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Sheet name |Description

Topic 1 Classification and KPIs for topic 1
Topic 2 Classification and KPIs for topic 2
Topic 3 Classification and KPIs for topic 3
Topic 4 Classification and KPIs for topic 4
Topic 5 Classification and KPIs for topic 5

Number Name
1 Heating and burner technology; alternative heating methods; electrical heating
2 Modelling of entire furnace, model based predictive control (level 2)
3 Measurement and sensors, measurement-based furnace control (level 1); standards, regulations
4 Materials in the furnace and product quality
5 Heat transfer, heat recovery, productivity, economy

Technology readiness levels (TRL)

TRL1 basic principles observed

TRL2 technology concept formulated

TRL3 experimental proof of concept

TRL4 technology validated in lab

TRL5 technology validated in relevant environment (industrially relevant environment in the case of key enabling technologies)

TRL6 technology demonstrated in relevant environment (industrially relevant environment in the case of key enabling technologies)
TRL7 system prototype demonstration in operational environment

TRL8 system complete and qualified

TRL9 actual system proven in operational environment (competitive manufacturing in the case of key enabling technologies; or in space)

Source: Horizon 2020 programm (2014) - General Annex G
https://ec.europa.eu/research/participants/data/ref/h2020/wp/2014_2015/annexes/h2020-wp1415-annex-g-trl_en.pdf

Name Short definition Definition

Direct GHG emissions occur from sources that are owned or controlled by the company, for example, emissions from combustion in owned or
controlled boilers, furnaces, vehicles, etc.; emissions from chemical production in owned or controlled process equipment. Direct CO2 emissions from
the combustion of biomass shall not be included in scope 1 but reported separately (see chapter 9). GHG emissions not covered by the Kyoto Protocol,
e.g. CFCs, NO¥x, etc. shall not be included in scope 1 but may be reported separately

Scope 1 A reporting organization’s direct GHG emissions.

Scope 2 accounts for GHG emissions from the generation of purchased electricity consumed by the company. Purchased electricity is defined as
Scope 2 A reporting organization’s emissions associated with the generation of electricity, heating/ cooling, or steam purchased for own consumption electricity that is purchased or otherwise brought into the organizational boundary of the company. Scope 2 emissions physically occur at the facility
where electricity is generated.

Scope 3 is an optional reporting category that allows for the treatment of all other indirect emissions. Scope 3 emissions are a consequence of the
Scope 3 A reporting organization’s indirect emissions other than those covered in scope 2 activities of the company, but occur from sources not owned or controlled by the company. Some examples of scope 3 activities are extraction and
production of purchased materials; transportation of purchased fuels; and use of sold products and services.

Source: The Greenhouse Gas Protocol - A corporate accounting and reporting standards, 2004
ghg-protocol-revised.pdf (ghgprotocol.org)



https://ghgprotocol.org/sites/default/files/standards/ghg-protocol-revised.pdf
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Reference
Number

Project full name o article name

Acronym

RFCS projects

Link to report / publications / website

Regenerative firing of low calorific value gas for high temperature processes, EUR

