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2. List of key-words and abbreviations

Acronym / Short

name Meaning
AB Advisory Board
AL Action Leader
AMS ArcelorMittal Sestao
AZT Fundacion Azterlan
BAT Best Available Technology
CAPEX Capital Expenditure
CICe CIC energiGUNE
EAF Electric Arc Furnace
Ell Energy Intensive Industries
ENER ENERBASQUE
EU European Union
FIVEM FIVEMASA
GA Grant Agreement
KER Key Exploitable Result
LCE Life Cycle Engineering
LCA Life Cycle Analysis
LCC Life-Cycle Costing
ORC Organic Rankine Cycle
PC Project Coordinator
PCC Project Coordination Committee
PI Principal Investigator
PPE Protective Personal Equipment
s-LCA Social- Life Cycle Analysis
TES Thermal Energy Storage
HTF High Temperature Filter
SD Scrap Dryer
WHR Waste Heat Recovery
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Acronym / Short Meaning
name
GWP Global Warming Potential
IED Industrial Emissions Directive
BREF Best Available Techniques Reference Document
IPPC Integrated Pollution Prevention and Control
EIPPCB European IPPC Bureau

ORC-EVA Organic Rankine Cycle — Evaporator

PFD Process Flow Diagram

SCADA Supervisory Control and Data Acquisition

3. Executive Summary (maximum 2 pages)

The LIFE HI4S project (LIFE20 CCM/ES/001733) aimed to design, construct and validate
an innovative and cost-effective solution for recovering high-temperature waste heat from
Electric Arc Furnace (EAF) off-gases in the steelmaking industry. The project addressed a
long-standing challenge in energy-intensive industries: the recovery of highly transient,
particle-laden exhaust gases that are typically released without valorisation.

The project implemented a pilot-scale installation at the ArcelorMittal Sestao steelworks
(Spain), integrating four key subsystems: a high-temperature ceramic filtration unit, a slag-
based thermal energy storage (TES) system, a scrap pre-heating and drying unit, and an
Organic Rankine Cycle (ORC) module for electricity generation. The pilot plant was
designed following eco-design and scalability principles and operated under real industrial
conditions.

Despite delays related to site integration constraints, cost increases and operational
limitations inherent to a working steel plant, the project successfully validated the core
technological components of the LIFE HI4S concept. The high-temperature filter
demonstrated stable operation under dusty and variable off-gas conditions, while the slag-
based TES confirmed high thermal efficiency and low heat losses. Scrap pre-heating tests
showed effective moisture removal and homogeneous heat transfer. Full validation of
continuous ORC operation could not be achieved due to limited availability of sufficiently
high and stable off-gas temperatures; however, the system was fully installed and
technically ready for operation.

In parallel, a comprehensive digital model of the LIFE HI4S system was developed and
partially validated, enabling optimisation of operating strategies, assessment of upscaling
scenarios and support for replication analyses. Sustainability assessments covering
environmental, economic and social dimensions demonstrated the strong potential of the
technology when deployed at industrial scale, while acknowledging that no direct
quantitative environmental or economic benefits can be claimed at project closure due to
the demonstrative nature of the installation.

Replication and transferability analyses identified the steel sector as the most suitable and
immediate application for the LIFE HI4S technology, with additional potential for partial

o
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implementation in other energy-intensive industries such as ceramics, forging and glass.
Dissemination and networking activities reached more than 1,500 experts through technical
workshops, international conferences and stakeholder engagement, strengthening
awareness and acceptance of the solution. The project also submitted a formal application
for the consideration of LIFE HI4S as an Emerging Technique under the Industrial
Emissions Directive framework.

Overall, LIFE HI4S delivered a validated, scalable and transferable waste heat recovery
concept, significantly reducing technical, economic and organisational barriers for future
deployment. The results provide a solid foundation for post-project replication and
contribute to EU objectives on industrial decarbonisation, energy efficiency and circular
economy.
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4. Introduction (maximum 2 pages)

4.1Description of background, problems and objectives (as foreseen in the
proposal)

The European Green Deal aims to transform Europe in the first climate-neutral continent
by 2050. The roadmap to completely remove the fossil fuels has been stablished in this
guide. LIFE HI4S project is completely aligned with the priorities of the Green Deal to get
full economy decarbonization via enabling disruptive technologies with huge potential to
promote industry energy efficiency, targeting especially intensive energy demanding
industries and their huge amount of waste heat. Other targeted areas of the project to
achieve the EU's climate goals are related with the introduction of the Circular Economy
Industrial policy, focusing in reducing the wastage of materials and regulations pointing at
the elimination of Fluorinated greenhouse gases.

Most of the consumed energy in EU industries is used as process heat, accounting for
1820.73 TWh/year (Eurostat data 2015). Thereafter, once the industrial process finishes,
depending on the industrial sector, between 20-50 % of this energy is lost as waste heat in
the form of gaseous streams (e.g. exhaust gases), liquid streams (e.g. water cooling) or
solids (e.g. molten steel). This means that only a fraction of the energy consumed is used
for the purpose of the industry and the rest, apart from becoming a significant energy waste,
often requires other means (energy, water, etc.) to be cooled down prior to being released
to the atmosphere. Within the steel industry, EAF has experienced a significant growth in
the production of liquid steel from recycled scrap. The energy balance of a typical EAF
consuming 704 kWh per tonne of steel shows that almost 260 kWh per tonne of produced
steel is released as hot exhaust gases.

Waste heat recovery in industrial processes is a broad and well-known topic, but only
solutions at low/middle temperature in “clean” conditions can be considered mature to be
widely deployed. On the other side of the coin, hot streams containing harmful chemicals
or condensable particles, such as EAF off-gas stream, even though there are some proposals
in the market, they present either high cost equipment, fouling, degradation or pollution
issues and thus, they still require more research efforts and deployments to extract their
total energy potential.

Starting from the mentioned background, LIFE HI4S aims at the construction and
validation of an innovative cost-effective combined heat&electricity production plant
from the waste heat contained in the off-gas of an EAF within the steel making industry.
The approach is based on a strategic combination of different cost-effective technologies
and the optimization of their operation control with the development of appropriate digital
tools. The key technologies and their main role are:

¢ A high temperature filter to avoid the common fouling problems of heat exchangers;

e A thermal energy storage system composed of recycled material to cope with the
inherent discontinuity of the process;

e An innovative organic Rankine cycle made of modified “commodity” components
with a low GWP refrigerant;

e A scrap preheating system to enhance heat recovery while preventing the formation
of harmful gas emissions.
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The main objective of LIFE HI4S project is to contribute to decrease the energy
consumption of Ells, providing the technology to connect processes where large amount of
energy is currently wasted to other processes of large energy demand. The LIFE HI4S
project foresee to recover a total waste energy in AMS accounting for 38 GWh/year, which
may save 4.9 % of the total electricity required in the EAFs of AMS.

With a first focus on steel making EAF, the next valuable environmental impacts are
foreseen:

e (CO; eq. emissions in the steelworks can be reduced c.a. 9 Mt/year (6 % of total
steelworks emissions), it supposes 200 k€/year in emissions savings.

e Decrease the slag wastage in 560.000 t/year (10-15 % of the total EU generated). If
a new valorisation route for waste slag is created, it may increase the incomes as a
new market demand. A pessimistic scenario will consider a negligible cost for the
steel slag, due to the avoidance of transport and landfill costs. Therefore,
considering 10-50 €/t as an initial reasonable price for the slag, an income increase
in the steelmaking sector of 5.6-28 M€/year shall be added to the previous figure.

4.2Expected longer term results (as anticipated at the start of the project)

Considering the CAPEX and OPEX of the pilot plant that is going to be installed in AMS,
a preliminary technology costs analysis provides an LCOE estimation in the range of
120-130 € per generated MWh. This calculation considers only the energy generated for
scrap pre-heating, provided that part of the energy recovered is transformed into electricity
for self-consumption and therefore, the electricity net exchange is negligible. Since the
sudden irruption of the COVID pandemic, we are facing several energy challenges with an
increasing impact on the prices, which on the other hand, make LIFE HI4S technology
much more economically viable than we foresee at the beginning of the project. Nowadays,
average natural gas prices in Europe for non-house hold consumers has increased from
2021 around 100 % while electricity prices around 50 %.

Waste heat recovery from exhaust gases addresses an opportunity into a very specific
market with hundreds of thousands of potential users, which may benefit from an energy
fuel which currently is wasted. In terms of numbers, the bigger segment is constituted by
the energy intensive industries (steel making, foundry, ceramic, glass, cement, chemicals,
etc.), where most of the energy is used as heat and up to 50 % may be wasted. In order to
address the exploitation of the technology, the project proposal includes the development
of a detailed replicability and transferability plan aimed to ensure the sustainability of the
project years beyond. The replicability of the technological solution is ensured in LIFE
HI4S proposal throughout the participation of the largest steel making company in the
world within the consortium and the intention of joining a representative number of
companies of other relevant sectors within the AB.

In line with the directives, regulations and policies ongoing at European level, it can be
stated that this project aims to influence the regulations on energy efficiency and ensure
long-term results throughout appealing to be included as a Best Available Technology
(BAT), according Directive 2010/75/EU, in the reference document (BREF) called ‘Best
Available Techniques Reference Document on the Production of Iron and Steel’.
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5. Administrative part (maximum 1 page)

The LIFE HI4S management process needed daily work to maintain a permanent flow of
action with the aim of achieving the objectives set. The specific management activities carried
out were:

e Preparation of the Partnership Agreement.

e Organisation of Coordination meetings every 6 months to ensure smooth project
implementation and discuss issues related (see Deliverable D.F.1.4 that encompasses
Meetings’ minutes).

e Organisation of Monitoring meetings with ELMEN EEIG LIFE TEAM (previously
NEEMO LIFE TEAM) on 20% June 2022 at PC premises, Spain; on the 27" of
November 2024, online; on the 25" of September 2025, online; and on the 30" of
September 2025, at AMS premises including the visit to the pilot plant.

e Delivery of Mid-Term Report on the 28" of February 2023 reporting the activity and
expenses carried out from the beginning of the project up to month 19
(out of 51).

e Fulfilment and submission of the Annual questionnaire in November 2023.

e Request and management of two project’s extensions; one on the 18" of January 2024
and another on the 24™ of February 2025.

e Organisation of different phone and web meetings for actions, between some
beneficiaries to plan and monitor the project technical activities (e.g. biweekly C.1.
action meetings).

Continuous contact between all project beneficiaries for monitoring project activities.

Continuous contact with the advisory board.

Preparation of material for meetings and dissemination events.

General actions and activities for the coordination of the project.

Management of the financial aspects of the project. Payments of the first and second

pre-financing amounts from the CINEA were delivered to the partners as was set in the

Partnership Agreement.

¢ All relevant notifications received from the Agency or ELMEN EEIG LIFE TEAM.

e The final versions of deliverables and the technical/financial reports were duly
transferred to all project participants.

The management of the project was carried out in compliance with what was established in the
proposal approved by the European Commission, with all partners acting in compliance with
the Grant and Partnership Agreements.

The project management structure consists in 8 beneficiaries, plus EC and LIFE external
Monitoring team was outlined in the Figure 8 (Action F1) of the project proposal and section
4.2 of the deliverable D.F.1.1 and were proven operable during whole project execution. There
were some changes in the structure of project management in the examined period: at CICe Dr.
Daniel Bielsa took over the project manager position from Dr. Ifiigo Ortega starting at 1% of
November, 2022.

During all project phase, the LIFE HI4S project has benefited from close collaboration between
all beneficiaries and has maintained close contact through different media (e-mail, telephone,
meetings, etc.). In this sense, they prepared and attended the PCC meetings and collaborated
with the project coordinator (CICe) in the preparation of this Final Report, as set out in the
project proposal.
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The LIFE HI4S project proceeded smoothly, and all actions were completed as foreseen in
regards with targets achievement. Nevertheless, to finish LIFE HI4S with success, some actions
took longer than expected experiencing some minor delays. Namely, A.1 was extended up to
month 24 in the effort to get more stakeholders into the Advisor Board (AB). A.2 ended in
month 27 due to the need of relocation of the pilot plant. Action C.1. experienced the greatest
delay in the construction of the pilot plant pushing back the tasks that followed i.e. C.2, C.3,
C4,C5,D.1,E2, E3, E4, F.1 and F.2. A detailed information about these delays can be
found in section 6.1, and all project extensions have had the approval of the EC.

Communication with the CINEA and Monitoring team (ELMEN EEIG LIFE TEAM) The
PC constantly communicated mainly by LIFE monitoring helpdesk but not only phone, e-mail,
or meetings as well with the ELMEN EEIG LIFE TEAM Monitoring expert to solve
management and administrative doubts. The Coordinating beneficiary organized two
monitoring visits for the ELMEN EEIG LIFE TEAM expert by providing updated reports,
organizing visits onsite of project implementation and providing requested documents for
inspection. All comments provided after the LIFE monitor’s visit, including the Assessment
letter from CINEA, were considered. Adjustments requested and the responses are provided in
ANNEX 5.1.

Amendments Two letter for amendment were submitted. The first one on the 18" of January
2024 and the second one on the 24" of February 2025. The reasons behind the submission of
these two letters were the request of a re-scheduling for the project due to the delay of the
construction of the pilot plant.

10
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6. Technical part (maximum 25 pages)

6.1.Technical progress, per Action

6.1.1 Action A — Preparatory actions

6.1.1.1 A.I Stakeholders consultation
Foreseen start date: 01/07/2021 Actual start date: 01/07/2021

Foreseen end date: 31/03/2022 Actual (or anticipated) end date: 30/06/2023

Taken into consideration that waste heat streams in industries are delivered in a wide variety
of temperature range (sometimes below 100 °C or even beyond 1000 °C) and may or may not
content aggressive chemicals or pollutants, it becomes essential to make a first screening of
potential LIFE HI4S technology users. Stakeholders for LIFE HI4S technology are those
industrial processes expelling ‘complex’ waste heat gases within the 200-600 °C temperature
range. A preliminary study of industrial processes was carried out by CICe researchers,
identifying the following most potential users (Refs: RED-Heat-to-Power project, LIFE
H-REII project, [1]):

Sector Waste heat source  Temperature Content
Iron and steel EAF/BOF 1200-1700 Dust, solid particles, organic
volatiles
Glass Gas furnaces, oxy-fuel 1500-400 Solid particles, condensable
system vapour
Cement Cement and lime kiln 600-200 Solid particles, NOx and SO2

Subsequently, a first approach to the potential opportunities was made through the distribution
of a questionnaire among a list of industries belonging to the identified sectors provided by the
consortium. Several questions were listed in the questionnaire in order to get information about
the availability of both waste heat sources and heat demanding processes. Furthermore, the
possibility of carrying out a technical visit to extend the information exchange was also posed
in the questionnaire. More than 20 replies and 5 technical visits were pursued in order to collect
enough information.

Within this Action 60 stakeholders were contacted, 22 replies were collected and 10 technical
visits were carried out. At the same time, 8 companies were invited to the AB. A summary of
the work done and the information collected is showed in the following figures.

STAKEHOLDERS CONTACTED Interest in project results

£ 455%
W Metals ®Power ®Cement mCeramic ®Glass WPaper WWaste MFood MWood ®Chemicals

Interest in heat recovery technologies Open to receive visits

ey

Figure 1. Stakeholders’ consultation through the questionnaire.
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Sector Company Status Date Comments
ArcelorMittal (Gijon-Spain) | Done - onsite 26/07/2022 | Not available heat sink
Alfa Accicai Done - onsite 01/02/2023 | |nterested, concern about furans and dioxins
Steelworks |
NLMK SpA Done - onsite 01/02/2023 | |nterested, concern about furans and dioxins
Celsa Done - online 22/12/2022 | Interest in scrap preheating
AMPO Done - onsite 05/12/2022 | similar waste heat source, not a priority
Foundry
Draxton, Done - onsite 19/0972022 | Difficult to recover waste heat
Glass Vidrala Done - onsite 24/06/2022 | Not available heat sink
Befesa Done - onsite 26/10/2022 | Not available heat sink
Waste management - - .
Zabalgarbi Done - onsite 14/06/2023 | Interest in heat storage, clean gases
Forging Euskalforging Done - onsite 04/10/2022 | Interest in heat storage, clean waste gases

Figure 2. Summary of the technical visits carried out.

v PENDING +—— 1  CRH (Cementos Lemona) Cement Spain

¥ NOT INTERESTED «—— | 2 VVidrala Glass V Spain
| v ACCEPTED <—— | 3 | Torrecid SA Ceramic frits Spain
¥ NOTINTERESTED «——— | 4 | Befesa Waste Management Spain

| v ACCEPTED «——— | 5 | UrbaserS.A.U. Waste Management Spain
v NOT ALLOWED <«—— | 6 | NLMK Verona S.p.A. Metals (steelworks) Italy

v NOT ALLOWED < | 7 | AlfaAcciai Metals (steelworks) Italy

+" NOT INTERESTED «———— | 8 | AMPO Metals (foundry) Spain
v NOTINTERESTED «——— | 9 | Draxton Atxondo (Fuchosa, SL) Metals (foundry) [ Spain
10  Odl Polskie 5.A. Metals (foundry) Poland

«— | 11 | Fundiciones del Estanda SA Metals (foundry) [ Spain

v ACCEPTED = 12 | Zabalgarbi Waste to energy Spain
+—— | 13 Gestamp Metals (foundry) Spain

«— | 14 | Sidenor Metals (steelworks) | Spain

«—— | 15 | Tubos Reunidos Group Metals (steelworks) [ Spain

| v ACCEPTED 16 kalforging Metals (forging) Spain

Figure 3. Actions to_form the Advisory Board.

Main problems encountered to carry out this work belongs to the difficulties of visiting the
industrial processes which delayed the analysis of the technology fit over both different steel
works and different sectors. These difficulties were caused partially by the pandemic
restrictions and probably to different priorities within the contacted industries. In addition, it
has been difficult to join sufficient companies to the AB within the period programmed for this
Action, since the most interested stakeholders belong to the steel sector and a conflict of interest
was raised recently by ArcelorMittal. This fact was not anticipated by the consortium and since
this is a high value activity for the future exploitation of the technology, the consortium decided
not to close the activity until the end of the project and keep on collecting data.

Clearly the steel sector represents the main opportunity for LIFE HI4S technology, where its
applicability is almost direct. Apart from ArcelorMittal we visited 4 industries with EAF with
slight differences in the offgas cooling system. Main difference is the approach to get rid of
dioxins and furans, which prevent them to implement heat recovery solutions. This fact was
not considered in the first LIFE HI4S approach, since it is expected not to find them in
ArcelorMittal. Nevertheless, in order to consider the replicability to other steelworks it should
be taken into account, probably solving it by active carbon injection into the high temperature
filter. Space availability and prepared baskets are other present constraints. However, all of the
steelworks companies declared a strong interest on following up the progress of the project.

Below you can find the deliverables and milestones foreseen for the project completion:

12
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List of Deliverables and Milestones

D.A.1.1 — Stakeholders requirements report (CICe)

Deadline GA 31/03/2022 | Real Deadline | 30/06/2023
D.A.1.2 — Advisory Board consititution (CICe)

Deadline GA | 31/03/2022 | Real Deadline | 30/06/2023
M.A.1 — Stakeholders requirements identified (CICe)

Deadline GA | 31/03/2022 | Real Deadline | 30/06/2023

6.1.1.2  A.2 Requirements, specifications, and data collection of the pilot plant
Foreseen start date: 01/07/2021 Actual start date: 01/07/2021
Foreseen end date: 31/03/2022 Actual (or anticipated) end date: 14/11/2025

This action was focused on compiling the technical information necessary to design the pilot
plant and each one of the critical equipment. Thanks to the previous project most of the required
information belonged to the consortium’s partners so it was already available. Therefore, apart
from collecting them in a common folder, the work was devoted to analyse and complete them
by the new engineering partner (SDEA). The information was obtained through multiple
technical meetings held between specific partners, as well as through phone calls and e-mails.
The task was focused in obtained the minimum information required to make a preliminary
design of the pilot plant, which comprised:

e Off-gas main parameters: mass flow, temperature profile and gas pressure provided
by AMS;

e Required civil works: current layout and foundations provided by AMS. In order to
ensure the space availability, since it is critical, new measurements onsite were carried
out, provided by CICe;

e Casting time and frequency provided by AMS;

e Thermal energy storage system: all the information is available from the previous
Reslag project, provided by CICe;

e Characterization of the scrap: all the information is available from the previous
Reslag project, provided by CICe;

e FElectrical energy consumption: most of the electrical consumption will be carried by
the blowers so their power diagrams were collected, provided by CICe.

Starting with all these data, a conceptual process flow diagram and scheme of the pilot plant
were drafted and are shown in the following Figure.

13
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Figure 4. First approach to the conceptual design of the LIFE HI4S pilot plant.

At month 15, prior to the construction of the pilot plant, AMS decided to change the duct
cooling system of the two EAFs. This decision affected to the location of the LIFE HI4S pilot
plant, since the nearest available place to extract off-gases from the duct after the revamping,
is located 50 metres away. From a locational standpoint, the temperature profile was initially
expected to remain nearly unchanged. However, the primary objective of the revamping works
was to enhance the cooling performance of the exhaust ducts; consequently, a reduction in
temperature was anticipated once the revamping was completed. This updated temperature
information was not available during the re-design phase, and even if it had been, all critical
equipment had already been fully designed and fabricated.

Below you can find the deliverables and milestones foreseen for the project completion, for
more detailed information about the deliverables see Annex 6.1.

D.A.2 — Specifications of the pilot plant's inputs and required outputs (SDEA)
Deadline GA | 31/03/2022 | Real Deadline | 14/11/2025
M.A.2 — Site data delivered to the component’s manufactureres (AMS)

Deadline GA | 31/03/2022 | Real Deadline | 14/11/2025
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6.1.2 Action C — Implementation actions

6.1.2.1 C.I Components design, construction, and testing
Foreseen start date: 01/01/2022 Actual start date: 01/01/2022
Foreseen end date: 31/12/2023 Actual (or anticipated) end date: 30/09/2025

The objective of Action C.1 was to design, construct and experimentally validate a pilot-scale
LIFE HI4S installation under real industrial conditions, demonstrating the technical feasibility,
operational stability and integration of all key subsystems for direct waste heat recovery from
Electric Arc Furnace (EAF) off-gases. This action constitutes the core demonstration activity
of the project and provides the experimental foundation for subsequent modelling,
sustainability and replication analyses.

Within this action, all main technological components of the LIFE HI4S system were designed
following eco-design and scalability principles, including a High-Temperature Filtration (HTF)
system, a slag-based Thermal Energy Storage (TES) unit, an Organic Rankine Cycle (ORC)
module and a scrap pre-heating and drying system, all integrated into a single pilot-scale
process loop equipped with a dedicated control and data acquisition system.

The pilot plant was constructed and commissioned at ArcelorMittal Sestao (Spain) and
occupies approximately 90 m?. The testing activities of the LIFE HI4S pilot plant were carried
out between 2024 and 2025 after completion of installation and commissioning works. After
cold commissioning, an extensive hot testing campaign was carried out under real EAF
operating conditions, covering more than 50—60 casting cycles. Nevertheless, hot testing
activities were conducted intermittently, aligned with the operating windows of the Electric
Arc Furnace. Due to frequent start—stop production events and operational interruptions at the
host site, stable operating conditions were only achieved during limited time periods. As a
consequence, extended continuous operation under fully stable conditions could not be
sustained; however, the testing periods provided representative data to evaluate system
behaviour, identify operational limits and support further modelling, sustainability assessment
and replication analyses.

The High-Temperature Filter demonstrated stable operation under highly variable off-gas
conditions, maintaining pressure drops below 25 mbar and ensuring effective particulate
removal while preserving the thermal content of the gas. These results confirm the suitability
of ceramic filtration as an enabling technology for high-temperature heat recovery in dusty
EAF environments.

The slag-based TES system showed good performance under intermittent charging conditions.
Partial charging tests confirmed thermal charging efficiencies between 83% and 90%, with up
to 90 kWh stored in the slag bed, and very low thermal losses during standstill periods (=2 °C
over 16 hours). These results validate steel slag as a robust, low-cost and durable storage
material for high-temperature applications.

The scrap pre-heating subsystem successfully demonstrated direct heat reuse. Tests with 3—4
tonnes of metallic scrap achieved complete moisture removal within 1.5-2.5 hours, depending
on inlet gas temperature, with approximately 75 kWh of useful heat transferred and an overall
thermal utilisation of around 60%.

Despite these positive results, not all originally planned performance targets could be fully
demonstrated, mainly due to external and site-specific constraints inherent to real industrial
operation. In particular, the off-gas temperature available at the pilot extraction point was
significantly lower and more variable than initially expected, as a consequence of modifications
in the EAF duct configuration and operational constraints prioritising steel production. This

]
15



www.hi4s-life.eu

resulted in limited availability of sufficiently high and continuous temperatures, which
prevented full experimental validation of the ORC module under steady-state nominal
conditions.

In addition, higher-than-anticipated thermal losses were observed in some sections of the gas
extraction line, partly linked to insulation constraints and layout limitations imposed by the
existing plant infrastructure. These issues were addressed through corrective design actions,
including the redesign of the extraction probe and local insulation improvements, which
enhanced thermal performance without affecting operational safety.

Importantly, these limitations are not intrinsic to the LIFE HI4S concept, but rather linked to
the constraints of pilot integration within an operating steel plant. The system design, control
logic and component selection remain fully compatible with full-scale EAF implementation,
where higher and more stable off-gas temperatures are typically available.

Overall, Action C.1 successfully validated the core technological elements of the LIFE HI4S
solution, demonstrated safe and robust operation under industrial conditions and generated
high-quality experimental data. While some performance indicators could not be fully
demonstrated at pilot scale, the results obtained provide a solid technical basis for digital
modelling (Action C.2), sustainability assessment (Action C.3) and full-scale replication
(Action C.4), confirming the technical readiness and scalability of the LIFE HI4S technology.

Below you can find the deliverables and milestones foreseen for the project completion:

List of Deliverables and Milestones

D.C.1.1 — Prototypes design (SDEA)

Deadline GA | 31/10/2022 | Real Deadline | 29/10/2022
D.C.1.2 Testing report (AMRD)

Deadline GA | 30/09/2025 | Real Deadline | 30/09/2025
M.C.1.1 Pilot plant tested (AMRD)

Deadline GA | 30/06/2025 | Real Deadline | 30/09/2025

6.1.2.2 C.2 Plant digital model
Foreseen start date: 01/04/2022 Actual start date: 01/04/2022
Foreseen end date: 31/12/2023 Actual (or anticipated) end date: 30/09/2025

The objective of Action C.2 was to develop a digital representation of the LIFE HI4S system
to optimise operation strategies, assess upscaling and reproducibility potential, and support the
positioning of the technology within the European regulatory framework, including its
consideration as a candidate Best Available Technique (BAT) or Emerging Technique.

A comprehensive digital twin of the LIFE HI4S pilot plant was developed using the TRNSY'S
dynamic simulation environment. Reduced-order models were implemented for all main
subsystems, including the high-temperature filtration unit, slag-based thermal energy storage
(TES), scrap dryer, Organic Rankine Cycle (ORC), blower and control logic. The model was
configured to reproduce the thermodynamic behaviour of the real installation and to simulate
different operational scenarios under realistic EAF off-gas conditions.

The digital tool enabled the systematic evaluation of alternative operation strategies, with
particular emphasis on the role of TES and control logic in maximising energy recovery. Three
representative operation modes were analysed, covering direct use of off-gases, combined use
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of TES and off-gases, and TES-free operation. The results clearly demonstrate that integrating
TES is essential to stabilise heat supply, increase recovered energy and improve overall system
efficiency, both for scrap pre-heating and electricity generation. Strategies combining TES
operation with selective use of off-gases above 400 °C showed the best compromise between
energy quality, operational stability and recovered energy. Across the analysed scenarios, the
simulations identified two EAF castings per scrap pre-heating cycle as the most balanced
configuration, maximising useful heat transfer while minimising losses and operational
complexity.

The digital model was partially validated against experimental data obtained during pilot
operation at ArcelorMittal Sestao, covering seven consecutive castings. A good agreement was
observed between simulated and measured temperatures in the high-temperature filter and
scrap dryer, with deviations generally below 5%. Although full validation of the TES and ORC
models is ongoing due to the limited availability of continuous off-gas operation, the results
obtained confirm the robustness and predictive capability of the digital tool for optimisation,
upscaling and replication studies.

In parallel, the outcomes of the digital modelling and pilot validation activities were used to
prepare and submit a formal proposal positioning LIFE HI4S as a candidate BAT or Emerging
Technique under the Industrial Emissions Directive framework. The submission highlights the
system’s main innovations—direct recovery of high-temperature EAF off-gases, slag-based
TES and flexible cogeneration—and quantifies its performance at industrial scale. Reported
figures include 12—16% reduction in EAF energy demand, 20-30 kg CO: savings per tonne of
steel, and payback periods of 3—5 years for a full-scale installation handling approximately
250,000 m*/h of off-gas, with CAPEX in the range of €5-7 million. The application was
formally submitted to the EIPPCB and accepted for inclusion in the BAT Information System
(BATIS), supporting its consideration in future revisions of the Iron and Steel BREF.

Overall, Action C.2 delivered a validated digital optimisation tool and a strong regulatory
positioning of the LIFE HI4S technology, providing a solid technical and strategic basis for

industrial replication, business planning and long-term exploitation beyond the project lifetime.

Below you can find the deliverables and milestones foreseen for the project completion:

List of Deliverables and Milestones

D.C.2.1 Digital tool for defining best operation strategies (VF2) (CICe)

Deadline GA | 30/09/2025 | Real Deadline | 30/09/2025
D.C.2.2 LIFE HI4S proposal as a BAT (CICe)

Deadline GA | 30/09/2025 | Real Deadline | 30/09/2025
M.C.2 Validation of the digital model (CICe)

Deadline GA | 30/09/2025 | Real Deadline | 30/09/2025

6.1.2.3 C.3LCA, LCC and s-LCA

Foreseen start date: 01/07/2021 Actual start date: 01/07/2021

Foreseen end date: 30/06/2024 Actual (or anticipated) end date: 30/06/2025

The objective of Action C.3 was to quantitatively assess the sustainability performance of the

LIFE HI4S technology, covering its environmental, economic and social dimensions, in order
to support comparison with conventional electric arc furnace (EAF) operation and to inform
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future replication and exploitation decisions. The assessment was carried out using recognised
methodologies, namely Life Cycle Assessment (LCA), Life Cycle Costing (LCC) and Social
Life Cycle Assessment (s-LCA).

From an environmental perspective, the LCA compared a conventional EAF configuration with
an EAF integrating the LIFE HI4S system, considering the operational phase and accounting
for the impacts associated with the manufacture and installation of the LIFE HI4S components
over their reference service life. The results show that the integration of LIFE HI4S leads to a
net reduction in environmental impacts, with operational energy savings clearly outweighing
the embodied impacts of the system. For an upscaled industrial configuration, the analysis
indicates avoided greenhouse gas emissions exceeding 1,000 tCO:-eq per year, primarily
driven by reduced electricity consumption and avoided fuel use for scrap pre-heating. When
normalised per unit of recovered energy, the HI4S system shows a substantially lower global
warming potential (GWP) per MWh than the reference scenario, confirming its environmental
relevance for continuous industrial operation.

The economic sustainability of the solution was evaluated through a Life Cycle Costing
analysis, considering investment, operation and maintenance costs over the system lifetime.
The LCC identified energy prices and annual operating hours as the main economic drivers. At
industrial scale, the value of recovered energy was shown to clearly exceed annual operating
costs, resulting in net annual economic benefits in the order of several hundred thousand euros
per installation, depending on local energy prices. Sensitivity analyses demonstrated that, even
under conservative assumptions for maintenance and cleaning requirements of the high-
temperature filtration system, the overall economic balance remains positive, confirming the
cost-effectiveness of the LIFE HI4S solution under current European market conditions.

The social dimension was assessed through an s-LCA following UNEP-SETAC guidelines,
covering key stakeholder categories including workers, local communities, value chain actors,
customers and society. The results indicate that the LIFE HI4S technology entails no significant
negative social risks and generates moderate positive social impacts, particularly through the
creation and preservation of skilled jobs along the value chain, compliance with standard
occupational health and safety requirements, and indirect societal benefits linked to reduced
energy consumption and CO: emissions. The absence of restrictive intellectual property
barriers and the high technology readiness level achieved were identified as additional positive
factors facilitating fair competition and broad industrial uptake.

Overall, Action C.3 delivered a balanced and quantified sustainability assessment,
demonstrating that LIFE HI4S achieves measurable environmental benefits (=1 ktCO:-eq/year
avoided at industrial scale), delivers positive life-cycle economic performance, and presents no
relevant social drawbacks. These results provide a robust and integrated basis for the
exploitation, replication and impact projections developed in subsequent project actions and
support the positioning of LIFE HI4S as a sustainable solution for waste heat recovery in
energy-intensive industries.

Below you can find the deliverables and milestones foreseen for the project completion:

List of Deliverables and Milestones

D.C.3.1 — Questionnaires for data collection (LCE)

Deadline GA | 31/01/2022 | Real Deadline | 31/01/2022
D.C.3.2 Sustainability assessment (CICe)

Deadline GA | 30/09/2025 | Real Deadline | 30/09/2025
M.C.3.1 Understanding and identification of flows to be tracked (LCE)

Deadline GA | 31/12/2021 | Real Deadline | 20/12/2021
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List of Deliverables and Milestones
M.C.3.2 Primary data from partners available (LCE)
Deadline GA | 30/06/2023 | Real Deadline | 30/06/2023

6.1.2.4  C.4 Business and production plan
Foreseen start date: 01/04/2022 Actual start date: 01/04/2022
Foreseen end date: 30/06/2024 Actual (or anticipated) end date: 30/09/2025

The objective of Action C.4 was to define a coherent exploitation, business and replication
framework for the LIFE HI4S technology, supporting its transition from pilot-scale
demonstration to industrial deployment. The action aimed to connect the technical performance
of the solution with market, financial and investment considerations, while remaining
consistent with realistic industrial decision-making and the After-LIFE replication strategy.

Action C.4 identified the main Key Exploitable Result (KER) as the integrated LIFE HI4S
system combining high-temperature filtration, slag-based thermal energy storage (TES) and
thermo-electric conversion. This configuration was confirmed as particularly suitable for high-
temperature, highly transient and particle-laden off-gas streams, such as those generated by
electric arc furnaces (EAFs), where conventional waste-heat recovery solutions are limited.

From an exploitation perspective, the analysis explicitly considered two complementary
deployment pathways:

a) direct full-scale implementation, covering the total off-gas flow of one EAF (=250,000
m?3/h), as foreseen for the first post-project replication in the After-LIFE Plan; and

b) progressive or staged implementation, starting from partial-flow installations and
scaling up to full coverage where appropriate.

To support a robust techno-economic assessment, the Business Plan used a reference modular
configuration of approximately 65,000 m3/h as an analytical benchmark, corresponding to
around 25-30% of the exhaust flow of a typical 100-t EAF. This reference case was not
intended to define the final replication size, but to derive validated cost, performance and
financial indicators based on manufactured pilot components and realistic operating
assumptions.

For this reference configuration, the analysis showed annual recovered energy of around 9.2
GWhy, enabling electricity self-consumption for auxiliaries (=0.4 GWh.) and heat recovery for
scrap pre-heating (=4.8 GWhy), with associated CO- savings exceeding 1,000 t/year. The
indicative CAPEX for this configuration was estimated at approximately €2.5 million,
providing a sound basis for extrapolation to larger systems.

Building on these technical results, the financial analysis carried out in Action C.4
demonstrated that the LIFE HI4S solution can generate attractive revenues and margins under
realistic market conditions. For a full-scale deployment equivalent to one complete EAF
(=250,000 m*/h), the Business Plan estimates system sales in the order of €8—9 million per
installation, including engineering, equipment and commissioning. Under conservative
assumptions on operating costs and maintenance, annual operational expenditures remain
limited compared to the value of recovered energy, resulting in favourable operating margins.

|
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Revenue streams are primarily driven by avoided electricity consumption, reduced fuel use for
scrap pre-heating and potential self-consumption of recovered electricity, which together
translate into significant annual economic benefits for the end user. Depending on local energy
prices and operating conditions, the analysis indicates payback periods compatible with
industrial investment criteria, especially when combined with available public support schemes
and energy efficiency incentives, as described in the After-LIFE Plan.

Importantly, Action C.4 confirms that the modular reference case and the full-scale EAF
scenario are fully consistent. The 65,000 m3/h configuration represents a financial and technical
building block, while the After-LIFE Plan prioritises the first replication at full-EAF scale,
reflecting stakeholder feedback, validated pilot performance and the ambition to maximise
environmental impact.

Overall, Action C.4 delivered a financially grounded and scalable exploitation framework,
demonstrating that LIFE HI4S is not only technically viable but also economically attractive
at both modular and full-scale levels. The results provide a credible basis for post-project
investment decisions, industrial replication and long-term market uptake, fully aligned with the
After-LIFE strategy.

Below you can find the deliverables and milestones foreseen for the project completion, for
more detailed information about the deliverables see Annex 6.1.

List of Deliverables and Milestones

D.C.4.1 — Initial close-to-market questionnaire (CICe)

Deadline GA | 31/06/2022 | Real Deadline | 22/09/2022
D.C.4.2 — Initial business plan (CICe)

Deadline GA | 30/11/2022 | Real Deadline | 06/12/2022
D.C.4.3- Final business plan (CICe)

Deadline GA | 30/09/2025 | Real Deadline | 30/09/2025
D.C.4.4 Final close-to-market-questionnaire (CICe)

Deadline GA | 30/09/2025 | Real Deadline | 30/09/2025
M.C.4 Business plan delivered (CICe)

Deadline GA | 30/09/2025 | Real Deadline | 30/09/2025

6.1.2.5 C.5 Reproducibility and transferability plan
Foreseen start date: 01/01/2024 Actual start date: 01/01/2025
Foreseen end date: 30/09/2025 Actual (or anticipated) end date: 30/09/2025

The objective of Action C.5 was to define a structured and realistic framework for the
replicability and transferability of the LIFE HI4S technology beyond the pilot site. The action
built on the technical results obtained in Action C.1, the digital modelling developed in Action
C.2 and the sustainability and business analyses performed in Actions C.3 and C.4.

Within this action, a detailed assessment of replication scenarios in the steel sector was carried
out, identifying Electric Arc Furnaces as the most suitable and immediate application for the
HI4S solution. The analysis considered different implementation scales, from modular
configurations treating approximately 65,000 Nm?/h of off-gas to full-EAF deployments of
around 250,000 Nm?h, including both direct and staged implementation strategies. Key
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boundary conditions related to off-gas temperature, dust load, availability of heat sinks and
integration with existing plant infrastructure were identified.

In parallel, the action assessed the transferability of the HI4S concept to other energy-intensive
sectors, such as ceramics, forging and glass. While full-system replication was found to be
limited in many cases by the absence of suitable heat sinks, the analysis confirmed the potential
interest of partial implementation of specific components, notably high-temperature filtration
and thermal energy storage, under site-specific conditions.

The main outcome of Action C.5 is a reproducibility and transferability plan that defines
priority sectors, realistic replication pathways, key risks and mitigation measures, and provides
concrete guidance for post-project deployment. This framework supports the implementation
strategy outlined in the After-LIFE Plan and constitutes a solid basis for future industrial
replication beyond the project lifetime.

List of Deliverables and Milestones
D.C.5 — Reproducibility and transferability plan (SDEA)
Deadline GA | 30/09/2025 | Real Deadline | 30/09/2025

6.1.3 Action D — Monitoring of the impact of the project actions

6.1.3.1  D.I Monitoring actions
Foreseen start date: 01/10/2021 Actual start date: 01/10/2021
Foreseen end date: 30/06/2024 Actual (or anticipated) end date: 30/09/2025

The objective of Action D.1 was to systematically monitor, quantify and validate the impacts
of LIFE HI4S using the official LIFE KPI framework, ensuring consistency, transparency and
credibility in the reporting of project results and their expected continuation beyond the project
lifetime. This action aimed to translate technical, dissemination and exploitation activities into
robust, comparable and auditable indicators, aligned with LIFE Programme requirements.

To achieve this objective, the project developed and continuously updated a structured
methodology to calculate baseline, end-of-project and “beyond three years” values for all
relevant KPIs. Particular emphasis was placed on the use of conservative assumptions,
avoidance of double counting and reliance on traceable evidence, such as measured data,
technical deliverables, dissemination records, stakeholder engagement activities and
recognised reference documents (e.g. [ron & Steel BREF). This approach ensured that reported
impacts accurately reflect the real maturity level of the project and its demonstration character.

The results of Action D.1 confirm that, during the project implementation phase, LIFE HI4S
primarily generated qualitative and enabling impacts, rather than direct environmental savings.
As the pilot plant was operated exclusively for testing and validation purposes, no effective
energy or CO: savings were claimed at the end of the project. This conservative reporting
approach fully complies with LIFE guidance for demonstration projects.

Despite this, Action D.1 demonstrates that LIFE HI4S has already achieved significant
measurable impacts in awareness raising, technical dissemination, governance and stakeholder
engagement. Nearly 3,800 individuals were influenced through structured communication,
dissemination and networking activities, reflecting a strong outreach to industrial, institutional
and expert audiences. In parallel, the project actively involved public authorities, industrial
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stakeholders and advisory board members, reinforcing its policy relevance and positioning as
a credible industrial decarbonisation demonstrator.

For the medium-term perspective (“beyond three years”), Action D.1 provides a realistic and
cautious projection of impacts, based on a single full-scale replication of the LIFE HI4S
technology in one electric arc furnace. Under this scenario, the project shows a strong potential
to deliver substantial energy savings (over 24 GWh of electricity per year) and corresponding
CO: emission reductions (approximately 7,000 tCO2eq/year), while contributing to circular
economy objectives through the valorisation of steel slag as thermal energy storage material.
These projections are fully aligned with the technical results, stakeholder feedback and
exploitation pathways defined in the After-LIFE Plan.

Overall, Action D.1 successfully fulfilled its objective by providing a robust quantitative
backbone to the LIFE HI4S project. It ensured that achieved and expected impacts are reported
in a transparent, credible and policy-relevant manner, clearly linking project activities to
environmental, economic and governance outcomes and supporting informed decision-making
for future replication and deployment

Below you can find the deliverables and milestones foreseen for the project completion, for
more detailed information about the deliverables see Annex 6.1.

