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production installed in the last year by 
two companies particularly active in this 
field: Tenova, whose heat recovery system 
is called iRecovery® and Turboden, that 
developed the ORC system.

The technical solution – ORC (Organic 
Rankine Cycle)
Thanks to over 30 years’ experience and 

almost 400 ORC units that are mostly 
used in distributed generation systems fed 
by renewable heat sources, ORC is now 
the preferred choice for demanding WHR 
applications in energy-intensive industries 
like cement, glass and electric steel melting 
shops.

With power ranges up to 15 MW, ease 
of operation, dependability and minimum 

personnel are mandatory; traditional 
steam turbines cannot compete with ORC. 
In EAF heat recovery, where the thermal 
power available in the exhaust gas is not 
constant, the flexibility of ORC technology 
together with high reliability and self-
adjusting automatic operations are defining 
characteristics of this solution. Because the 
temperature and flow-rate of the furnace 

CUSTOMER	 PLANT TYPE	 FURNACE HEAT SIZE	 AVG. DESIGN STEAM PRODUCTION	 USE OF STEAM 	 ORC POWER	 START UP

GMH

Germany	 ECS	 EAF, 100 t	 22 t/h	 Thermal only		  2007

Feralpi 

Germany	 ECS, WHB, ORC	 EAF, 100 t	 30 t/h	 Thermal & Electric	 2,700 kW	 2014

Hyundai Steel

Korea	 ECS, WHB	 EAF, 90 t	 27 t/h	 Thermal only		  2014

Hyundai Steel

Korea	 ECS, WHB	 EAF, 80 t	 26 t/h	 Thermal only		  2015

ORI Martin

Italy	 WHB, ORC	 EAF Consteel, 100 t	 16 t/h	 Thermal & Electric	 2,200 kW	 2015

TPCO

China	 ECS, WHB	 EAF, 100 t	 33 t/h	 Thermal only		  2015

Aichi Steel

Japan	 ECS, WHB, ORC	 EAF, 150 t	 25 t/h	 Thermal & Electric	 2,500 kW	 2019

Arvedi

Italy	 WHB, ORC	 EAF Consteel, 260 t	 52 t/h	 Electric only	 7-10,000 kW	 2018
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fumes change continuously during the 
furnace tapping cycle, the design of the 
heat recovery system is optimised to store 
part of the steam produced during power 
on so that during power off, the steam 
accumulated is sent to the ORC allowing it 
to work continuously and automatically.

 An example of the variable working load 
of a working EAF WHR plant is detailed in 
the charts below. The steel shop is located 
in Italy at Acciaieria Arvedi in Cremona 
and the actual EAF is a Consteel® of 250 

ton. Arvedi has a large iRecovery® system 
coupled with an ORC unit converting the 
off-gas waste heat generated steam to 
7 MW power. The ORC will soon reach 
10 MW once the present Consteel® EAF 
is finally upgraded at the end of summer 
2020 to increase production and maximise 
waste energy recovery. 

The data shown in the chart was 
collected over 10 EAF heat cycles. In Fig.2 
it is shown in green the furnace power 
On and Off, in violet the thermal power 
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Fig 3.

Fig 4.

available from the off gas and in red the 
thermal power sent to the ORC. In the 
second chart, (Fig.3) the steam produced 
by the heat recovery exchanger in grey 
and the steam input to the ORC is in red. 
In both charts, the highly variable steam/
thermal power available during power on 
and off is made clear. Additionally, the 
almost constant steam/thermal power sent 
to the ORC thanks to the buffer tank that 
smooths the picks and allows the maximum 
energy recovered and produced by the 
system, is evident.

The relation between steam input 
(in blue) to the ORC and electric power 
production (in white) is shown in Fig.4. 
Steam sent to the ORC is in the range of 
40-55 ton/hr and is continuously converted 
into 6-7 MWe even when EAF furnace 
power is off. As expected, the WHR system 
was designed to produce up to 70 ton/hr of 
steam and 10 MWe; soon it will reach this 
capability after a Consteel® upgrade.

Economic feasibility 
Both the heat recovery exchanger that 
generates steam and the ORC unit 
guarantee minimum overall O&M 
costs thanks to inbuilt technology and 
improvements resulting from operating 
experience.

Additionally, the specific capital costs of 
WHR systems have been decreasing from 
the first to the most recent plant with 
increasing size (scale factor) and improved 
simplified design. It is expected that this 
trend will continue into future projects 
with further lower cost per kW of produced 
energy.

Still, the investment cost and the 
resulting payback time, often-exceeding 
five years, are restraining the growth of 
EAF WHR plants unless capital grants or 
other incentives on actual energy saved 
in industrial operation become available. 
The further growth of new and improved 
EAF WHR installations will depend on 
the future of EU policies and country-
specific policies. Right now, there are few 
incentive schemes. There needs to be 
increasing implementation across multiple 
geographies in order to support the use of 
waste heat actually present in ambient air.

Another opportunity for steel producers 
is the use of cooling heat generated from a 
melt shop to power the heating of nearby 
towns. When melt shops are located 
next to cities or even industrial parks that 
require hot water for heating, very often 
the temperature from the EAF cooling 
system is lower than what is required. In 
this case, it is possible to increase the water 
temperature to optimal levels by using a 
heat pump; the first large heat pump will 
be installed in Ori Martin thanks to a Life 
2020 project financed by the European 
Commission.

Conclusion
The steel industry can play a huge 
part in helping to reach the European 
Commission’s net zero target by way of 
recovering heat lost in the atmosphere. 
Heat recovery in the steel industry is 
possible and there are already some great 
examples of WHR plants in the world. The 
Green Deal should aim to incentivise the 
steel industry to improve and implement 
this solution.  �




