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Abstract 
The Midrex office space has been designed for a collaborative environmental work, with an open floor plan 
and numerous meeting rooms and areas for discussion. PERED® Direct reduction technology is the new 
technology in the world. Iran developed PERED® direct reduction technology for decreasing capital cost and 
energy saving. Iron oxide pellets are reduced in the shaft furnace. Top gas return from furnace after cleaning 
in scrubber is divided into fuel and process gas. Process and natural gas are mixed together (feed gas) after 
preheat in heat recovery system. Reducing gas is generated in the reformer by reacting methane (CH4) with 
water vapor (H2O) and recycled carbon dioxide (CO2) in reformer tube. Flue gas is produced due to 
combustion of gases in the reformer box. Some changes and improvement in equipment have been done. 
Reformer tubes changed from 8 to 10 inch and reformer box volume is decreased. Process and seal gas 
compressors are changed from Aerzen rotary lobe type to centrifugal Siemens type. Shaft furnace has a new 
design and internal furnace diameter is variable in terms of furnace diameter. China hat equipment replaced 
upper cluster breaker. Elimination of upper cluster breaker is done without any problem for movement of 
material in the furnace. It is affirm that it does not create any cluster in PERED® technology. Tube bundles 
arrangement is developed and one steam tube bundle is increased. 
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INTRODUCTION 
According to a meeting in December 2015, more 

than 195 countries reached a consensus to minimize 
carbon dioxide emissions to keep the global warming to 
lower than 2°C above pre-industrial level (Johannesson 
2017). First reliable global measurements of 
temperature from NASA are presented in Fig. 1. 

The Midrex process was started in 1966 when 
Donald Beggs of the Surface Combustion Corporation 
came up with an idea to decrease the Midrex process 
directly. The Midland-Ross Co. contributed to the 
growth of the original process that was later became 
Midrex Technologies, Inc. HYL process to decrease 
iron ore directly was the fruition of research efforts 

initiated by Hojalata y L.mina, S.A. (later known as 
Hylsa), at the beginning of the 1950s. The design of four 
plants of PERED® technologies (Persian Direct 
Reduction), began in 2007 in Iran. Every plant capacity 
is 800,000 Ton DRI per year. The PERED® 
technologies started producing for the first time in the 
world, in Iran in 2017.  

As reported by MIDREX®, total world DRI 
production in 2017 was 87.1% Mt. It included 
MIDREX® 64.8%, HYL/Energiron 16.9%, Other Gas 
0.7% and Rotary Kiln, Coal-based 17.6% (CDRI, HBI 
and HDRI are 67.88, 8.16, 11.06, respectively). It has 
been reported that Iran successfully produced over 20.5 
million tons of DRI in 2017. 



 
 
Mohsenzadeh et al. 
 

 
960  Ekoloji 27(106): 959-967 (2018) 
 

In other words, Iran has produced 4.5 million tons 
more in comparison with the previous year largely 
because of running new plants. As indicated by 
MIDREX® report, DRI production was maximized 
largely by Iran and India. It has been reported that 20.5 
million tons of DRI/HBI in 2017, up by 28.3% year-on-
year was produced by Iran (anonymous, 2017). With a 
total output of 21.72 million tons, up by 21.4% year-on-
year Iran came to be the 13th largest steelmaker country 
in the world in 2017. Therefore, to save energy and 
decrease capital cost, PERED® technology was designed 
for 800,000 tons of DRI per year. 

The overall schematic of PERED® technology is 
shown in Fig. 2 where top gas returns from furnace to 
scrubber for cleaning and decreasing water content in 
process gas. To increase the top gas scrubber capacity, 
mist gas eliminator is released from the inside of top gas 
scrubber. One third of top gas is allocated for fuel gas 
and two third is used for process gas. Process gas is 
compressed by compressors and then mixed with 
natural gas preheats. Preheat feed gas is feed to reformer 
tubes. 

Mittel indicated that pellets are reduced with CO 
and H2 (Mittel 2015).  

 𝐹𝐹𝐹𝐹2𝑂𝑂3 +  3𝐶𝐶𝑂𝑂 → 2𝐹𝐹𝐹𝐹 + 3𝐶𝐶𝑂𝑂2 (1) 
 𝐹𝐹𝐹𝐹2𝑂𝑂3 +  3𝐻𝐻2  → 2𝐹𝐹𝐹𝐹 + 3𝐻𝐻2𝑂𝑂  

Reforming reactions occur simultaneously with 
endothermic reactions. Heat of reforming reactions is 

prepared with combustion of natural gas and fuel gas in 
the reformer box. Atsushi et al. considered the 
reforming reactions as below (Atsushi et al. 2010). 