RL o ity detail/-/publicat i 44-43cc-8437- i urce-259161951
N 12093 —
] fi
Ry | mProved atmosphere control for product quality and combustion efiiency in 7 . ) - o oo/ format PO source 26784511
reheating furnaces, EUR N° 19855
R3 | Optimization of beam reheating conditions in the reheating furnace, EUR N* 20194 - htt detail/-/publication/aSe4774d-cab1-49bb-Geb0-fcf3eh143909
Integration of reheating furnaces with rolling conditions at the roughing mill,
Ra - bt I 45fe-b030-6170177824
ot 0tee Sfe-b030.617017782d19
w5 |New continuous annealing technology with high speed induction heating fllowed by 7 o o
ultra fast cooling, EUR N* 20203
f f
6 |Newmethod for contactiess measurement of true temperature of hot steel stips and 7 . ) ateds 1579 4530000 ot
control of the total thermal process by in situ
w_|Performance of reheating furnaces equipped with highly preheated air combustion oAc o ool ool eation deea234 7145 2004 a7 GomTa 1At
technology, EUR N" 21147
ng | Newways to improve longitudinal temperature homogeneity of slabs in reheating B . ) 0982
furnaces, EUR N° 21334
o |Rules base systems for improved monitoring and guidance of reheating furnaces, 7 . P e I
EUR N 21992
a10 | !mproved control of mechanical & geometrical properties of steel srips by thermal profile determination al along the 7 . ) Lreon
annealing line, EUR N* 22034
R11  |Adaptive mill pacing, EUR N 22055 o ity detail/-/oubl bf6-46c-bSbf 1acaf0
R12 | Metallurgical aspects of the compact reheating treatment of hot rolled strips before coiling, EUR N° 22831 - it ] 7
R13  |Emissions reduction through analysis, modelling and control, EUR N* 23333 ERAMAC htt detail/-/publ fe81-46c2-bbcd-1
R14  |Minimizing NOX emissions from reheating furnaces, EUR N 23202 NOX-RF et L b682-472-9d 3
R15 |Investigations and measures to reduce emissions and energy consumption during the preheating of steel ladles, EUR N 23175 ImSteellad htt detail/-/publication/74b14123-Oe3f-4c8c-bB0S-
a1 | mprovement of top gas fred reheating and direct reduction furnaces for high temperature using innovative regenerative PR . ) .
burners, EUR N° 24029
a1y |Real-time inteligent diagnostics and optimisation of reheating furnace J— . et oubleation 7h6eb8ae 4995 4100 08 N . ]
performance, EUR N° 24174
lation of finishi
k1| OPtimizaton ofstocks management and production scheduling by simulation ofthe contnuous casing, rolling and fishing SIMUSTEEL . ) azrse e/ format PO /source- 277694915
departments, EUR N° 24969
ualit by optimised stock evolution in the reheating furnace including
R19 OPTHEAT https: detail/-/publication/1c701bs 482e-98dd-03181 format.PF; 277693889
feedback from the rolling mill, EUR N° 25001 ST
R20  |CO2 reduction in reheating furnaces, EUR N* 25004 cozReED bt L 9c6-9d63-22037173533b
o1 |Optimisation of the metallurgicalstructures and mechanical properties by improving the heat treatment processes inflatand | po oo ™ [ . - o - o eoureear760s80s
long production lines with new setup and control methods, EUR N 26174
R22 |Hydrogen assessment in steel products and semi-products, EURN° 26397 HYDRAS bt I b d513/1 source-277694543
R23 |High emissivity annealing technique, EUR N° 27156 HEAT ity detail/-/publication/14987 Adaf-2f07-38741295c476/1. 2 oF, 04094
R24 | Controlling flatness of strips in furnace of continuous annealing/galvanising lines Flat strip control bt L b age-en/format-PDF/source-272132325
25| Controlof steel oxidation n reheating operations carried out with alternative fuels and new combustion technologies, EUR N consTox . P oo sod o ot PO fsomee 2121
27453
R26  |Advanced measurements and dynamic modelling for improved furnace operation and control DYNAMO bt L 1167-8035-01aa75ed7 121 -en/format-PDF/source-272135637
R ]
R27 | High efficiency low NOX BFG based combustion systems in steel reheating Furnaces HELNOX-BFG |results?p p id=eu europa publications_portlet search_executor INSTANCE b lifecycle=18&p p
R28 |Power generation from hot waste gases using thermoelectrics POWGETEG bt L 7-11eb-9ac9-013a75ed 7121/ -en/format-PDF/source-272143727
R29 | strategy to increase the hot strip rolling performance in terms of surface quality, final properties and reproducibilty INFIRE sharepoint
R30  [Non Sticking furnace Rolls to improve service life and product quality in continuous annealing and galvanizing lines NoStickRolls |STICKING_FURNACE ROLLS_FOR_STEEL PRODUCTS_TO_IMPROVE_SERVICE_LIFE_AND_PRODUCT_QUALITY_IN_CONTINUOUS_ANNEALING_AND_GALVANIZING_LINES_PRELIMINARY_STUD
. . Automatic_surveillance of hot rolling_area_against_intentional_attacks and faults Overview and first results
R31  |Automatic surveillance of hot rolling area against intentional attacks and faults
of the RECS funded Project Contact data
‘Advanced Coated Steels for new demanding Biomass Firing environment having a high recycling behaviour and an improved
R32 ® e & 2 high recycling P BIOFIRE No report, publication or website
service lfe
w33 |Developmentof a new bumer concept: Industry 4.0 technologies applied to the best available combustion system for the SURNERAO | ntoes/bumertmeenmne to/tome bt
Steel Industry
R34 |Acid dew point and corrosion sensors for dynamic waste heat recovery from steel millflue gases SafeDewpoint b d steh I-millf
R35 |Flexible Ladle Preheating Procedures using Plasma Heated Refractory PlasmaPilot th Jadle-preh d Jasma-heated-refractory-1.10699:
R36  |Hydrogen Interaction with Retained Austenite Under Static and Cyclic Loading Conditions HYDRO-REAL [ https://www.mpie.de/4475082/HYDRO-REAL
R37  |Green steel for Europe - hitps://www.estep.eu/green-steel-for-europe.

