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1. /LVW RI NH\ ZRUGY DQG DEEUHYLDWLRQV

Key-word / Abbreviation Description
MTR Midterm report
D Deliverable

M Milestone

FR Final report




2. ([HFXWLYH 6XPPDU\

The LIFE STEAM project aimed to demonstrate and validate the efficiency of an innovative
steam explosion technology for treating lignocellulosic biomass, particularly green waste such
as prunings, clippings, and agricultural residues. The primary objective was to increase biogas
production through enhanced pre-treatment, thus providing a sustainable alternative to
traditional composting. The project was also intended to reduce the environmental footprint,
particularly in terms of water use and CO2 emissions, and to create a replicable and scalable
solution for biogas production across Europe.

Key deliverables of the project included the construction of the first full-scale demonstration
plant of its kind, detailed life cycle assessments (LCA), the development of customized
business plans, and strategic partnerships aimed at the future replication and expansion of the
technology. The project also aimed to deliver tangible environmental benefits, including
reductions in CO2 emissions and water consumption, and to establish strategic partnerships
with stakeholders from both the agricultural and waste management sectors.

The planned activities included the design, construction, and operation of the demo plant, the
assessment of its environmental impact, and the establishment of partnerships to facilitate the
technology's scalability. While the project largely adhered to its timeline, some deviations and
challenges occurred, requiring adaptive solutions.

The demo plant's construction experienced delays, resulting in an amendment that extended
WKH SURMHFWY{V WLPHOLQH 7KH FRPSOH[-COMDRAflaNORH VW HD |
further impacted costs, which exceeded initial budget forecasts by [dppr® W3I8@O00/4

7KLV ILQDQFLDO JDS ZDV FRYHUHG E\ +(5% ZLWKRXW QHJIL
objectives. Additionally, technical issues during biomass pre-treatment slightly reduced the
amount of material processed, which necessitated an adjustment to the key performance
indicators (KPIs).

Despite these challenges, the project met its core objectives. The steam explosion process
demonstrated a 300-400% increase in biogas production compared to untreated biomass,
validating the hypothesis that this innovative technology could significantly enhance biogas
yields. The environmental benefits were further supported by the LCA, which showed that
scaling up the process could provide environmental advantages over traditional composting
methods, including reduced greenhouse gas emissions and improved resource efficiency.

7KH SURMHFWYV DFKLHYHPHQWY DUH UHIOHFWHG LQ WKH \
The demo plant was built and operated as planned, proving the viability of the steam explosion
process on an industrial scale. The LCA confirmed the environmental benefits of the process,
particularly in reducing CO2 emissions when compared conventional composting techniques.

The project also laid the groundwork for future industrial applications through strategic
partnerships with key stakeholders such as Herambiente and C.I.C.A.

Several challenges were encountered during project implementation, primarily related to the
ILQDQFLDO DQG WHFKQLFDO DVSHFWV RI WKH GHPR SODC
consortium partner and the subsequent integration of a new partner required an amendment to
the project and led to some delays. Additionally, post-COVID inflation and increases in
PDWHULDO FRVWV SRVHG ILQDQFLDO FKDOOHQJHV EXW W
contribution.

Operational challenges included the complexity of the SES system and lower-than-expected
biomass processing capacity. These issues were addressed through adaptive management,
allowing the project to stay largely on track despite these setbacks. Overall, the project's



outcomes aligned with its objectives, proving the effectiveness of the technology and setting
the stage for future commercialization and scaling.

The LIFE STEAM project successfully demonstrated the viability of the steam explosion
process for treating lignocellulosic biomass, significantly increasing biogas production while
reducing environmental impacts. Despite some deviations and challenges, the project delivered
on its core objectives, with promising results that support the replication and transfer of the
technology across Europe. The strategic partnerships and business plans developed during the
project provide a solid foundation for future expansions, ensuring that the environmental and
economic benefits of the LIFE STEAM technology can be realized on a larger scale.