CH4+ H2O → CO +3H2 

CH4 +CO2 → 2CO +2H2 

2CH4 + O2 → 2CO + 4H2  

CO +H2O → CO2 + H2               (2) 

CH4 → C(s) + 2H2  

CO + C → CO2 

Plant has the flexibility to produce reduced gases 
with variable H2/CO ratio with high pressure. 

METHODOLOGY 
PERED® has innovations or claims as follows: 

The first and important innovation is emitting the 
upper cluster breaker with respect to MIDREX®. 

PERED Technology do not Need Cluster 
Breaker 

Material movement inside the furnace is shown in 
Fig. 3. It is possible to handle the ores like granular 
substances; hence, Janssen equation, which is typically 
used for determining pressure distribution in the 
furnace, can be applied to determine the Vertical 
pressure.  

 𝛿𝛿𝑣𝑣 =
𝛾𝛾𝛾𝛾

2𝜇𝜇𝜔𝜔𝐾𝐾
 [−𝐹𝐹𝑒𝑒𝑒𝑒 �−

𝐾𝐾𝜇𝜇𝜔𝜔ℎ
𝛾𝛾

� (3) 

Plug flow and horizontal pressure with respect to 
vertical pressure in terms of height is shown in Fig. 3. 

Fig. 4 The relationship between the shrinkage ratio 
and reduction ratio is shown in Fig. 4. After the 
reduction of pellets at the temperature of 910°C and 

 
Fig. 1. Temperature Anomaly in earth (Herring and 
2007) 

 
Fig. 2. Direct Reduction Plan. Schematic and installed 
PERED plant 

 
Fig. 3. Horizontal δH to vertical pressure δv towards 
center and Plug flow in terms of high furnace 
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pressure of 2 kg/cm2 in the first period, the reduction 
reaches from 0 to 70% very fast and the ore becomes 
swollen; meanwhile, Fe2O3 is reduced to Fe3O4 and 
consequently is reduced to FeO without forming any 
cluster. 

In the second period, the reduction ratio reaches 
from 70% to approximately 90-98%, pellets are quickly 
shrunk and. fibrous metallic iron is remarkably 
promoted while cluster is allowed to rapidly grow.  

Therefore, as evident, if the area in which the 
reduction ratio of 50-70% is located in the plug flow 
zone, it is expected that the cluster formation is 
enhanced. If the ores are reduced with a fixed speed, 
they keep the same surface or point-to-point contact. 

Thus, the fibrous metalic iron is developed and 
expands the contact areas brought about by the 
deformed plastic due to the ores softening; hence, the 
formed cluster will be highly bonding. 

Preventing the clustering formation requires 
introducing a mechanism to end the plug flow state. 

Fig. 5 illustrates a method in which burden feeders 
are arrayed not only in the lower reduction zone but also 
in plug flow zone which stay in the upper portion of the 
shaft furnace. 

Thus, the reduction took place under several 
reduction temperatures and pressures to reach the 
critical pressures (under which the shrinkage ratio 
reaches approximately 15%) at each of the reduction 
temperatures. Fig. 6 depicts the results in where the 
area on the right side of curve A is a zone in which the 
clustering is formed. 

As the above equation shows, vertical pressure in 
furnace turns into the maximum pressure (δvmax) in 
the furnace which is given by:  

 𝛿𝛿𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 =
𝛾𝛾𝛾𝛾

2𝜇𝜇𝜔𝜔𝐾𝐾
 (4) 

Accordingly, the radius R by which the maximum 
pressure δvmax in the furnace does not surpass the 
critical pressure δc is given by, 

 R<120 𝛿𝛿𝑣𝑣 = 120 𝐹𝐹𝑒𝑒𝑒𝑒(8.6 − 0.009𝑇𝑇) (5) 

For T=850°C, σν < 2 kg/cm2 and R=3.1 m, we do 
not have any cluster. Computations show that the curve 
is given by, 

 𝛿𝛿𝑐𝑐 = 𝐹𝐹𝑒𝑒𝑒𝑒(8.6 − 0.009𝑇𝑇) (6) 

where the hydraulic radius R(cm) of furnace in the 
reduction zone is smaller, in the following equation, it 
prevents the clustering. 