HEU projects

Reference

Project full name o article name
Number

Acronym Link to report / publications / website

H1 |New Induction Wireless Manufacturing Efficient Process for Energy Intensive Industries NIWE http://niweproject.cy
2 |SEWGS Technology Platform for cost effective CO2 reduction the in the Iron and Steel Industry STEPWISE hitps://wwwstepwise.cu
H3 | Combustion for Low Emission Applications of Natural Gas CLEAN-Gas y 4 result
9 f -
wa_|Developmentof a fuelflexible and highly eficient ultralow emission residential-scale boller with coupled heat recuperation I
based on flue gas
H5 |Low Emissions Intensity Lime and Cement LEILAC https://www.project-lilac.cy
6 |Renewable residential heating with fast pyrolysis bio-oil
17| mteligent Hot Dip Galvanizing furnace for better energy use, ow environmental impact Fumace O
and extended ketle lifespan
g |PROcess NeTwork Optimization for efficient and sustainable operation of Europe’s RONTO ttoe o h20200r0nt0 00
process industries taking machinery condition and process into account
H9 | Green Industrial Hydrogen via Reversible High-Temperature Electrolysis Grinky GrinHy2.0 | SALCOS® (salzgitter-ag.com)
H10  |Validation driven DEvelopment of Modern and Efficient COMbustion technologies VADEMECOM 714605 hi news
H11  [Novel integrated lution as a key path towards creating eco-effcient and competitive furnaces VULKANO http://www.vulkano-h2020.eu,
H12  [From residual steel gases to methanol Freshe https://cordis.europa.euproject/id/727504
13 |Hydrogen meeting future needs of low carbon manufacturing value chains HaFuture haft tey 735503
14 [simulation-as-a-Service Tool for Industrial Furnaces Innovative Engineering Design saastified https://cordis.europa.euproject/id/742183
H15  [TORrefying wood with Ethanol as a Renewable Output: large-scale demonstration TORERO http://www.torero.eu,
H16  [Energy Efficient Coil Coating Process £cco hitps://wwwaspire2050.eu/ecco
H17  [The first 2500°C industrial furnace, for higher efficiency and up to 5 times higher strength materials CARBIDE2500 Iyfour.d de,
H18 |significantly cheaper and cleaner energy from biomass combustion DEBS https://cordis.europa.euproject/id/811529
19 [POLlution Know-how and Abatement POLKA https://www.polka-eu.or
w20 |Development of an Efficient Microwave System for Material Transformation in energy DESTINY
|Intensive processes for an improved Yield
H21  [Simulation and Control of Renewable Combustion SCIROCCO https://cordis.europa.eu/project/id/832248
H22 [Towards a full multi-scale understanding of zero-carbon metal fuel combustion MetalFuel https://cordis.europa.eu/project/id/684916
23 [Decarbonisation of carbon-intensive industries (Iron and Steel Industries) through Power to gas and Oxy-fuel combustion DIsIPO https://cordis.europa.eu/project/id/887077
Predictive tools for turbulent combustion of hydrogen-enriched natural gas through
H24 erog & ¢ HYGAS https://cordis.europa.eu/project/id/891173
carefully reduced kinetic
125 | Peveloping Plasma-assisted ammonia technology for decarbonisation of power — P ——

