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1. INTRODUCTION

A considerable amount of heat is wasted in manystréal plants employing thermal processes. Many
industrial processes need a cooling system, likdhéntreatment of exhausted gases. This equipmeotves
additional investments and operation and maintemacasts. Waste heat recovery solutions have been
developing since many years, both for thermal used power generation. If certain quantity and ital
requirements of the waste heat are met, it carcbrognically convenient to install an Organic Raek{ycle
(ORC) — a closed cycle working with an organicdlin order to produce electricity. In the last y@&ars, many
ORC turbines have been installed to recover heat findustrial processes, such as cement kilns, liongpa
processes, flat glass plants, gas turbines anchalteombustion engines. This application can besiciered an
excellent example of energy efficiency measureabse companies that have made these investmergs hav
reduced their electricity consumption, with no aiddial use of primary energy.

In figure 1 is reported a simplified scheme of atlrecovery system.
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Figure 1: heat recovery scheme

On January 2010 the first European project on nmapphe potential for heat recovery with ORC
systems in energy intensive industries (in a palea) started. This project, funded by the LIFEregpam
(LIFEO8 ENV/IT/000422 acronym "H-REII"), had the agjoof promoting policy and governance actions that
would support waste heat recovery for power geimrah energy intensive industries and quantifythg
potential CQ savings. The HREIlI DEMO project (LIFE10 ENV/IT/GB®/) is the continuation and
implementation of the H-REII project aiming at:

- developing the first prototype of ORC heat recovery plant from EAF (Electric Arc Furnace) in the
steel industry completely integrated in a fumeattreent cleaning system;

- promoting EU policy and governance actions for incentivizing waste heat recovery for power
generation, reducing G@missions by the valorization of process effluémtSnergy Intensive Industries.

Waste heat recovery for power generation (WHRPG) in energy intensive industries by means of ORC is
technically feasible: WHRPG plants with ORC teclogyl are operating in the cement, steel and glaksstry
and in the natural gas transmission and storagerSe&n evaluation of the potential electricity gertema with
this technology was carried out at European ldnelustrial processes considered are: clinker priogiudn the
cement industry, Electric Arc Furnaces (EAF) anteeding furnaces for hot rolling mills in the stesdustry,
flat glass furnaces and gas turbines in gas traaséom and storage sector. It has been estimatbdoaetical
potential of about 2.5 GW of ORC gross power. Thattsource is provided by the industrial procesmse

1 See Ademe Report, Waste Heat Recovery for Powegr@on, October 2012
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operating hours depend on the market fluctuati@assidering 8 000 operating hours a year, ORC pleai
generate almost 20 TWh of electric energy. Thisi@akpresents the 4.8% of the total electricityscomption

of EU industry in 2009and implies avoided emissions of almost 7.5 millionnes of carbon dioxitle

Moreover, ORC manufacturer are developing waste heeovery projects in other industrial processes,
particularly in metallurgy. This paper will focusainly on steel sector.

2. WASTE HEAT RECOVERY IN EU27 STEEL PLANTS: ESTIMATE ON ORC
POWER

WHRPG in the steel industry with ORC unit has badopted in two processes. On February 2013,
Turboden srl started upe first ORC that recover s heat from exhausted gases of areheating furnacein hot
rolling mills. This plant is located in Singapore, but it isyeimilar to most of the rolling mills spread alley
the world. The exhausted gases are clean enougltote the direct exchange with the organic workfhgd,
thus the required investments are lower. The OR@aower installed is 700 kW. This case can be capdid for
all hot rolling mills, both those at the bottomiafjintegrated steel plants (blast furnace and cdewshop) and
those at the bottoming of electric arc furnaces.

The other WHRPG application in the steel sector is from the Electric Arc Furnaces exhausted
gases. As previously mentioned, the first ORC unit foistapplication is starting up by the end of 2Gb3he
Feralpi Group plant of Riesa, Germany. A special lexchanger has been designed to produce 30 ¢ortpr
of steam at 27 bar and 245 °C. 10 tons per houdaligered to an industrial plant, the remainingt ps
employed by an ORC unit of about 3 MW, thus thistesn can be considered a combined heat and poamt pl
The EAF is not a continuous process: thermal flanes during the melting cycle and while the sarsgterial
is loaded into the basket there is no thermal paverlable. In order to solve the thermal powerilabdity,
heat absorber are installed and, considering pgeseration, the ORC properly operates with a stt@amrate
between 2 and 22 tons per hour, automatically auapts operation to the different operating coiuis, a
performance that traditional steam plant cannoieaeh