List of Deliverables and Milestones

D.D.1.1 — Updated LIFE KPI Webtool (mid-term) (CICe)

Deadline GA | 31/01/2023 | Real Deadline | 28/02/2023
D.D.1.2-Updated LIFE KPI Webtool (final) (CICe)

Deadline GA | 30/09/2025 | Real Deadline | 30/09/2025
M.D.1 LIFE KPI indicators table monitored (CICe)

Deadline GA | 30/09/2025 | Real Deadline | 30/09/2025
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6.1.4 Action E — Communication and dissemination of results

6.1.4.1 E.I Defining a communication and dissemination strategy
Foreseen start date: 01/07/2021 Actual start date: 01/07/2021
Foreseen end date: 31/12/2021 Actual (or anticipated) end date: 31/12/2021

Action E.1 established the overall communication and dissemination framework of the LIFE
HI4S project. Its main objective was to define a coherent strategy, target audiences, key
messages, tools and indicators to ensure that all dissemination, awareness raising, technical
communication and networking activities were implemented in a coordinated and effective
manner throughout the project lifetime.

This action provided the strategic backbone for the implementation of Actions E.2 (Information
and awareness raising), E.3 (Technical dissemination to potential users) and E.4 (Competitors
and alliances — Networking). While these actions addressed different audiences and objectives,
Action E.1 ensured consistency in messaging, visual identity, timing and monitoring of results.

Under Action E.1, the main target audiences were identified and categorised, including the
general public, public authorities, industrial stakeholders, technology providers, researchers
and potential end-users. For each group, appropriate communication channels, content types
and dissemination tools were defined. This segmentation enabled the project to deliver tailored
messages, ranging from high-level awareness raising activities to in-depth technical
dissemination, as later implemented under Actions E.2 and E.3.

Action E.1 also defined the communication tools and channels to be used across the project,
such as the project website, social media, newsletters, press releases, visual materials,
workshops, conferences and networking events. These tools were deployed in a coordinated
manner, ensuring that technical dissemination and networking actions (E.3 and E.4) were
systematically supported by awareness raising and visibility activities (E.2).

In addition, Action E.1 established the monitoring framework and key indicators to assess the
effectiveness of communication and dissemination activities, including website traffic, social
media engagement, event participation and stakeholder reach. This monitoring approach
allowed the consortium to adapt communication actions during the project and to focus efforts
on the most effective channels and formats.

Action E.1 was conceived with a strong long-term perspective, fully aligned with the After-
LIFE Plan. The communication strategy defined under this action ensured that the tools,
channels and messages developed during the project could be maintained and exploited after
project completion. In particular, it enabled the continued use of established communication
channels to disseminate final results, promote follow-up initiatives, support replication
activities and reinforce synergies identified through Actions E.3 and E.4.

Overall, Action E.1 ensured a structured, coherent and efficient communication and
dissemination approach for LIFE HI4S. By providing a common strategic framework for
Actions E.2, E.3 and E.4, it maximised the visibility, credibility and long-term impact of the
project results, supporting their uptake by stakeholders and their contribution to industrial
decarbonisation objectives.

Below you can find the deliverables and milestones foreseen for the project completion, for
more detailed information about the deliverables see Annex 6.1.
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List of Deliverables and Milestones

D.E.1 — Communication and dissemination strategy plan (CICe)

Deadline GA | 31/01/2022 | Real Deadline | 31/01/2022
M.E.1 — Communication and dissemination plan released (CICe)
Deadline GA | 31/12/2021 | Real Deadline | 31/01/2022

6.1.4.2  E.2 Information and awareness raising activities regarding the project to the
general public and stakeholders

Foreseen start date: 01/01/2022 Actual start date: 01/01/2022
Foreseen end date: 30/06/2024 Actual (or anticipated) end date: 30/06/2024

Action E.2 aimed to raise awareness of LIFE HI4S among the general public and a broad range
of stakeholders, ensuring visibility of the project objectives, activities and results beyond
specialised technical audiences. The action was implemented in close coordination with Action
E.1 (Communication and dissemination strategy) and provided essential support to Actions E.3
(Technical dissemination to potential users) and E.4 (Competitors and alliances — Networking)
by establishing a solid communication baseline.

A set of complementary communication tools was deployed, including the project website,
social media channels, newsletters, press releases, visual materials and videos, ensuring
continuous project visibility throughout its lifetime. The project website was regularly updated
with key milestones such as technical workshops, pilot plant installation and testing activities,
and reached approximately 2,067 unique users between January 2022 and September 2025,
demonstrating a geographically diverse audience beyond the consortium’s immediate
environment.

Social media dissemination, mainly through LinkedIn, contributed to engaging a professional
audience interested in industrial decarbonisation, waste heat recovery and circular economy
solutions, reaching 144 followers, while the project newsletter reached 47 subscribers. These
channels also played a key role in promoting technical events, workshops and pilot plant visits,
reinforcing the impact of Action E.3.

Visual communication materials were a central element of Action E.2. The project noticeboard
ensured on-site visibility during workshops and visits, and several project videos were
produced to present the LIFE HI4S concept, objectives and results in an accessible format. The
first project video accumulated 201 views, corresponding to approximately 100 unique
individuals, applying a conservative 50% uniqueness factor.

Action E.2 was designed with a clear continuity perspective, fully aligned with the After-LIFE
Plan. The communication channels established during the project will remain active after
project completion to disseminate final results, support follow-up activities and promote future
replication initiatives and synergies identified through Actions E.3 and E.4.

Overall, Action E.2 played a key role in raising awareness of LIFE HI4S among non-
specialised audiences while reinforcing the effectiveness of technical dissemination and
networking actions, ensuring coherent project visibility, credibility and long-term impact.
Below you can find the deliverables and milestones foreseen for the project completion, for
more detailed information about the deliverables see Annex 6.1.
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List of Deliverables and Milestones

D.E.2.1 — Project website and social media profiles (LCE)

Deadline GA | 31/01/2022 | Real Deadline | 31/01/2022
D.E.2.2 — Project videos (3) (LCE)

Deadline GA | 30/09/2025 | Real Deadline | 30/09/2025
D.E.2.3 — Press release (2) (LCE)

Deadline GA | 30/09/2025 | Real Deadline | 30/09/2025
D.E.2.4 — Notice board (LCE)

Deadline GA | 31/01/2023 | Real Deadline | 31/01/2023
D.E.2.5- Layman’s report (LCE)

Deadline GA | 30/09/2025 | Real Deadline | 30/09/2025
D.E.2.6- Executive summary for policy makers (CICe)

Deadline GA | 30/09/2025 | Real Deadline | 30/09/2025
D.E.2.7 — Newsletter (6) (LCE)

Deadline GA | 30/09/2025 | Real Deadline | 30/09/2025
D.E.2.8-Technical articles (2) (LCE)

Deadline GA | 30/09/2025 | Real Deadline | 30/09/2025
M.E.2 Project dissemination to the public (LCE)

Deadline GA | 30/09/2025 | Real Deadline | 30/09/2025

6.1.4.3  E.3 Technical dissemination activities to potential users
Foreseen start date: 01/07/2021 Actual start date: 01/07/2021
Foreseen end date: 30/06/2024 Actual (or anticipated) end date: 30/09/2025

Action E.3 focused on the technical dissemination of LIFE HI4S results to potential users, with
the objective of accelerating industrial uptake and supporting future replication of the
technology. The action was implemented in strong coordination with Action E.1
(Communication and dissemination strategy), Action E.2 (Information and awareness raising)
and Action E.4 (Competitors and alliances — Networking), ensuring consistency between
technical dissemination, general communication, and strategic stakeholder engagement. While
Actions E.1 and E.2 ensured broad visibility of the project and its objectives, Action E.3
targeted specialised industrial and scientific audiences, using technically rigorous channels
such as workshops, international conferences, pilot plant visits and expert meetings. These
activities generated the technical credibility required to support the networking actions
developed under E.4 and to engage potential adopters at decision-making level.

During the project, LIFE HI4S results were disseminated to more than 1,500 experts from
industry, research centres and academia through a combination of two high-level technical
workshops, participation in four major international conferences, and dedicated technical
sessions. The workshops, organised in 2023 and 2025, attracted a total of over 140 participants
and achieved high satisfaction scores, confirming the relevance of the project topics and the
strong interest of stakeholders in waste heat recovery and thermal energy storage solutions for
energy-intensive industries.

The participation in international conferences allowed LIFE HI4S to reach a wide and
diversified audience, including steelmakers, technology providers and researchers working on
industrial energy efficiency, thermal energy storage and decarbonisation. Presentations focused
on experimentally validated results, modelling approaches and techno-economic insights,
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reinforcing the project’s positioning as a reference demonstrator for high-temperature and
particle-laden waste heat streams.

A key element of Action E.3 was the technical visit to the LIFE HI4S pilot plant, which enabled
direct interaction between potential users and the demonstrated technology. These wvisits,
closely linked to the networking activities under Action E.4, played a crucial role in translating
dissemination into concrete industrial interest, allowing stakeholders to assess the system
performance, operational constraints and replication potential under real industrial conditions.
Action E.3 also contributed directly to the long-term impact of the project by establishing a
clear pathway for continued technical dissemination beyond the project lifetime, fully aligned
with the After-LIFE Plan. In particular, the consortium committed to presenting the final pilot
plant results at future high-impact conferences and technical forums, such as ECOS 2026,
ensuring the continuity of knowledge transfer to industrial stakeholders and the scientific
community. These actions will maintain the visibility of LIFE HI4S results after project
completion and support informed decision-making for future industrial implementations.

Overall, Action E.3 played a central role in transforming LIFE HI4S results into credible,
transferable and exploitable knowledge for potential users. Its close integration with Actions
E.1, E2 and E.4 ensured that technical dissemination was embedded within a broader
communication, networking and exploitation strategy, maximising the project’s long-term
impact and contribution to industrial decarbonisation.

Below you can find the deliverables and milestones foreseen for the project completion, for
more detailed information about the deliverables see Annex 6.1.