In the following table a summary of Deliverables produced and Milestones achieved is
reported.

Deliverable
Action /Milestone | Name Deadline Submitted with / Achieved
Al.l -
Authorization and
procurement
report, including
D Green public 30/11/2021 01/02/2022 MTR

procurement, list and updated (FR)

AC“C”.‘ . Al and rules for
Permitting ang external
procurements assistance
List of all
authorizations an( 01/02/2022
M procurements 31/07/2021 and updated (FR)
needed
A2.1 - Design
report with
technical
Action A.2 LIFE drawings and
STEAM D engineering of the 31/12/2021 31/05/2022 MTR
requirements demo plant,
and technicq including
drawings PCS, SES Unit
Technical
M drawings 01/12/2021 31/05/2022
terminated
B1.1 +Collection,
preprocessing ani
Action B.1 D delivery of GW 30/06/2024 30/06/2024 FR
Feedstock report
collection,
management, Delivery of first
and storage bulk of pretreated
M GW to the 31/12/2023 31/01/2024
Anaerobic
digestion plant
. B2.1 - Plant
Action B.2 Plant , manuals/reports | 31/12/2023 30/06/2024 FR

set-up of the new LIFE




STEAM Demo
plant

Pre-conditioning
system assemble|
in Italy by HERA

31/05/2023

31/08/2023

Full LIFE
STEAM Demo
plant realized

31/07/2023

30/11/2023

Preliminary SES
pressure tests an|
rotation tests in
Valmet workshop

31/03/2023

31/03/2023

Action B.3 Use-
case
implementation
and marke

B3.1 - Report
with test results

30/06/2024

30/06/2024 FR

validation

Results of first
testing campaign
available

31/12/2023

28/02/2024

B4.1 -
Stakeholders and
market analysis

31/12/2023

31/12/2023 and updated (FR)

B4.2 - Replication
and transfer plan

31/12/2023

30/06/2024 FR

Action B.4
Replicability

B4.3 - Full
business plan of
the project,
including
economic
scenario and
sensitivity
analysis

31/12/2023

31/12/2023

and
transferability
roadmap

B4.3 -
Engagement of
policy-makers

31/12/2023

30/06/2024 FR

Business case
fundamentals
prepared for the
full scale plant

31/01/2023

30/06/2024

List of
stakeholders
prepared

31/12/2021

30/06/2024

At least 8
stakeholders
interviewed

31/03/2023

30/06/2024

Workshop with

policy-makers

31/12/2023

30/06/2024




C1.1 - Report on
monitoring of
KPIs, including
update of the
LIFE KPI table +
Midterm report

31/07/2022

MTR

C1.2 - Report on
monitoring of
KPls, including
update of the
LIFE KPI table +
Final report

30/06/2024

30/06/2024 FR

Action C1
Monitoring  of
environmental

and SOCIO1

Cl.3-
Assessment of thy
socio-economic
impact of the
project

30/06/2024

30/06/2024 FR

economic
impacts

C1.4 - Full LCA
of LIFE STEAM
system and
products

30/06/2024

30/06/2024 FR

C1.5 - Synergies
with the EU
priorities for jobs
and growth

30/06/2024

30/06/2024 FR

First validation of
KPIs foreseen by
LIFE STEAM
project

31/12/2022

31/06/2022

Second validation
of KPIs foreseen
by LIFE STEAM
project

30/06/2024

30/06/2024

D1.1-
Dissemination
plan (revised with
new partner)

30/06/2021

30/06/2021 MTR

D1.2 - LIFE
STEAM website
(updated with ney
partner)