production
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Number

Project full name or article name

Scientific articles

Acronym Journal

1 [Toward CO2-neutral process heat generation for continuous reheating furnaces in steel hot rolling mill- A case study - Energy, Volume 224, 1 June 2021
2 Flameless combustion investigation of CH4 /H2 in the laboratory-scaled furnace” - International Journal of hydrogen energy 45, pp35208-35222, 2020
Power-to-gas and the consequences: impact of higher hydrogen concentrations in natural gas on industrial combustion
3 G S 2 AIATLES & - Energy Procedia 120, pp 96-103, 2017
processes
Emissions and dynamic stability of the flameless combustion regime using hydrogen )
4 - Intl | of hyd 45, pp 1246-1258, 2021
blends with natural gas” Intl journal of hydrogen energy 45, pp 1246-1258, 2021 ntjournal of hydrogen enerey 45 pp
5 Hydrogen combustion as a thermal source”; - 9th International Conference on Applied Energy, ICAE2017, 21-24 August 2017, Cardiff, UK.
Y ST O AT O T S S T T OB DTS O S T, P e e A e
6 workshop Hydrogen route for a green steel making process, online workshop, organized by ESTEP Focus Group Circular - Workshop Hydrogen route for a green steel making process, online workshop, organized by ESTEP Focus Group Circular Economy, June 2021
[Tenova SmartBurners with 100% Hydrogen, paper presented at the workshop Hydrogen route for a green steel making
7 - Online workshop, organized by ESTEP Focus Group Circular Economy, June 2021
process, online workshop, organized by ESTEP Focus Group Circular Economy, June 2021 Gl v P v
Devel it and testi f Fl less by fed by NG/H2 mix, ted at th kshop Hydi ite f
8 evelopment and testing of Flameless burer fed by NG/H2 mix, paper presented at the workshop Hydrogen route for a - Online workshop, organized by ESTEP Focus Group Circular Economy, June 2021
green steel making process
9 [Investigation of combustion characteristics of methane-hydrogen fuels” - Thermal Engineering, Volume 62, Issue 1, pp 64-67, 2015
10 |Evaluation of a steady flamelet approach for use in oxy-fuel combustion”; - Fuel, Volume 118, pp 55-68, 2014
11 [11 A simplified approach for predicting NO formation in MILD combustion of CH4~H2 mixtures” - Proceedings of the Combustion Institute, pp 3343-3350, Volume 33, Issue 2, 2011
12 |NOxformation in H2-CH4 blended flame under Mild condition”; - 7th Mediterranean Combustion Symposium — MCS 7 - Chia Laguna, Cagliari, Sardinia, Italy, September pp 11-15, 2011
13 Investigation of a pure hydrogen fueled gas turbine burner’; International Journal of Hydrogen Energy, Volume 42, Issue
13 - International Journal of Hydrogen Energy, Volume 42, Issue 15, pp 10513-10523 , April 2017
15, pp 10513-10523 , April 2017 S B PP i
14 Laminar Combustion Characteristics and Mechanism of Hydrogen/Air Mixture diluted with N2 + H20"; Journal of Hydrogen
14 - il I of Hyds Er /; Vol 42, pp 4501-4507, 2017
Energy; Volume 42, pp 4501-4507, 2017 journal of Hydrogen Energy; Volume 42, pp
15 Low Single Digit NOX Emissions Catalytic Combustor for Advanced Hydrogen Turbines for Clean Coal Power Systems”;
15 - Proceedings of ASME Turbo Expo, Copenhagen, 2012
Proceedings of ASME Turbo Expo, Copenhagen, 2012 - et
Hydrogen as burner fuel: modelling of hydroge composite fuel combt ‘and NOx formation in a small
16 - Inte ti | l of h, Vol 29,1 11, pp 973-990, September 2005
burner”; ijournal of energy research, Volume 29, Issue11, pp 973-990, September 2005 nternational journal of energy research, Volume ssuell, pp eptember
Technology Assessment of Hydrogen Firing of Process Heaters”; Energy Procedia’,
17 - Energy Procedia, Volume 4, pp 1058-1065, 2011
Volume 4, pp 1058-1065, 2011 & i
g |Tests by OVAKO Steel (http: i he-world-to-h | i By N o
using-hydrogen): i
19 |Plasma heating for the steel industry - Final report Swedish enrgy agency
20 [Fossil-free heating furnaces - Final report Swedish energy agency
21 Numerical and Experimental Investigation of a MILD Combustion Burner, Combust. Flame Vol. 151 (2007) No. 4, 649-664 - Combust. Flame Vol. 151 (2007) No. 4, 649-664