 

 
Fig. 4. Shrinkage ratio in terms of reduction time using 
different δv (Vertical pressure) and reduction 
temperature 

 
Fig. 5. Procedure for removing plug flow in shaft 
furnace 

 
Fig. 6. δc Critical pressure in terms of reduction in 
temperature 
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 𝛾𝛾 ≤ 120 𝐹𝐹𝑒𝑒𝑒𝑒(8.6 − 0.009 𝑇𝑇) (7) 

For bustle temperature T=850°C, furnace diameter 
is obtained as 6.2 m. PERED furnace diameter is less in 
the above formula. Therefore, for safe condition and to 
prevent the clustering, the following innovations are 
needed. 

PERED® Technology has the Furnace Patent 
Elimination of upper cluster breaker (huge 

maintenance and capital cost is reduced) is done 
without any problem for movement of material in the 
furnace, because PERED® furnace is special. 

The following improvement is done for cluster 
prevention in the furnace: 

− Optimizing the ratio of height to furnace 
diameter, that improves utilization of the furnace 
(Fig. 7). 

− China hat is installed in the furnace to prevent 
the plug flow in the center of the furnace. Fig. 8 
shows the China hat configuration inside the 
furnace. 

PERED Technology Improves Material 
Distribution Inside the Furnace 

- Better iron oxide distribution inside the furnace by 
innovation of new feed pipes and, suitable distribution 
of the pellets in the cross section of the furnace. Fig. 9 
shows pellet feed pipe in the center and circumference 
of the furnace. 

Fig. 10 shows the material movement in the 
furnace. Plug flow is removed by China hat. Results 
show gas velocity distribution inside the furnace. China 
hat is working against plug flow. 

Double bustle for injection of reduction gas is 
shown in Fig. 11. 

Process Condition (for Preventing Cluster) 
1-System Pressure 

 
Fig. 7. Furnace internal diameter variation in terms of 
Height of furnace (earth is zero elevation) 

 
Fig. 8. China hat installation inside the furnace 

 
Fig. 9. Pellet feed pipe distribution are close to the wall 

 
Fig. 10. The effect of China hat on plug flow (Fluent 
software result) 

 
Fig. 11. Different NG. Flow rate injection to double 
bustle gas duct, extra spring support for upper weight of 
shaft furnace 
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Bustle gas pressure does not only increase the 
reaction rate but also has effect on buoyancy force and 
vertical pressure. 

Resultant force: 

 
𝐹𝐹𝑅𝑅 = 𝐹𝐹𝑤𝑤 − (𝐹𝐹𝑑𝑑 + 𝐹𝐹𝑏𝑏) = 𝜌𝜌𝑝𝑝𝑉𝑉𝑝𝑝 𝑔𝑔�

𝐶𝐶𝑑𝑑𝐴𝐴𝑝𝑝𝜌𝜌𝑝𝑝𝑉𝑉𝑔𝑔2

2
+ 𝜌𝜌𝑔𝑔𝑉𝑉𝑝𝑝𝑔𝑔�

= 𝜌𝜌𝑔𝑔𝑉𝑉𝑝𝑝𝑔𝑔 − 𝜌𝜌𝑔𝑔 �
𝐶𝐶𝑑𝑑𝐴𝐴𝑝𝑝𝑉𝑉𝑔𝑔2

2
+ 𝑉𝑉𝑝𝑝𝑔𝑔� 

(8) 

2- H2/CO ratio is high with adjustment in the steam 
injection, H2 size is less than CO and penetration in the 
pore is more, and reaction rate of Fe2O3 with H2 is faster 
than CO (reaction is endothermic). 

3-Double bustle line is suitable for adjusting the bed 
temperature. 

4- In-situ reforming  

Natural flow rate is different for controlling the bed 
temperature and increasing the DRI quality. Hot bustle 
gas with a certain percentage of CH4 and CO2/H2O, in 
contact with metallic iron, which acts like a catalyst 
generates additional reducing gas inside the shaft 
furnace, In fact, the shaft furnace acts like a reformer. 

