovered energy
MI/t
other energies
MI/t
CONTINUOUS CASTING MACHINE(S)
Origin External
external destination
JInputI[ MJ/tI Mi/t {9utput|| MI/t

NET CONSUMPTION

excluding slab descaling

Original Source ATS




WORLD ENERGY CONFERENCE

Energy Consumption Steel Process

[99untry: Site Nr.:

2]

other energies

recovered

MI/t

 —— fuels: CO gas, BF gas, oil
I M.J/t[ .
natural gas ...

MJ?E]=

kWb /¢t |

SO0AKTING
PITS energies

[}

UNIT
1000 kg

M3/t

SLABS

<————--;—-—1 fuels
M.I/t|

L M/

- other energies
M1/ .

Lelectric power
|

SLABBING MILL(S)

External
destination

| =
[ w/t)=| kWh/t
/] °%ygen
i MJ/tl £
Origin
external
[Inputl MJ/E}

Original Source ATS

Mi/t {ggfpdz]

MI/t

NET CONSUMPTION

excluding slab descaling

_.Eg_




WORLD ENERGY CONFERENCE

Energy Consumption Steel Process

Country:

,Site Nr.: 19..

rﬂ~————————1_fuels
] MJ/tJ

751 °*vygen
1 MJ/tI =

[—————— fuels, GO BF,
MI/t

m3/t

caonverter

R natural gas, o

il ...

electrie power

—{__ nﬁtk, kmﬂq

~——————-———L_fuels
MJ/tl

other energies
MI/t

A

electric power

MJ/t|= kﬂh/t}

Origin
external

. [_.__,_,_MJ_/t_I oxXygen -

lInput{I

w3/t

MJ/tf—

Original Source ATS

slahb
kg/t _
Sheet 10
C_
cold hot
[ wwel- [ wrl
DESCALING l other recovered
MI/t
energy
REHEATING recovered energy
FURNACE MI/t
steam, hot water
STRIP
MILL == == UNIT
1000 kg
COILS
OTHER
other energies
USE MI/t
HOT STRIP MILL(S)
External
destination
MI/t EOutputll MI/t

NET CONSUMPTION

_vg_




WORLD ENERGY CONFERENCE

Energy Consumption Steel Process

Country:

site Nr.  [19..]

[COKE OVEN PLANT(ES]

[sINTER PLANT(SS]

[eheet

2| [

3 |

l?ELLET PLANT(ES]

|iheet

o L

{PLAST FURNACE(S)}-————————J

lBO PLANT(S)I

{IRON}

[ou PLANT(S)'
'STEEL}

[CONT. CASTING MACHINE(ES]

[§heet

5| |

ISLABSL

sheet 6] [ M| = | kg|
sheet 7| MJ/tI * kgl
[sheet 8] [ mi/ef * | kg
|sLaBBING MILL PLANT(S) | [sheet 9] [ ] * | ke ]
[sheet 0] | mi/e] | 1000 kg]

[EOT STRIP MILL(S)I

C,5,P correspond to position on sheet 1

Original Source ATS
85/686~ww

TOTAL CONSUMPTION

1000 kg colls:

My

_gg_




_56._




Overzicht van verschenen ESC-~rapporten

Onderstaande publikaties zijn, indien in voorraad, verkrijgbaar bij:

ESC~ 1

ESC- 2
ESC~ 3

ESC- 4

ESC~ 5

ESC-
ESC~
ESC-

[ws] =1 oW

ESC-

ESC- 9
ESC-10
ESC-11
ESC-12
ESC-13
ESC-14

E3C-15

ESC-16

ESC-17
ESC-18
ESC~19
ESC~20
ESC-21

ESC-22

Secretariaat ESC
Postbus 1

1755 ZG PETTEN
tel. 02246 ~ L4347

Vooratel gecodrdineerd onderzoekprogramma energie-opslag in
vliegwielen

Projectvoorbereidingsgroep "Vliegwielen”
Rookgasontzwaveling {alleen bij biblotheek ECN te leen)
Introductie scenario's zonnehoilers

Energetische en economische gevolgen van de introductie van
zonneboilers en andere verbeterde warmwaterapparatuur in
Nederland

0il substitution in the Netherlands

A case of "negetive 0il substitution"

Energiebesparing, hoe is het mogelijk?