22 [Flameless combustion modelling using detailed chemistry mechanism - European Combustion Meeting (ECM), Cardiff (UK), June 27 - July 1 2011
23 CO2 reduction in reheating furnaces, o Int. Symp. on High Temperature Air Combustion and Gasification (HITACG), Poznan (Poland), July 5-7 2010
24 [TenovaFlexyTech® TRGX burner modeling and testing - AISTech2010, Pittsburgh (USA), May 3-6 2010
25 25 9th Int. 6th European Rolling Conf. 2013 - 6th European Rolling Conf. 2013 - Venice (Italy) June 10-12 2013
26 |Oxy-fuel flat flame burner with regenerative blast furnace gas preheating.” - 18th IFRF Members Conference. Miinchen, 2015
27 Einsatz von griinem H2 an Thermoprozessanlagen - BFI Kolloguium, 13.05.2020
Untersuchung eines Strahlrohrs fir die hybride Beheizung von Industriefen mit Brenngasen und elektrischem Strom,
28 - Final rt, Grant it No: 34825/01, funded by DBU (Ge ), 2021
bevorzugt aus (HYBRIDSTRAHLROHR) inatrepo; rant agreement No / undedoy {Germany)
29 Substitution von Erdgas durch H2 zur Vermeidung von CO2-Emmissionen, Potenziale und Hemmnisse - BFI-Kolloquium, 05.05.2021
30 |Macroeconomic implications of swtching to process-emission-free . Journl of ceaner production
iron and steel production in Europé
31 Present and Projected Developments in Hydrogen Production: A Technological Review -
32 |Hydrogen Production and distribution -
35 |Amathematical model of aslab reheating furnace with radiative heat .
transfer and n gaseous media
34 |Effects of hydrogen addition to methane on the thermal and ignition delay characteristis of fuel-air, oxygen-enriched and oxy .
fuel MILD combustion
35 |Numerical study on a novel burner designed to improve MILD combustion behaviors at the oxygen enriched condition -
36 [Anovelty data mining approach for multi-influence factors on billet gas consumption in reheating furnace -
37 37 Energy savings in reheating furnaces through process modelling. - Procedia Manufacturing 42 (2020) 205-210
38 |Energy-Efficient Control of Continuous Reheating Furnaces - 16th IFAC Symposium on Automation in Mining, Mineral and Metal Processing August 25-28, 2013. San Diego, California, USA
39 |Reheating time optimization for metal products in batch-type furnaces - International Journal of Heat and Mass Transfer 186 (2022) 122474
40 |Burners in the steel industry: utilization of by-product combustion gases in reheating furnaces and annealing lines - Energy Procedia 120 (2017) 20-27
‘A numerical analysis of the effect of heat recovery burners on the heattransfer and billet heating characteristics in a walking-
a i "’ Y E - International Journal of Heat and Mass Transfer 127 (2018) 1208-1222
beam furace
42 | Modelling and simulation of steel reheating processes under oxy-ful combustion conditions e Technical and environmental . Energy 185 (201) 730783
Industrial eheating furnaces: A review of energy efficiency assessments, waste heat recovery potentials, heating process
a3 d & v G gz - Process Safety and Environmental Protection 147 (2021) 1209-1228
and for steel industry
44 |Influence analysis of the furnace wall emissivity on heating process - Infrared Physics & Technology, Volume 93, September 2018, Pages 326-334
45 |influence of nozzle design exhaust gas in practical-scale flameless hydrogen combustion - International Journal of Hydrogen Energy 47 (2022) 21287 21297
6 L locities of hydrog and hydroge mixtures: An experimental study - International Journal of Hydrogen Energy 31 (2006) 1768 - 1779
47 On the effective Lewis number for lean mixtures - International Journal of Hydrogen Energy 38 (2013) 5949 — 5960
N 1l lati f slab heati i ti ki
48 umerical simulation of slab heating process In a regenerative walking - International Journal of Heat and Mass Transfer 76 (2014) 405 - 410
beam reheating furnace
49 |comparisons of different heat transfer models of a walking beam type reheat furnace - International Communications in Heat and Mass Transfer 47 (2013) 20 - 26
50 |Numerical and experimental study on flameless oxy-fuel combustion in a pilot- scale and a real-size industrial furnace - Applied Thermal Engineering 141 (2018) 788 - 797
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