Endothermic in-situ reforming needs high bustle 
gas temperature. On the other hand, pellet/lump 
degradation, fine generation and clustering in the bustle 
area will occur at higher bed temperature. State of the 
art PERED double bustle port optimizes the amount of 
CH4 in the bustle gas which is required to control the 
bed temperature. 

 𝐶𝐶𝐻𝐻4 + 𝐻𝐻2𝑂𝑂 → 𝐶𝐶𝑂𝑂 + 2𝐻𝐻2 ∆𝐻𝐻 ≥ 0 (9) 
 𝐶𝐶𝐻𝐻4 + 𝐶𝐶𝑂𝑂2 → 2𝐶𝐶𝑂𝑂 + 2𝐻𝐻2  ∆𝐻𝐻 > 0  

Natural Gas Injection in Transition Zone and 
China Hat 

Fig. 12 shows injection of natural gas to China hat 
for cooling and in-situ reforming. 

 𝐶𝐶𝐻𝐻4 → 𝐶𝐶 + 2𝐻𝐻2 ∆𝐻𝐻 = 74.83
𝐾𝐾𝐾𝐾
𝑚𝑚𝑚𝑚𝑚𝑚

 (10) 

− It improves formation of Fe3C instead of free 
carbon (3% product carbon). 

− It increases productivity (produce extra reducing 
gas). 

− It cools DRI due to endothermic reaction. 
− Better temperature profile and uniform product 

quality. 

Top Gas Off Takes Effect 
Fig. 13 shows that the top gas off takes have the 

following benefits. 

- Reduction zone is increased with elimination of 
top gas oval (optimize furnace size/ reductions in 
zone volume). 

- Reduction of fine carry over and efficiency of 
scrubber is increased and improves the refractory 
life at top gas duct. 

- Better burden temperature profile to achieve 
uniform product quality. 

- Lower off take temperature due to improved 
efficiency thus lower load on scrubbers. 

Burden Feeders 
Fig. 14 shows the upper burden feeders with the 

following benefits. 

- State of the art 360 degree rotating burden 
feeders. 

- Better and uniform performance. 

- Feeding burden with 4 independently controlled 
rotating shafts. 

 
Fig. 12. Injection of natural gas to China hat  

Fig. 13. Dual top gas off take design from the top dished 
end 

 
Fig. 14. Cooling gas inlet and off take 
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- No water jacketing as it is in the cold zone. 

- Dislodging of cluster if formed, by reverse 
rotation and speed control. 

Cooling Gas Off Take and Inlet Gas 
Fig. 15 shows the furnace off takes and inlet cooling 

gas. 

- Injection of cooling gas to cone from outside 
header.  

- Does not need any additional equipment inside 
the furnace. 

- Reduces fines generation & maintenance cost. 

- Uniform hot cooling gas collection by ‘+’ 
shaped off take and better collection of cooling 
gas from cooling area. 

Top Gas Scrubber 
Fig. 16 shows the uniform temperature in the top 

gas scrubber. 

The most advanced method of the gas cleaning. 

Total of scrubber is uniform and outlet gas is cooled 
to temperature as low as 37- 38ºC. 

Reformer 
- Applying 10 inches reformer tubes. 

- Uniform temperature in the reformer box. 

- More reduction gas produced. 

- Less capital cost and maintenance. 

Heat Recovery System 
Flue gas after preheating the air, releases process gas 

and feed gas bundles into the atmosphere. Fig. 17 shows 
the invert heat recovery system. In this condition, 
maintenance time is lower than other plants. For energy 
saving and increase of reformer efficiency, H.R.S. is 
redesigned. 

- Reduces the energy consumption. 

- Improves the tube bundle maintenance. 

- Uniform temperature and pressure in the two 
sides of heat recovery. 

- Steam injection in the process gas 

- Flue gas exit temperature around 120°C less than 
MIDREX plant. 

Compressors 
Fig. 18 shows double stage of process gas operation 

with higher pressure by proven system. The newest 
state of Siemens centrifugal compressor is handled by 
PERED® by applying higher pressure and running a 
proven system. The rate of gas flow is increased by dry 
process gas input into compressor in the same system; 
hence, the production is boosted or the power 
consumption is decreased. 

- Less moisture gas gives bigger capacity of process 
gas to system which increases production 

- Electrical energy saving. 