190 EAFs are located in EU27, 11 of which are autygJuly 2012) idle (Tab.1)

In order to estimate the potential ORC power, tlestinfluent factor is the furnace capacity (“Tapight”)
expressed in tons. EAF process lasts almost one (itap-to-tap time”), thus furnace capacity can be
considered as an hourly capacity of the plant. Ftioenenergy audit made within H-REIl Demo projegg,
calculate an average ORC power of about 28 kWareot EAF capacity

While EAFs differences are mainly related to tagghe in hot rolling mills, reheating furnace size
depends on semi-finished product processed. InHREII DEMO analysis only light, medium and heavy
section mills, hot strip mills, wire rods mills aptate mills have been considered. VDEh PlantfBatabase
provided data for 209 facilities. Based on six ggeaudits, an ORC potential of about 7 kW per toarty
produced has been calculated.

Estimation on ORC gross power possibly installeBii27 EAFs and rolling mills are detailed in Tab.2
Potential recovery and savings are reported in BaResults are shown for 5 000 operating hoursa ¥ a
conservative value that reflects period of low decthaand 8 000 hours — a theoretical maximum. Wh&img
into account the 190 installations in EAFs and #0%olling mills, it is assumed that every yean energy
generation from waste heat recovery between 3 740 and 5 984 GWh has been estimated andemissions of
CO; account between 1.351 and 2.162 million tonnes have been prevented.

2 Intenational Energy Agency, World Energy Outl@tki 1,
3 Considering different emission factor for every Eldmbers: Source: European Environmental Agenci 20
4 VDEh Plantfacts Database, 2012
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Table 1: Number and nominal capacity of EU27 EAF and rolling mills

Country No. EAF Capac. No. Rolling ' Capac.
[Mt/yr] = mills [Mtlyr]

Italy
Spain
Ger many
France
UK
Poland
Belgium
Romania
Greece
Czech Rep.
Others
Total
Idle

Table2: ORC gross power toinstall in EU27 steel industries
Total ORC
ORC Power Power
in rolling in EU27
mills[MW] steel ind.
LAY

ORC
Power
in EAF
[MW]

Country

Italy

Ger many
Spain
France

UK
Belgium
Austria
Czech Rep.
Others
Total EU27

Table 3: Energy generated from waste heat recovery and emission avoided in EU27 steel industry
Energy Emission
Country Recovery avoided
[GWh/yr] [10% CO,/yr]
5000h || 8000h | 5000h | 8000h

5 Available data on reheating furnace capacitylabba only for 209 out of 362 hot rolling mills.
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3. CONCLUSION

The EU is the second largest producer of stedienatorld, with an output of over 177 million torfs o
steel a year, accounting for 11% of global outfttel also forms part of a number of industriabeal
chains and is closely linked to many downstreanusitiial sectors such as automotive, construction,
electronics, mechanical and electrical engineeiiingmploys directly about 360 000 highly skilled peopl
and it has a significant cross-border dimensiord pBoduction sites are split between 23 Member
States, making it a truly European indutry

Energy intensive industries as the steel compapl@g a crucial role in the climate change policy.

Sectors subject to the ETS are, on aggregate, bourediuce by 2020 their carbon emissions by 21%h fthe
level in 2005, compared with 10% for the non-ET8t@es. For steel, it implies a reduction of aroul¥o
compared to Kyoto reference of the year 7990

The EU Low-carbon Roadmap shows the path for redugiU’'s CQ emissions by 80% by 2050. To
the industry sectors, that would mean aggregatecteuhs of 34% to 40% by 2030 (considering assumngtof
technology and fossil fuel price) and of 83% to 839@050. The EU low-carbon Roadmap has recogrifzstd
very important investments will be needed to achidnese targets.

Further significant reductions can only be achiew®d developing and deploying breakthrough
technologies. In order to increment the environ@lestistainability without hitting the competitivesseof the
sector, waste heat recovery for power generatistes)s acts as a viable solution when it is propgarpyported.
The possibility of producing electricity for selbesumption using a free source as the exhaustsdéely to
boost the competitiveness of the steel sector.

decarbonisation,
sustainable
growth

Waste Heat
Recovery for
R&D Power job creation
Generation
(WHRPG)

industrial
leadership,
productivity,
competitiveness

Figure 2: waste heat recovery benefits.