List of Deliverables and Milestones

D.E.3.1 — Report on the 1% workshop (AZT)

Deadline GA | 31/01/2023 | Real Deadline | 30/11/2023
D.E.3.2 — Report on the 2" workshop (CICe)

Deadline GA | 30/09/2025 | Real Deadline | 30/02/2025
D.E.3.3 — Report on the 1% congress (AZT)

Deadline GA | 31/01/2022 | Real Deadline | 30/06/2023
D.E.3.4 — Report on the 2™ congress (CICe)

Deadline GA | 31/01/2023 | Real Deadline | 30/09/2023
D.E.3.5 — Report on the 3" congress (CICe)

Deadline GA | 30/09/2025 | Real Deadline | 30/09/2025
M.E.3 Technical results transferred to potential users (CICe)

Deadline GA | 30/09/2025 | Real Deadline | 30/09/2025

6.1.4.4 E.4 Competitors and alliances (Networking)
Foreseen start date: 01/01/2022 Actual start date: 01/01/2022
Foreseen end date: 30/06/2024 Actual (or anticipated) end date: 30/09/2025

Action E.4 was implemented in close coordination with Actions E.1 (Communication and
dissemination strategy), E.2 (Information and awareness raising to the general public and
stakeholders) and E.3 (Technical dissemination activities to potential users), ensuring a
consistent and cumulative approach to stakeholder engagement, visibility, and future uptake of
LIFE HI4S results. While Actions E.1 and E.2 established the overall communication
framework and general awareness of the project, Action E.4 focused on targeted networking
with strategic stakeholders, including industrial end-users, technology providers, public
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authorities, and European initiatives relevant to industrial decarbonisation and waste heat
recovery. In parallel, Action E.3 ensured that technical results were disseminated to potential
users in appropriate expert forums, feeding directly into the networking activities developed
under E.4. Throughout the project, a structured and continuously updated database of contacts
was created, drawing from stakeholder questionnaires, workshop registrations, bilateral
meetings, and newsletter subscriptions (E.1 and E.2). This database supported the identification
of competitors, potential partners, and early adopters, and enabled focused engagement actions
rather than generic dissemination.

Several bilateral meetings with regional and national public authorities and energy agencies
were organised, reinforcing the policy relevance of LIFE HI4S and its alignment with regional,
national and EU decarbonisation strategies. These interactions, complemented by institutional
visibility actions described under E.2, contributed to positioning LIFE HI4S as a credible
demonstrator within the broader policy framework for industrial energy efficiency and climate
mitigation.

At industrial level, networking activities led to direct engagement with major steel producers
and technology stakeholders, supported by the technical credibility built through Action E.3
(technical workshops, conferences and pilot plant visits). In particular, meetings with technical
decision-makers from different European steel plants confirmed a concrete interest in the LIFE
HI4S solution, especially regarding the reuse of steel slag as thermal energy storage material
and the preliminary economic performance of the system. These exchanges highlighted that
the availability of final pilot results is a key trigger for replication and investment decisions.

At European level, LIFE HI4S participated in networking events and conferences aligned with
REPowerEU objectives and the Processes4Planet partnership, where the project was presented
as a reference case for high-temperature and particle-laden waste heat recovery. These
activities created synergies with other EU-funded projects and initiatives working on waste
heat valorisation, district heating and industrial decarbonisation, reinforcing the project’s
visibility and credibility beyond the steel sector.

Importantly, Action E.4 was designed with a clear post-project perspective, fully aligned with
the After-LIFE Plan. The networking activities carried out during the project laid the
foundations for continued engagement with industrial stakeholders, public authorities and
European platforms after project completion. In particular, the identification of synergies with
existing initiatives and the exploration of a technological platform for thermal energy
valorisation provide a structured pathway to sustain dissemination, collaboration and uptake
beyond the LIFE HI4S lifetime.

Overall, the integration of Actions E.1, E.2, E.3 and E.4 ensured that networking was not an
isolated activity, but part of a coherent dissemination and exploitation strategy, supporting the
long-term impact, replicability and market uptake of the LIFE HI4S technology.

List of Deliverables and Milestones
D.E.4 — Report of the network activities carried out (CICe)

Deadline GA | 30/09/2025 | Real Deadline | 30/09/2025
M.E .4 — Information exchanged with competitors and alliances (CICe)
Deadline GA | 30/09/2025 | Real Deadline | 30/02/2025
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6.1.5 Action F — Project management

6.1.5.1 F.I Overall project management
Foreseen start date: 01/07/2021 Actual start date: 01/07/2021
Foreseen end date: 30/06/2024 Actual (or anticipated) end date: 30/09/2025

During the first weeks of the project, CICe developed a Project Management Plan, which
contains all the relevant information and rules to ensure the good progress of the project.

The plan presents an overview of the project management process phases and specify the order
of precedence between LIFE HI4S official documents that define obligations and rules for
project execution (GA > Partnership Agreement > Project Management Plan). Secondly, the
main features of LIFE HI4S project management aspects are gathered as table format (project
assignment) and goes into the detail of LIFE HI4S organisational structure. LIFE HI4S has
been a 51 months project divided into 5 actions (14 sub-actions). Project management structure
is organized into 4 bodies: Project Coordinator (PC), Project Coordination Committee (PCC),
Action Leaders (AL) and Advisory Board (AB). A table is included to easily identify the
partner responsible of each task (project responsibility matrix). Then, the project deliverables
are listed and the review process explained. The risk management is addressed as well and the
project progress monitoring (centralized by the PCC). Henceforward, this plan sets the
standards and procedures for more general aspects of project management such as periodic
reporting, meeting organization, project repositories, communication (internal and external),
change management, decision making, issue resolution and gender quality. Finally, it is
highlighted the acquired compromised to acknowledged EU funding in all publications, official
project documents and bought infrastructure/equipment.

Together with the Project Management Plan, a Quality Plan was also released focused on
assuring high quality of all procedures and results involved in LIFE HI4S project. More, this
document addresses an overview of the methodologies and tools that LIFE HI4S employed to
properly manage the project implementation.

The Principles of Green Procurement was also elaborated with two main objectives, to orientate
LIFE HI4S project beneficiaries’ procurement procedures towards sustainability, and to raise
awareness about Green Procurement benefits.

Finally, in the last phase of the project, three documents reflect the proper execution of project
management in accordance with the plan: the compilation of meeting minutes, the After-LIFE
Plan, and the results of the carbon footprint reduction.

No major issues arose during project execution. The most significant challenge was dealing
with the complexities involved in constructing a pilot plant (relocation, unexpected increases
in material costs, etc.). However, all partners responded adequately to the project requirements,
and thanks to the collaborative spirit of the LIFE HI4S project, it was possible to successfully
complete the project. To face the complexity of the design phase, especially the coordination
between involved partners, all of them agreed to maintain a meeting at least every 15 days to
follow up the progress of the design phase (C.1&C.2).

Below you can find the deliverables and milestones foreseen for the project completion, for
more detailed information about the deliverables see Annex 6.1.

List of Deliverables and Milestones
D.F.1.1 — Project Management Plan (CICe)
Deadline GA | 31/01/2022 | Real Deadline | 31/01/2022
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List of Deliverables and Milestones

D.F.1.2 — Quality plan (CICe)

Deadline GA | 31/01/2022 | Real Deadline | 31/01/2022
D.F.1.3 — Principles of Green Procurement (CICe)

Deadline GA | 31/01/2022 | Real Deadline | 31/01/2022
D.F.1.4 Compilation of Meeting Minutes (CICe)

Deadline GA | 30/09/2025 | Real Deadline | 30/09/2025
D.F.1.5 After LIFE Plan (CICe)

Deadline GA | 30/09/2025 | Real Deadline | 30/09/2025
D.F.1.6 Results of the carbon footprint reduction (LCE)

Deadline GA | 30/09/2025 | Real Deadline | 30/09/2025
M.F.1 Project Management (CICe)

Deadline GA | 30/09/2025 | Real Deadline | 30/09/2025

6.1.5.2  F.2 Project progress monitoring and reporting
Foreseen start date: 01/07/2021 Actual start date: 01/07/2021
Foreseen end date: 30/06/2024 Actual (or anticipated) end date: 30/09/2025

The Coordinating beneficiary organized the first one annual monitoring visits for the NEEMO
expert on 20" -21% June 2022. During this visit updated reports were provided and all the
requested documents for inspection.

Subsequently, in November 2023 the Annual Questionnaire was submitted and on the 27" of
November 2024 an online meeting was organized with the External Monitoring Expert to catch
up about project progress.

Finally, on the 25% and 30% of September 2025, it took place the Final Monitoring Visit,
including a visit to the pilot plant and an in-depth review of the financials.

All comments provided after the LIFE monitor’s visits, including the Assessment letter from
CINEA, were considered. Adjustments requested and the responses are provided in ANNEX
5.1.

Below you can find the deliverables and milestones foreseen for the project completion, for
more detailed information about the deliverables see Annex 6.1.

List of Deliverables and Milestones

D.F.2.1 — Mid term report (CICe)

Deadline GA | 31/01/2023 | Real Deadline | 28/02/2023
D.F.2.2 — Final Report (CICe)

Deadline GA | 30/09/2025 | Real Deadline | 30/09/2025
MLF.2 — Project Reporting (CICe)

Deadline GA | 30/09/2025 | Real Deadline | 30/09/2025

6.2.Main deviations, problems and corrective actions implemented

Overall, the project has been implemented in line with the objectives and scope defined in the
Grant Agreement. However, during the execution of Action C.1 (Components design, pilot
plant construction and testing), several technical, organisational and contextual deviations were
encountered, mainly linked to the integration of a first-of-a-kind pilot plant within an operating
industrial environment. These deviations required corrective actions and resulted in schedule
adjustments, while preserving the overall project objectives.
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As already reported in the Mid-Term Report, the first major deviation occurred during the
detailed engineering phase in 2022, when the consortium decided to reuse part of the materials
and equipment from the previous H2020 RESLAG pilot installation. Although this decision
was taken to optimise resources and reduce environmental impact, the detailed assessment of
the actual condition of these materials required additional time, including several remote
inspections and technical tests. This process delayed the release of the final material and
equipment list, which was issued by SDEA on 7 October 2022.

Subsequently, during the tendering phase for the installation works, the consortium identified
a significant cost overrun (approximately +30%) compared to the initial estimates. This
deviation was mainly caused by the sharp increase in market prices for industrial equipment
and materials, the use of high-grade materials in the initial design, and the preliminary nature
of the early cost offers. In response, the consortium implemented two corrective actions: (i) a
redesign of the installation led by SDEA to replace some stainless-steel components with
carbon steel, without affecting performance or safety, and (ii) the launch of a formal public
procurement process by ArcelorMittal Sestao to obtain market-aligned installation offers.
These actions resulted in additional design iterations and contributed to a delay in the start of
construction activities. A further deviation occurred in 2023 due to a change in the pilot plant
location within the ArcelorMittal Sestao site, driven by operational constraints and safety
considerations of the steel plant. This change required an additional redesign of the pilot layout
and interfaces, leading to further budget adjustments (approximately +61 k€ and +129 k€ in
successive redesign steps) and additional delays. The partners formalised a revised agreement,
and the installation order was finally launched once the new configuration was validated.

As a result of these combined factors, pilot plant construction was completed later than
originally planned, and the start of the hot testing phase was shifted to 2025. During the testing
campaign, additional operational constraints linked to the steelmaking process were
encountered. In particular, the off-gas temperatures available at the extraction point were lower
and more variable than initially foreseen, due to changes in the EAF duct configuration and the
priority given to stable steel production. Furthermore, start—stop production regimes limited
the availability of continuous high-temperature off-gas streams. These conditions prevented
the full experimental validation of some performance targets, most notably continuous ORC
operation at nominal conditions.