 
Fig. 15. Cooling gas inlet and off take 

 
Fig. 16. Top and cooling gas scrubber 

 
Fig. 17. Heat recovery system including, stack, cold 
ejector stack fan 

 
Fig. 18. Process and cooling gas centrifuge compressors 
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- No. of compressors is less, therefore capital cost 
and maintenance is decreased. PERED and 

MIDREX technology differences and capital cost 
are shown in Table 1. The PERED is 2 to 3 
million euros cheaper than the Midrex and the 
price is about 2 to 3% of the price of a reduction 
unit. 

Configuration of reformer and heat recovery system 
is shown in Fig. 19. 

RESULTS AND DISCUSSION 
MIYANEH project was started in September 2016. 

Plant production is 110 tons /hr. This information is 
compared with a 800,000-ton/year of Midrex plant. 
Table 2 shows the PERED and MIDREX energy 
consumption. Flue gas temperature decreased at around 
120°C. This is a good result for energy saving. Plant 
production, electrical, natural gas and water 
consumption are shown in Figs. 20 to 24. 

The outlet temperature in heat recovery system is 
shown in Fig. 21. 

Table 1. Difference of PERED and MIDREX plant 
Row Equipment MIDREX PERED PERED benefit Price ($) 

1 Licence Need No need No pay -1,200,000 

2 Upper cluster breaker Need No need but China 
hat is installed 

Less capital cost 
Less maintenance 

Safe for CO emission 
-1,000,000 

3 Reformer box Dimension 
6 Row and 12 bay 

Dimension 
6 Row and 9 bay 

 

Optimized the produce gas per 
volume of box 

Less capital cost 
-500,000 

3-1 No. of reformer tube and size No. is 324 (8 inch) No. is 270 (10 inch) Less capital cost -200,000 

3-2 No. of main and auxiliary 
burner Need Need Less capital cost  

4 Chromes tree Need No need Cooling gas inject in outside -200,000 

5 Heat recovery system Need Need More capital cost but 
maintenance is better +1,000,000 

6 Flue gas outlet temperature Higher than 400 Co Lower than 280 Co Good for environment - 
7 Scrubber Need Need Uniform temperature - 
8 Dual top gas Duct Need Need Less dust in top gas - 

9 Compressors Rotary lube Centrifugal Less capital cost and maintenance 
with high pressure - 

10 Steam Drum No need Need More capital cost +500,000 

11 Steel Structure Need Need Less capital cost - 
 

12 Tickner Need Need Less capital cost - 
Minimum total price difference Around +2,000,000 

 

 
Fig. 19. Reformer and heat recovery system 

Table 2. Difference of Natural Gas consumption in 
PERED and MIDREX plant 

Subject Midrex Pered 
Flue gas outlet temperature of recuperature (Co) 400 280 

(M^3/Ton DRI) Water consumption 1.2 1 
(KWh/Ton DRI) Electrical consumption 115 110 

(NM^3/Ton DRI) Natural Gas consumption 295 280 
 

 
Fig. 20. Miyaneh plant production in 2016 
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CONCLUSIONS 
Although Midrex continues its leadership through 

innovation, environmental value, improvement and 
implementation of reliable technology solutions for the 
global steel industry, using a new technology called 
PERED with new design of equipments would produce 
good results. The following benefits per ton of DRI can 
be achieved in PERED technology in comparison with 
MIDREX technology.      

1) Electricity consumption decrease 4.34% 

2) Natural gas energy saving 5.08% 

3) Energy saving due to lower flue gas temperature 
is 120°C 

4) Lower capital cost (around 2-3 % less than 
MIDREX) minimum 2 million Dollars 

5) Operation and maintenance costs 

6) Increase of local manufacturing that leads to less 
foreign currency outflow 

7) Design of PERED technology for JUMBO 
(1,500,000 tons/year) in future 

LIST OF SYMBOLS 
δc Critical pressure (kg/cm2) 

δH Horizontal pressure 

δv vertical pressure  

R Hydraulic radius 

μ w Coefficient of friction between particles and 
walls of the vessel (0.7) 

γ Bulk density (0.0025 kg/cm3)  

 h depth from a free surface 

K Rankin’s constant (0.218)  

FR Resultant force 
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Fig. 21. Exit flue gas temperature from heat recovery 
system 

 
Fig. 22. Comparison of electrical consumption for two 
cases 

 
Fig. 23. Natural gas consumption for two cases 

 
Fig. 24. Water consumption for two cases 
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