30/06/2021

30/06/2021 MTR

Action D.1

D1.3 - Notice
boards

30/06/2022
Updated 30/11/202

30/06/2021 MTR, updated FR

Communication
Dissemination
and Networking

D1.4 -
Dissemination
plan: update

30/06/2022

30/06/2021 MTR

D1.5-
Dissemination
plan

30/11/2019

30/11/2019 MTR

D1.6 - LIFE
STEAM website

30/11/2019

30/11/2019 MTR

D1.7 - Layman's
Report

30/06/2024

30/06/2024 FR

200 stakeholders
reached with

31/12/2022

30/06/2024




dissemination
material

Collaborations
established with Z
LIFE or EU-
funded projects

30/09/2022

30/06/2024

3000 users
reached on the
SURMHFWT
and social
channels

30/06/2024

30/06/2024

Action D.2

Strategic
partnerships

IRUPHUO
STEAM Newco

set-X S~

D2.1 - Full scale
business plan anc
commercializatior
strategy

29/02/2024

30/06/2024 FR

Involvement of
potential
stakeholders by
collecting letters
of interest

31/12/2022

30/06/2024

Action E.1

Project

Management b

HERA

E1l.1 - Project
management plar

30/11/2019

30/11/2019 MTR

E1.2 - Project
management plar
(revised with new
partner)

30/06/2021

30/06/2021 MTR

E1.3 - Kick-off
meeting with new
partner

30/04/2021

11/02/2022 MTR

Consortium
agreement signec

31/07/2021

02/02/2022 MTR

Kick-off meeting

30/11/2019

25/09/2019

Action E.2

After-LIFE
sustainability
Plan

E2.2 -
Customized full
scale business
plan

28/02/2023

30/06/2024 FR

E2.3 - After-Life
plan

28/02/2023

30/06/2024 FR

Collection of all
deliverables and
results of the
project connected
with its

continuation

28/02/2023

30/06/2024

1C



3. , QWURGXFWLRQ

The LIFE STEAM project was developed in response to the increasing need for sustainable
solutions in waste management, specifically in the treatment of lignocellulosic biomass. This
type of biomass, which includes agricultural residues such as pruning and clippings, presents
environmental challenges due to its complex structure. Traditional disposal methods, such as
composting or landfilling, result in significant methane emissions, a potent greenhouse gas that
contributes to climate change. The project aimed to address these issues by demonstrating the
efficacy of steam explosion technology in pre-treating lignocellulosic biomass, thereby
enhancing its anaerobic digestibility and biogas production potential while reducing methane
emissions.

The core hypothesis of the LIFE STEAM project was that steam explosion could break down

the recalcitrant structures of lignin and cellulose, making lignocellulosic waste more accessible

for anaerobic digestion and substantially increasing biogas production. Thus, ther resulting
lignocellulosic biomass treated with the LIFE STEAM prototype represents an alternative to
conventional feedstocks, such as maize. By avoiding the cultivation of energy crops like
maize? which require large amounts of water, fertilizers, and pestiéidésam explosion
WHFKQRORJ\ DSSOLHG WR DJULFXOWXUDO UHVLGXHV ZRXO
emissions associated with agricultural inputs. Although the LCA analysis did not show a clear
&2w HPLVVLRQV DGYDQWDJH IRU ELRPHWKDQH SURGXFHG Y
silage maize (with emissions per MJ being similar), the LIFE STEAM process offers
significantly more room for optimization. For example, if green energy sources such as
photovoltaics are used, the environmental performance could improve further. This makes
LIFE STEAM biomethane a potentially more sustainable alternative to silage maize.

The technical solution implemented by the LIFE STEAM project involved the construction of
the first full-scale industrial demonstration plant to apply steam explosion technology to
lignocellulosic biomass for biogas production. This plant, integrated in the existing green waste
composting plant of Ozzano Emilia in the Emilia-Romagna region, was designed to treat up to
1,8 tons per hour of green waste. The steam explosion process involves subjecting biomass to
high pressure and temperature, followed by rapid decompression, which disrupts the cell walls
of the biomass, making it easier for microbes to convert it into biogas. The demonstration of
this technology at industrial scale marked a major milestone, proving the feasibility of using
waste biomass as an alternative to energy crops like maize.