Een sociaal-psychologisch onderzoek naar de bevordering van
energiebesparing door gedragsbeinvlioeding bij
gezinshuishoudingen (alleen bij bibliotheek ECN te leen)
Energiebesparing, hoe is het mogelijk? (Samenvatting: SAM)
Huidige en toekomstige stoomketelecapaciteit in Nederland
Energiegebruik van industriesectoren in relatie tot econo-
mische karakteristieken peiljaar 1977

De lasten en baten van de openbare elektriciteitsvoorziening
in Nederland - waarin opgenomen de hilstorische kosten van
kernenergie

Kolen als industrigle brandstof

Bestrijding van S0,~ en NO_-emissie bij steenkoslverbruik
Kolengestookte ketelinstalfaties

Steenkoolas

Chemie en Kolen

Optimale kapaclteit van warmtepompsystemen voor kollektieve
ruimteverwarming

De werkgelegenheidseffecten van het Nationaal Isoclatie
Programma (alleen bij bibliotheek ECN te leen)
Energiebesparing Gebouwde Omgeving;

Een technische en economische vergelijking van besparings-
mogelijkheden in de gebouwde omgeving

Beschrijving van SELPE, een model van de Nederlandse
Energievoorziening (herziene versie: ESC-WR-85-01)

Energie uit Maas en Rijn; een systematische analyse
Stoomketelvervanging in Rijnmond

Energiebesparing in gezinshuishoudingen: Attitudes, normen en
gedragingen, een landelijk onderzosk

Industrieel proceswarmiegebruik in relatie tot het tempera-
fuurniveau

Integrale Energiescenario's en Modellen voor Nederland door
de Werkgroep Integrale Energie Scenario's



E3C~23

ESC-24
ESC-25

ESC-26

ESC~27
ESC-28

ESC-29

ESC~30

ESC-31
ESC-32
ESC-33

ESC-3Y4
ESC-35
ESC-36
ESC-37

ESC-38

_ii_.

De energievoorziening in de vier MDE-scenaric's gebaseerc op
berekeningen met het energiemodel SELPE

Warmte/kracht koppeling en energiecentra
Brandstofverbruikende installaties bij de Nederlandse
industrie; Een kwantitatief overzicht

De beleving van risico's

Een landelijk onderzoek naar verondersatellingen, attitudes,
normen en gedragingen met betrekking tot het opwekken van
elektriciteit met kolen, uraan en wind

Kostprijs van enige energietechnieken

De mogelijkheden van in-situ vergassing van steenkool in
Nederland

Het EZ-Referentiescenario 1984 = Enige berekeningen met het
energiemodel SELPE

Optimale strategie&n voor de bestrijding van zure regen
veroorzakende S0.- en NO_—emissies; Gebaseerd op
berekeningen met SELPE

Nieuwe energiebronnen in Japan - Opzet en uitvoering van
energieconderzoekprogramma's

Na-isolatie, werkgelegenheid en besparingen in het Noorden
des Lands - Analyse en evaluatie

Symposiumverslag

Nutsbedrijven - nieuwe stiji: Meer innovatie?

Individuele ocrdelen over technologische vernleuwingen
Voorstudies t.b.v. het project "Publiek en technologische
innovaties®

Grootschalige energieopwekking in de industrie

Opties voor stoomproduktie 1990 tot 2000

Gevoeligheid van de rentabiliteit

Investeren in energiekostenbesparing

Een onderzoek naar de leverantie door het

Nederlandse bedrijfsleven

Buurtgerichte voorlichting over energiebesparing

Een evaluatie-onderzoek naar de invlced van sociale netwerken
op het voorlichtingsproces - Eindrapport

Energy consumption for steel production

An example of energy accounting




