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Abstract: The casting industry in Iran is one the most energy consumer industries. According to the national
statistics it consumes 33.6% of the produced electricity where 50-80 percent of that contributes in melting
process. Therefore if we could able to preheat scrap to a suitable temperature, then the energy saving can be
achieved in melting furnaces. The results of recent studies show that the preheating of scrap up to 400-500°¢
reduces the energy demand by 30-60 KW per each ton produced steel. In this paper after reviewing the current
methods of preheating scrap in arc electric furnaces (AEFs), an emerging technology of solar furnace called
tower reflector (TR), is described. Here, the results of feasibility study of the purposed technology for
implementation in the Iran Alloy Steel Company (IASC),as a case study briefly is discussed. The results show
that the preheating of scrap to a temperature of 500 °* leads to an energy saving of 400 GJ/ hour. Along the same
lines, regarding capital and running cost, it would last less than five years to pay back the investment.
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1. Introduction

Nowadays, EAFs are the common
technology for producing the steel which plays
a key role in the world’s production. Between
the1970s and1990s, the world steel production
was 175 million tons in which 75% of that was
produced by EAFs[1]. There are many factors
which have involved in this production such
as; innovation in technology, traditional cost
of scrap, energy cost, the demand for
production of low quality steel for
manufacturing and construction[2]. It is
predicted that EAFs even until 2020 will
provide 60% of the world’s steel production.

In comparison with the other furnaces, the
process of production in an EAF has a few
stages. Raw materials such as coke should be
prepared and iron plate should be produced
before an operator starts to charge the furnace.
The EAFs convert the raw charge into molten
steel by using an adequate amount of
electricity. Isolated slag and molten steel is
transferred into the bucket and then, good
quality steel alloys are produced by adding
some materials. During this process, steel is
entered into the bloom billet and could be
converted to the final product by hot rolling.
Figure (1) shows a typical EAF

2. Common technology for scrap

preheating in EAF's

Many tasks have been taken in order to
increase the efficiency of EAFs, decrease the
energy consumption, and also increasing the
productivity. Experiences show that more than
60% of total energy is used to deliver the steel
to its melting point (1150°%). From previously
conducted studies, it is evident that when the
scrap is preheated to 500°Cit leads to a
considerable amount of energy saving [3].

By developing the preheating scrap
furnaces of BOC Gaser Company, an energy
saving of 4.5 KWh/m’ of the consumed
Oxygen is achieved in an EAF[4]. Furnace is

working with the flue gases from the EAF as
illustrated in Fig.(2).

In the Consteel preheating scrap furnaces,
as illustrated in Fig.(3) the scrap is passed
through a channel by conveyor belt and after
being heated by flue gases is entered to the
EAF. Jones showed that by using this
preheating furnace, not only an energy saving
is achieved but also 40% of emissions and
33% of electrode consumption are decreased
[5]. Moreover, a study claimed that by
applying this preheating method, the
consumed electricity is declined by 300 to 350
KWh per each tone of steel production [6].

Developing the Fuchs axial furnaces have
caused that the electricity consumption
decreased 90 to 110 KWh per each ton of steel
production. In addition, electrode consumption
and emissions declined by 20% and 25%,
respectively [7]. Axial furnaces have been one
of the advanced technologies for scrap
preheating. Generally, this type of preheating
furnace as illustrated in Fig. (4), is installed at
the top of EAF in which the flue gases flowing
from molten region to up and pass from the
scrap for next charge of EAF.

One of the common methods to preheat
scrap which have been recently invented is the
double shell preheating furnace [8]. In this
furnace as indicated in Fig. 5, steel is produced
in one part of the furnace while the other part
is charged by scrap. In the shell, flue gases
released from the melting process go through
the scrap to recharge the furnace. According to
the report of Nippon industry [8], by using this
furnace at a preheating temperature of 900 °C,
energy consumption could be decreased by
260 KWh per each ton of produced steel

Ignoring the source of supplying the energy
need for preheating, all the common
technologies at a normal preheating
temperature of 250 and 500 °C, they need an
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extra energy and as a result they need high
capital cost. Despite, the low preheating
temperature without extra energy and using an
environmental friendly way, preheating of
scrap is possible by utilizing a solar
technology. In this paper for achievement of
an optimum preheating temperature, a
feasibility study is carried out to utilizing a
solar preheating furnace at IASC.

3. Solar technology to preheat scrap in

EAFs

Till yet, none effective task has been made
for utilizing solar energy as a heat source to
preheat scrap in EAFs. Perhaps, the main
reason may be related to the low efficiency of
energy conversion in solar technologies. Solar
concentrators and heliostats in solar power
plants with central receiver are the key factors
affected the energy conversion efficiency.
Generally, these optical equipment cause an
energy loss about40%to 60% and their cost is
about 30% to 50% of the capital cost of solar
system.