Corrective actions were implemented where feasible, including the redesign of the off-gas
extraction probe, local insulation improvements and the optimisation of operating strategies to
maximise data collection during available production windows. Although these measures
improved system performance, the consortium acknowledges that not all originally planned
testing scenarios could be fully demonstrated within the project timeframe. Importantly, the
identified limitations are not intrinsic to the LIFE HI4S technology but rather reflect the
constraints of integrating and operating a pilot-scale installation within an active industrial EAF
environment. The experience gained has been systematically documented in D.C.1.2 and
directly fed into the digital modelling activities (Action C.2), the sustainability assessment
(Action C.3) and the replication and exploitation strategy (Action C.4).

Despite the deviations and delays encountered, the consortium considers that the corrective
actions implemented were appropriate and effective. The project successfully achieved its core
objectives, validated the key technological components of the LIFE HI4S system under
industrial conditions and generated valuable technical and operational knowledge that
strengthens the feasibility of full-scale replication beyond the project lifetime.
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6.3.Evaluation of Project Implementation

The project implementation was carried out under a structured project management framework
that enabled continuous monitoring, coordination and support of all actions. Regular
coordination meetings, progress tracking and reporting tools allowed the consortium to identify
deviations at an early stage and to implement corrective measures when needed. Overall, the
methodology applied proved effective to manage a complex demonstration project in a real
industrial environment, although the level of success and maturity achieved differed across
actions.

Action A (Preparatory actions) required a significant effort and provided valuable information
for the definition of the technical scope, regulatory framework and initial stakeholder mapping.
However, stakeholder engagement was more limited than initially expected. In particular,
ArcelorMittal Sestao restricted the participation of other steelmaking companies, a constraint
that was not fully anticipated at proposal stage but is understandable given confidentiality and
operational considerations. In addition, the engagement of industries outside the steel sector
proved more challenging than foreseen, mainly due to the difficulty of identifying suitable heat
sinks that would make the solution economically attractive under current market conditions.
Despite these limitations, Action A delivered relevant inputs that supported subsequent
technical and exploitation activities.

Actions C.1 and C.2 (Design, construction, testing and digital modelling) concentrated the
highest technical and organisational effort of the project. Given the complexity of designing
and integrating a first-of-a-kind pilot plant in an operating steel plant, the partners involved
established a close coordination scheme, including bi-weekly technical meetings during the
design and construction phases. This approach allowed technical issues to be addressed
promptly and prevented more severe delays, although it was not possible to fully avoid
schedule deviations due to external constraints, as described in Section 6.2. Despite these
challenges, the core technological components were successfully designed, constructed and
partially validated under industrial conditions, and a digital tool was developed to support
optimisation and upscaling analyses.

Actions C.3, C.4 and C.5 (Sustainability assessment and business/exploitation/reproducibility
planning) were implemented without major difficulties. The availability of experimental data
from the pilot plant, complemented by modelling results, allowed the consortium to perform
robust environmental, economic and social assessments, as well as to develop a coherent
exploitation and replication framework. These actions benefited from the iterative feedback
between technical results and strategic analysis providing a solid basis for the After-LIFE Plan.

Communication and dissemination actions (Actions E.1 to E.4) were implemented according
to plan, although their impact evolved over time. As already anticipated in the Mid-Term
Report, dissemination efforts were initially limited due to the lack of validated technical results.
As the project progressed and the pilot plant became operational, communication and technical
dissemination activities intensified, including workshops, conferences, pilot plant visits and
targeted networking actions. By the end of the project, these actions reached a significant
number of stakeholders and contributed to positioning LIFE HI4S as a credible reference
demonstrator for waste heat recovery in energy-intensive industries.

Overall, the evaluation of project implementation confirms that, despite the complexity of the
demonstration and the deviations encountered, the applied methodology allowed the
consortium to maintain control over the project execution, adapt to unforeseen constraints and
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achieve the main objectives. The experience gained has strengthened the technical,
organisational and strategic foundations for future replication and exploitation of the LIFE
HI4S technology beyond the project lifetime. Results achieved:

Action Foreseen in the revised proposal Achieved \

Al Objectives: take into consideration in the | 24 replies, 8 face-to-face and 4 online | On time
design of the components, the specification | technical visits.
of different stakeholders. 4 members in the AB.

Expected results: 20+ responses and 5+ | Information collected was good and the
technical visits, constitution of AB. application of the technology has been
assessed for different stakeholders.

A2 Objectives: Define the overall specification | Completed The action
of the pilot plant. was carried
Expected results: set of information to out in time
design the components and pilot plant

C1 Objectives: Validation of the core technological | Partially
Design, manufacturing and testing of the | components under realistic conditions. achieved
pilot plant. Some performance targets could not be
Expected results: fully demonstrated due to site-specific
Performance of the pilot plant operational constraints

C2 Objectives: Develop a plant digital model. | Main objectives met by developing and | Partial
Expected results: Identify the optimal | validating a digital modelling and | validation
operation conditions. optimisation  tool,  enabling the

assessment of operational strategies,
upscaling scenarios.

Limitations due to the availability of
experimental data

C3 Objectives: Sustainability assessment of | A complete LCA, LCC and s-LCA | On time
the technology. document has been released.

Expected results: sustainability KPI in
order to improve and compare the
technology.

C4 Objectives: develop a business plan. A final and complete business plan | On time
Expected results: Objectives and strategies | document has been released.
for future business.

C5 Objectives: Develop a reproducibility plan. | A reproducibility plan document has | On time
Expected results: identification of | been released.
technology opportunities in other sectors.

D1 Objectives: regularly monitor the LIFE | KPI webtool fulfilled. On time
Key project-level Indicators.

Expected results: evaluation of the impact
of the project.

E1l Objectives: Defining a communication and | Plan released. On time
dissemination strategy.

Expected results: clarify who, what, how,
when and with what.

E2 Objectives: Information to the general | Website, social media, newsletters, | On time
public and stakeholders. video objectives fulfilled.
Expected results: Increase the number of
people aware of the technology.

E3 Objectives:  Technical  dissemination | reached more than 1,500 experts through | On time
activities to potential users. two high-level technical workshops and
Expected results: increase partner | active participation in four major
business. international  conferences, ensuring

strong  visibility among industrial
stakeholders

E4 Objectives: Exchange information between | 5 strategic meetings with public | On time

National and European related projects.

authorities and industrial organisations,
participation in 2 major European
networking events, 1 high-level
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Expected results: Avoid repeated | institutional visit to the pilot plant, and
problems, improve competitiveness of the | creation of database of stakeholders and

technology. projects

F1 Objectives: define the procedures for the | Project management, quality plan and | On time
general management of the project. Principles of Green Procurement
Expected results: suitable development of | released.
the project.

F2 Objectives: Project progress monitoring | Final report released. On time
and reporting.
Expected results: fulfilling of project
objectives.

Results of the replication efforts.

The replication efforts of LIFE HI4S enabled the identification of the steel sector, and in
particular electric arc furnaces, as the most suitable and immediate application for the LIFE
HI4S technology, given the availability of high-temperature off-gases and the potential for full-
scale deployment. In parallel, the project also identified other energy-intensive sectors, such as
ceramics, forging and glass, where partial implementation of specific LIFE HI4S components
(e.g. high-temperature filtration and thermal energy storage) could be of interest. Although no
replication was implemented during the project lifetime, the combined results of technical
validation, digital modelling, sustainability assessment and targeted dissemination activities
significantly reduced the barriers for future replication and laid the foundations for post-project
deployment.

Indicate the effectiveness of the dissemination activities and comment on any major drawbacks.

The dissemination activities of LIFE HI4S proved effective in reaching the intended target
audiences, particularly industrial stakeholders and technical experts, as demonstrated by the
organisation of two high-level technical workshops, participation in four major international
conferences and direct engagement with more than 1,500 experts. These activities contributed
to increasing awareness, technical credibility and stakeholder interest in the LIFE HI4S
technology. However, dissemination effectiveness was partially constrained by the delayed
availability of fully validated pilot results, which limited the possibility to showcase complete
system performance during part of the project, and by confidentiality and operational
constraints at the steel plant that restricted broader involvement of additional steel producers.
Despite these limitations, dissemination efforts were progressively intensified towards the end
of the project, ensuring a solid outreach and positioning of LIFE HI4S within relevant industrial
and policy networks.

Policy impact

LIFE HI4S contributed to policy objectives related to industrial decarbonisation, energy
efficiency and circular economy by providing a validated demonstration of high-temperature
waste heat recovery in a hard-to-abate sector. The project generated technical evidence
supporting the feasibility of recovering and reusing EAF off-gas heat under highly transient
and particle-laden conditions, directly addressing barriers identified in the Iron and Steel
BREF. Through targeted engagement with public authorities, European industrial platforms
and policy-related events, the project supported the positioning of the LIFE HI4S concept as a
candidate Emerging Technique, thereby contributing to the knowledge base informing future
regulatory updates under the Industrial Emissions Directive. While no direct policy changes
were achieved during the project lifetime, LIFE HI4S strengthened the link between
technological innovation and policy development by providing data, performance benchmarks
and implementation pathways relevant to EU climate and energy policies.
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6.4. Analysis of benefits

Environmental benefits:

1. Direct/ quantitative environmental benefits:

At the end of the project, no direct quantitative environmental benefits in terms of energy
savings or emission reductions are reported. This outcome is fully consistent with the
demonstration nature of LIFE HI4S. During the project lifetime, the pilot plant was operated
exclusively for testing, validation and demonstration purposes, without continuous integration
into the steelmaking process. As a result, the recovered energy was not used to offset actual
industrial energy consumption, and no measurable reductions in CO: emissions or primary
energy use can be claimed at project closure.

2. Qualitative environmental benefits

Despite the absence of direct quantitative benefits at project end, LIFE HI4S delivered
significant qualitative environmental benefits. The project successfully demonstrated the
technical feasibility of recovering high-temperature waste heat from highly transient and
particle-laden EAF off-gas streams, a long-standing challenge in the steel sector. The
experimental validation of key components, combined with digital modelling and
sustainability assessments, provided robust evidence that substantial energy savings and CO:
emission reductions are achievable once the technology is deployed at industrial scale.

In addition, the project enabled a more accurate definition of the technology’s capital
expenditure and operational requirements, reducing uncertainty compared to the initial
proposal. This improved cost visibility, together with the increased relevance of waste heat
recovery under current high energy prices and decarbonisation pressures, significantly
strengthened the environmental and economic attractiveness of the solution. These outcomes
form a solid basis for future replication and large-scale implementation, where tangible
environmental benefits are expected beyond the project lifetime.