A detailed description of the waste heat recoveryeffits is reported below:
. decarbonisation and sustainable growth: heat recovery can increase the environmental and
energy sustainability of the steel processes, am@n also contribute to the reduction of GHG
emissions; power is generated through the wasteréeavery without any fuel;

e European Commission, Action Plan for a competitive sustainable steel industry in Europe, p. 163201

http://ec.europa.eu/enterprise/sectors/metals- misiéites/steel-action-plan_en.pdf
7 European Commission, DG ENTR, High-level Round &atlnl the future of the European Steel Industry Recendations, 2013
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. job creation: (i) jobs in the manufacturing of waste energyorery equipment: these employers
range from large multinational corporations to dnedecialized firms; (ii) jobs in creating on-site
“energy islands” in host facilities including welde pipefitters, design engineers and construction
workers; (iii) those in operating on-site energlangls; (iv) the ones resulting from increased
competitiveness

. industrial leadership, productivity and competitiveness. heat recovery as an instrument of
industrial policy to boost competitiveness and staeents in the manufacture sectors, it's able to
collect different industrial players; it's possilite foreseen a potential investment of EUR 8 billio
in the new sector of heat recovery, 2 of themrfioestments in the steel.

. R& D: Important results would be reached with the idticiion of innovative policies in order to
increase and coordinate European R&D spending ppasti promising technologies in energy
intensive industries.

To put into effect the above mentioned benefitsnesaneasures should be considered by European
institutions and Member States.

Firstly, the lack of certain and long-term EU regaly framework and targets for energy efficiency
could hinder investments in energy efficiency. Tew energy efficiency directive 2012/27/EU is a step
towar ds the good direction but it is necessary that Member States duringripementation phase consider
the potential of heat recovery applications, esglgcreferring to article 8.7 and article 14: cortgory energy
audits and supported WHRPG systems, whenever tbge are technically and economically workable, could
catalyze investment in the energy efficiency marketping to reach the objective of 20% reductiorenergy
consumption. The figure 3 depicts the priority e tutilization of waste heat recovery. Moreoverimy the
energy audit, special attention should be placethéngas cooling - often compulsory before the waggs
treatment — as it is possible to put heat exchgggand a Rankine cycle instead of adding air t down.
This way, the electricity consumption of the wastatment can be covered.

wasted/dispersed heat
internal heat demand
external heat demand
electricity generation

production heating, DHW, district heating for industries, Internal electricity needs or export
cycle cooling building, tertiary or agriculture to the grid

Heating: direct use Heating —DHW: direct use or upgrading via heat Small: Stirling, ORC
or upgrading via pumps, etc.

heat pumps,
mechanical vapour
recompression, etc.

Heat recovery
hierarch

uses

Heating — DHW:
direct use or
upgrading via heat
pumps, etc.

Medium - large: ORC, Kalina

Cooling: absorption, desiccant, etc.

Laree: Steam ovcles

Cooling: absorption,

Cooling: absorption,

technologies

desiccant, etc.
desicaant, etc

Legend:
. . DHW: Domestic Hot Water
Figure 3: Waste heat recovery priority | orc: Organic Rankine Cycle

8 M. Lowe, G. Gereffi, Recycling Industrial Wastedfgy, Chapter 7. Report prepared for the Environatiéfense Fund (EDF),
Center on Globalization, Governance & Competitivef€SGC), Duke University, 2009
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Secondly, the economic obstacle is a key isBuestment payback times for the implementation of
technologies related to WHRPG are usually too long for the sted sector. For this reason, creatiragl hoc
incentives mechanism or including in existing sutipg schemes (e.g. white certificalesould help in
overtaking this barrier. Considering the role pthy®y the energy intensive industries in the oveeakrgy
consumption, th&uropean Union should increase a specific provision to finance investmentsin WHRPG,
asit mentioned in European | nvestment Bank (EIB) Energy Lending Criteria™.

On June 2013, the European Commission has prestmeliction Plan for a competitive and
sustainable steel industry in Europe in order to support the sector increasing its cetimpness and
sustainability. As mentioned by the pla#in the short term, [the European Commission] will promote energy
efficiency (new boilers for power generation, gas recovery in stedmaking, Top-Pressure Recovery Turbine
Plant (TRT), waste heat recovery) » *. Furthermore, WHRPG can reduce {nissions generated from steel
production without economic pressure and increlaseéctor competitiveness

Last but not least, it is necessdpyincrease the awareness - through an intensive dissemination
campaign, a proper education and training path - of theggnefficiency potential of the waste heat recovery
system in the industrialists’ mind as a solutiomaise investments, to create jobs and to booshisadility.

The widespread ORC systems are proved reliableeirbiomass and geothermal applications, but they
arestill uncommon in theindustry. For the steel sector, the indicated proposal&ddoster the technology as
an energy efficiency measure, repeating the pesigsults already obtained with biomass and gewidier

9
D. Di Santo, D. Forni, E. Biele, White Certificates the industrial sector, FIRE, 2012
10
European Investment Bank, EIB Energy Lending Critgri&3, 2013

11
See note 6.