Improving the concentrators and
modification of the production process are one
of the approaches to decrease the cost of solar
energy. Despite to reduction of the
manufacturing cost of heliostats, the cost of
energy production has not considerably
decreased. The other approach is increasing
the solar system efficiency by optimizing the
radiant power on the surface of heliostats. The
Visaman Research Center by using the recent
approach has made more attempts to develop a
solar conversion system with high efficiency

[9].

More serious efforts have been done at the
Dead Sea Works Ltd in the 1995 [10]. This
company by utilizing the solar energy
proceeded direct melting of Potassium and
producing electricity, simultaneously. In the
1999, the PSI Research Center constructed a
400 KW solar furnace in order to use in the

thermo-chemical researches. This furnace
consists of a heliostat with single axis of
rotation and an incidence area of 120 m*and a
concentrator with an aperture diameter of 8.5
m[11].

4. Solar radiation in Yazd
Yazd (Latitude 32°N and longitude
54°E) is located in the southeast of Iran.
Yazd has a dry and desert climate. This city
is sunny in most days of year and average
daily insolation is more than 6 KWh/m’on
a horizontal surface. The day light hours in
this city varies between 10 and 14 hours in
a day. Average daily insolation varies
between 4.4 and 9.6 KWh/m>. Therefore,
yazd has a high potential for capturing of
solar energy appreciate for  high

temperature applications.

Average daily and monthly solar
irradiation on a horizontal surface is shown
in the Table 1. Monthly solar insolation in
this city is also shown in Fig.(6) in terms of
MWh/m®. In order to determine the solar
insolation on the surface of heliostats, solar
irradiation in different tracking modes is
estimated and results plotted in Fig.(7). A
careful examination of Fig. 7 it reveals that
the maximum insolation is nearly 3.5
Mwh/m” and achieved for tracking mode 5
(a tracking mode with two perpendicular
axes of rotation).

5. Iran Alloy Steel Company (IASC)

IASC has been operated since 2000 in
Yazd. This company is one of the major
exporters of alloy steel in various sections.
The nominal annual capacity of production
is 0.2 million tons of steel while, the
scrap’s consumption is 0.25 million tons.
Melting unit of this company is comprised
two EAFs with a capacity of 20 tons and a
power rate 36 MW for each. The
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characteristics of EAFs wused in this
company are summarized in Table (2).

6. Basic Solar Technology Proposed for

Preheating Scrap

Proposed approach for preheating scrap
named tower reflector which is shown in Fig.
(8). Main idea came from the innovations of
the Dead Sea Work Ltd and experiences of the
[9] with regarding to the design of the solar
power plant with central receiver. The main
components of this preheating durance are the
fields of heliostats around a solar tower, a
convex reflector, as a secondary concentrator
which is located on the top of the scrap bucket.
Reflector can be a mirror or a light filter that in
later it transmits a part of solar light and the
remains is reflected at the solar spectrum.

In the proposed system, the process of
preheating is designed on the base of direct
solar radiation. Preheating the scrap by this
way has two advantages; firstly, it is provided
from a free and clean source of energy.
Secondly, it prevents environmental pollution.
Therefore, the proposed technology has a high
potential for producing thermal energy at a
relatively high capacity. It is planned, the
preheating capacity has been set at 0.25
million tons of scrap (annual consumption of
IASC). The average preheating capacity is 75
ton/h and the thermal capacity of pre-heaters is
9 MW. Because of variations of daily solar
insolation in Yazd, the rate of scrap preheating
varies in the range of 30 to 80 ton/h.

As illustrated in Fig.(8), bucket of scrap is
made of carbon steel and consists of a
hydraulic door for discharging of hot scrap.
The capacity of the bucket is about 50 tons of
scrap. The preheating process is only done in
the sunny hours of the day (almost 4600 hours
a year in the city of Yazd). During this
process, scrap continuously flow into the next

step of production process with a rate of 57
ton/h.

In the proposed technology, light field
consists of 290 heliostats with a surface area of
36 m® for each and they are arranged in a
terrain with an area of 1.2 hectare. Tower
height is about 71.5 m and a convex mirror
with an aperture area of 61 m” is located on the
top of the tower. Square meter of reflection is
put on the top of it. In order to increase the
solar absorption and decrease the radiation
dispersion, the bucket is constructed from 8
cluster shape that could provide a uniform heat
for scrap preheating.

7. Optimization of Design and
Characteristics of the Final Proposed
System

Solar preheating scrap which has been
described above includes the heliostats that are
located in the northern region of the field,
while, other system components are located in
the southern region of the field. Some
arrangements are predicted for controlling the
sun tracking of heliostats and a water fall
system is provided for cleaning the dust from
heliostats’ surface since Yazd is located in a
desert region.

The estimated cost was attained from the
available internal and external resources after
completing the calculation and designing the
system’s components. Then, all the calculation
should be repeated and thereafter the technical
and economic plan should be designed. The
results for scrap preheating at a conventional
temperature of 500°Care given in Table
4.0Optimization is based on minimizing the
cost and increasing the solar efficiency (Segal
and Epstein, 2000).
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8. Techno-economic Assessment of the Plan

The finical estimation for construction
based on materials and optical equipment cost
was performed in October of 2009. The results
are summarized in Table (5). All the costs are
estimated based on the vendors and contractors
offers and the cost value for electricity
production according to the national report
assumed to be 2 cent/KW. Employ
engineering and manpower cost are 15% of the
total cost and unpredictable cost is assumed to
be 15%. Exchange rate based on a rate of
11000 Rials/US$. Total cost of the plan as
shown in Table (5), is estimated 3.8 MUSS. A
summary of techno-economic indexes for the
optimum design of proposed system are given
Table (6).

9. Conclusion

In this study for reduction of energy
consumption and environmental impacts, a
solar preheating technology by using a
reflector tower was proposed. This preheating
system is designed for obtaining temperature
of 500°“with a capacity of 0.25 million tons of
scrap per year. The results show that for
implementation of technology in melting unit
of IASC need a capital cost of 3.8 MUSS$. By
applying this method energy consumption is
decreased by 40 GWh/per year and as a result
annually almost 0.8 MUS$ would be saved in
energy cost. It is estimated that after five years
the investment plan cost will be repaid.
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Table 1: Solar data for Yazd [4]

a) Furnace

Type EA

Capacity 40 tons

No. of charges 15 per day

Energy consumption 25.5 MWh per charge

Total Energy 607 MWh/ton of
consumption product
b) Scrap

Consumption 741 tons per day

49.4 per charge

¢) Melting unit

Daily steel production 630 tons

daily Energy 382.5 MWh
consumption

Table (3): The characteristics of optimum plan
for scrap preheating up to 500°¢

Design Parameters: Value
Annual Capacity of scrap 0.25 million
for preheating: ton/year
Preheating rate 57 ton/h
Input electrical power SMW
Optical Characteristics:
Surface area of heliostats 10440 m”
Array and density of 042N
heliostats field:
Aperture area of reflector 61 m”
Effective diameter of 43 m

reflector:

Height of the reflector

71.5 m above
ground level

Focal length of tower 75
reflector:

Reflected radiation power 10MW

of reflector

Maximum irradiation on 164KW/m”

reflector

Total optical efficiency 95%

Month of Aver.age c.lai.ly Mpnthly .solar

solar irradiation insolation

year (W/m?) (MJ/m?)
Jan. 3184 371.4
Feb. 404.2 456.9
March 408.8 548.9
April 485.8 680.3
May 548.2 838.7
June 601.1 913.2
July 5943 920.0
Aug. 587.8 865.5
Sept. 569.3 756.3
Oct. 473.2 603.0
Nov. 357.1 408.8
Dec. 313.6 357.9
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Table (4): Construction cost for solar scrap

preheating up to 500 °C

Table (5): Indexes for techno-economic
assessment estimation of the solar scrap

Item . Cost
o, Cost details (1000US$)
1 Optical equipment
Heliostats 1280
Refelector 25
Tower 875
Sum 2180
Operational cost
Construction 810
2 Control devices | Included in item
No. 1
Insulation 7
Electrical 13
engineering
sum 830
3 Employ 300
engineering and
manpower
4 Unpredictable cost | 500
5 Total cost 3810

preheating
Parameter Value

Specific energy consumption( per
each kg of the Production)

required Energy for 814 Kj/Kg
preheating up to melting point

energy required for | 280 Kj/Kg
melting

Energy required for super | 41  Kj/Kg
heating the melt

Total 1135 Kj/Kg
Energy conversion efficiency

Melting unit 51.9%

EAF 16.6%
Preheating the scrap

Preheating temperature 500°C

Sensible heat of the | 252 Kj/Kg
preheated scrap

Net energy saving for | 119Kj/Kg
preheating

Energy saving in | 31%
percentage
Economic assessment

Cost value of produced | 2 Cent/KW
electricity

Specific energy saving 188 KWh/ton

Annual electricity saving 39720

MWh/year
Daily benefit value 2345 US$/day
Annual energy reserved 0.79
MUSS$/year
Investment Payback period | Less than 5

years