Economic benefits:

At the end of the project, no direct or realised economic benefits can be claimed, as LIFE HI4S
was implemented as a demonstration project and the pilot plant was operated exclusively for
testing and validation purposes. Nevertheless, LIFE HI4S delivered substantial qualitative and
analytical economic benefits by significantly reducing the uncertainty associated with the cost
and performance of the technology. Based on real pilot plant data, manufactured components
and validated operating assumptions, the project enabled a robust techno-economic assessment
of the LIFE HI4S concept. As a reference scenario for economic assessment, a partial-flow
configuration treating approximately 65,000 m*h of EAF off-gas was analysed as a modular
benchmark. For this configuration, the analysis showed a total recoverable energy of
approximately 9.2 GWhy, per year, split into around 0.43 GWh. per year of electricity
generation for self-consumption (corresponding to an average ORC power output of about 50
kW.) and approximately 4.84 GWhy, per year available for scrap pre-heating. Under this
scenario, the associated potential CO: emission reduction was estimated at around 1,170 tCO-
per year. Using representative European electricity prices for non-household consumers, the
analysis indicates that such a configuration could generate annual economic savings close to
€0.9 million per year, leading to payback periods below two years under favourable operating
conditions. These results are not claimed as realised project benefits, but rather as indicative
figures demonstrating the strong economic potential of the LIFE HI4S technology once
deployed at industrial scale.
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The development and operation of the pilot plant contributed to the reinforcement of technical
skills and expertise of the personnel involved across the consortium, particularly in the areas
of high-temperature waste heat recovery, thermal energy storage and industrial system
integration. In addition, the project led to the creation of one new position at CIC energiGUNE,
directly linked to the implementation and development of LIFE HI4S activities.

Social benefits:

Beyond direct employment effects, LIFE HI4S contributed to capacity building and knowledge
transfer through technical workshops, conferences, stakeholder engagement and collaboration
with public authorities and industrial actors. These activities supported professional
development, strengthened cooperation between research and industry, and raised awareness
of innovative decarbonisation solutions for energy-intensive sectors.

Replicability, transferability, cooperation:

At the end of the project, LIFE HI4S has moved beyond a preliminary approach and delivered
a structured and realistic assessment of replicability and transferability, although no replication
has been implemented during the project lifetime, in line with its demonstrative nature. The
combination of pilot-scale testing, digital modelling, sustainability assessment and business
analysis allowed the consortium to better understand the technical, economic and
organisational conditions required for future deployment. The results clearly identify the
steelmaking sector, and in particular electric arc furnaces, as the most suitable application for
the LIFE HI4S technology. The availability of high-temperature off-gases and the presence of
clear internal heat sinks make both full-scale implementation and staged deployment strategies
technically feasible. Potential concerns related to pollutant emissions were addressed through
the design and operation of the high-temperature filtration system and analysed during the
testing phase, supporting the compatibility of the solution with industrial environmental
requirements.

The project also explored replicability in other energy-intensive sectors. In most cases, the
main limiting factor identified was the absence of suitable heat sinks, which reduces the
economic attractiveness of full-system implementation. Nevertheless, the analyses confirmed
that partial implementation of specific LIFE HI4S components, such as high-temperature
filtration or thermal energy storage, could still be of interest under certain site-specific
conditions.

From an economic point of view, the project demonstrated the cost-effectiveness potential of
the LIFE HI4S concept, characterised by moderate capital expenditure and attractive return on
investment once deployed at industrial scale. Although these results are based on validated
analyses rather than realised benefits, they indicate that the technology could become
increasingly attractive under current and future energy price scenarios.

Regarding cooperation and exploitation, AMS has been identified as a potential first end user,
benefiting from its direct involvement in the project. At the same time, the consortium
recognises that the involvement of other steel producers was limited due to confidentiality and
operational constraints. Future commercialisation and wider replication will therefore require
clear agreements among partners and dedicated engagement with additional industrial
stakeholders, as foreseen in the After-LIFE Plan.

Best Practice lessons:

The implementation of LIFE HI4S highlighted several best practice lessons relevant for future
demonstration projects in energy-intensive industries. Early and continuous engagement with
the industrial host is essential to ensure feasibility, safety and operational compatibility,
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particularly when integrating pilot plants into active production environments. Flexibility in
design and planning proved critical to accommodate site-specific constraints and unforeseen
operational changes. The use of modular and scalable system configurations facilitated
technical optimisation and reduced replication risks. In addition, close coordination among
technical partners through regular meetings enabled timely identification and mitigation of
design and installation challenges. Finally, aligning dissemination and exploitation activities
with the maturity level of technical results helped ensure credibility and effective stakeholder
engagement.

Innovation and demonstration value:

LIFE HI4S demonstrated an innovative approach to waste heat recovery by integrating high-
temperature filtration, slag-based thermal energy storage and flexible heat recovery into a
single system capable of operating under highly transient and particle-laden industrial
conditions. The project advanced beyond laboratory concepts by implementing and operating
a pilot-scale installation in a real steelmaking environment, thereby validating key components
and system integration under representative conditions. Although full performance could not
be demonstrated due to site-specific constraints, the project provided valuable experimental
data and operational insights that significantly reduce technical uncertainty and strengthen the
readiness of the technology for future industrial deployment.

Policy implications:

A formal application has been submitted to the European IPPC Bureau for the consideration of
LIFE HI4S as an Emerging Technique, contributing to the knowledge base that may inform
future BREF revisions under the Industrial Emissions Directive (2010/75/EU).
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7. Key Project-level Indicators

After the development of the project, there is no significant deviations from the initially set
targets. Nevertheless, several indicators have been changed to better reflect the outputs of the
project and two more indicators have been included. The final table of the LIFE HI4S project
indicators is included below:

1.5  Project area/length m2
1.6 Humans (to be) influenced by the project Persons who may have been influenced via dissemination or awareness raising project-actions (reaching)
3.1 ‘Waste management £. Mass reduction due to energy recovery tn/year
3.1  Waste management Mass of non-appropriately managed waste  kg/year
31 ‘Waste management j- Amount collected by project kg/year
3.1  Waste management f. Mass reduction due to incineration with no etn/year
3.1  Waste management d. Mass reduction due to composting tn/year
3.1 ‘Waste management i. Mass reduction due to appropriate disposal tn/year
31 ‘Waste management b. Mass reduction due to preparation for reusetn/year
3.1  Waste management e. Mass reduction due to digestion tn/year
3.1  Waste management c. Mass reduction due to recycling kg/year
31 ‘Waste management a. Mass reduction due to waste prevention  tn/year
ER S ‘Waste management h. Mass reduction due to appropriate storage tn/year
4.1.1 Consumption Electric MWh/year
811 Co2 Industrial production/processes Tons of CO2 fyear
811 co2 Industrial production/processes kg CO2/ton of steel produced (production of material products or environmental outcomes)
10.2  Involvement of non-goveri Public body/bodies number of stakeholders involved due to the project
10.2  Involvement of non-goveri Private for profit number of stakeholders involved due to the project
11.1  Website (mandatory) No. of unigue visits Number of unigue website visits
121  Networking (mandatory) Professionals - experts in the field No. of individuals
13 Jobs No. of FTE
141  Running cost/operating co: Running cost/operating costs during the proje €
14.3 Future funding Grants, subsidies £
14.4.1  Entry into new entities/prcReplication Units
14.4.2  Entry into new sectors Number of new sectors
14.4.3  Entry into new geographic areas Number of new areas

Figure 5. List of LIFE HI4S KPIs

The rate of fulfilment of each of the indicators at the date of the present report is included in
the following table:

»
VALUE VALUE ACHIEVED (%) VALUE 2025 (%)

1.5 Project area/length 0 0.18 70 100%* 200 0%
1.6 Humans (to be) influenced by the project 0 139 3796 100%* 5800 65%
3.1  ‘Waste management 19500000 : 19500000 19500000 0% 19499334 0%
3.1 Waste management 0 0 0 N/A 666 0%
3.1 Waste management 0 0 0 N/A 666 0%
4.1.1 Consumption 390000 389758 675000 100%* 650700 0%
8.1.1 :CO2 150000 1499931 150000 0%* 143049 0%
8.1.1 iCO2 100 99.99 100 0%* 95.37 0%
10.2  Involvement of public non-governmental 0 ! 3 75% 8 38%
10.2  Involvement of private non-governmental 0 20 12 60% 27 A4%
11.1 Website (mandatory) 0 2000 2067 103% 3567 58%
12.1 Networking (mandatory) 0 250 7 3% 12 58%
13 lobs 0 1 0.69 69% Z 23%
14.1  Running cost/operating costs during the p 0 2867761 2867761 100% 11527761 25%
14.3  Future funding 0 0 0 N/A 2000000 0%
1441 Entry into new entities/projects 0 0 0 N/A 1 0%
14.4.2 :Entry into new sectors 0 0 a N/A 2 0%
14.4.3 Entry into new geographic areas 0 0 0 N/A 1 0%

Figure 6. List of LIFE HI4S KPIs fulfillment

N
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The final KPI table shows a differentiated level of achievement across indicators. Excluding
the indicators marked with an asterisk, which cannot be assessed against the original end-of-
project targets due to changes in their definition, baseline or calculation methodology
introduced during project implementation following recommendations from CINEA, the
results indicate that several indicators have been fully achieved by the end of the project. These
include Website visits (11.1) and Running/operating costs during the project (14.1), confirming
that the project has successfully delivered its planned implementation, monitoring and
dissemination activities. Other indicators have been partially achieved, such as Involvement of
public bodies (10.2 — public), Involvement of private stakeholders (10.2 — private), Networking
activities (12.1) and Jobs (13), reflecting the fact that impacts related to governance, capacity
building and employment are inherently linked to post-project replication and market uptake
and are therefore expected to consolidate mainly after project completion.

Four indicators, namely, Project area/length (1.5), Humans (to be) influenced by the project
(1.6), Energy consumption (4.1.1) and CO: emissions (8.1.1), are marked with an asterisk, as
their definition, baseline or calculation methodology was revised during project
implementation under CINEA guidance to better reflect the actual scope and maturity of the
LIFE HI4S demonstrator. For 1.5, the indicator is now based on the real footprint of the pilot
plant and a realistic upscaled scenario beyond three years; for 1.6, the value is derived from a
conservative and fully traceable aggregation of documented dissemination, technical
dissemination and networking activities, explicitly avoiding double counting; for 4.1.1, energy
savings are quantified only in the “beyond three years” scenario, as the recovered energy at
pilot scale was used exclusively for testing purposes; and for 8.1.1, CO2 emission reductions
are calculated exclusively from the estimated reduction in electricity consumption associated
with the realistic post-project replication scenario, using recognised emission factors.
Consequently, these four indicators are not evaluated in terms of end-of-project target
achievement and should be interpreted primarily in a medium-term perspective.
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