The expected results included a 300-400% increase in biogas production from lignocellulosic
biomass compared to untreated material, with a significant reduction in methane emissions.
The project achieved biogas yields of up to 293 m3 per ton of volatile solids, slightly lower
initial expectations. Moreover, through the Life Cycle Assessment (LCA) conducted during
the project, it was demonstrated that the application of steam explosion technology on a larger
scale offers significant environmental advantages over traditional pruning treatment methods
like composting. The LCA results highlighted the potential for reduced methane emissions and
improved resource efficiency when steam explosion technology is used for biogas production
compared to composting, further validating the scalability and environmental benefits of the
LIFE STEAM process.

Looking towards the long-term impact, the LIFE STEAM project provides a model for the

IXWXUH RI VXVWDLQDEOH ELRJDV SURGXFWLRQ DFURVV (XU
to develop a technology that could be both replicable and scalable in different industrial and

11



geographical contexts. The successful demonstration of steam explosion technology in a full-
scale industrial setting confirms its potential for integration into existing waste management
infrastructures, particularly where waste heat is available. This integration reduces energy
consumption and supports the EU's Green Deal goals of achieving climate neutrality by 2050.

The replicability and transferability of the technology were key considerations throughout the
project. Industrial stakeholders, such as Herambiente and C.I.C.A., expressed strong interest in
adopting the technology for treating various agricultural residues, including straw and corn
VWRYHU 7KHVH SDUWQHUVKLSY ZHUH LQVWUXPHQWDO LQ
scale deployment. The economic feasibility of the technology was confirmed through the
development of a customized business plan, which demonstrated that full-scale plants using
DJULFXOWXUDO UHVLGXHV FRXOG DFKLHYH D 1HW 3UHVHC
Internal Rate of Return (IRR) of 11.97%. This financial foundation makes the technology an
attractive investment opportunity for public and private sector stakeholders alike.

From an environmental policy perspective, the LIFE STEAM project contributes directly to

the European Union's efforts to reduce greenhouse gas emissions and promote renewable
energy. The steam explosion technology not only increases biogas yields but also offers a more
environmentally sustainable feedstock compared to conventional energy crops. The reduction

in water use and carbon emissions from using agricultural residues aligns with EU priorities,
including the European Green Deal and the Renewable Energy Directive. Moreover, the
SURMHFWTTV ILQGLQJY SURYLGH D YDOXDEOH IUDPHZRUN
management and renewable energy sectors, highlighting the potential for integrating
sustainable technologies into broader energy and environmental strategies.

In conclusion, the LIFE STEAM project successfully demonstrated the potential of steam
explosion technology to revolutionize the treatment of lignocellulosic waste for biogas
production. By increasing biogas yields, reducing methane emissions, and lowering the
environmental footprint of feedstock production, the project has created a sustainable model
for organic waste management. The successful demonstration of this technology at industrial
scale, coupled with strong stakeholder engagement and financial viability, ensures that steam
explosion will play a key role in the future of renewable energy production and waste
management in Europe.

4. $GPLQLVWUDWLYH SDUW

Due to the unforeseen event of the associated beneficiary Economizer bankruptcy, LIFE
STEAM Consortium was obliged to face several important issues and to find a solution without
altering the original scope of the project.

The Coordinating Beneficiary HERA requested the amendment to the Grant Agreement
including: the termination of the associated beneficiary Economizer, the addition of a new
associated beneficiary VALMET, the technical modifications related to a different pilot
solution, the budget modifications and the extension of the project duration of 18 months (12
months + 6 months buffer), i.e., from 28/02/2022 to 31/08/2023. The amendment was accepted,
and VALMET joined the consortium from 05/03/2021.

The second amendment request for the extension of the project duration from until 30/06/2024
has been approved in August 2023.

HERA S.p.A. was coordinating beneficiary and main point of communication with EC on one

hand and with partners on the other. HERA signed in 01/02/2022 the partnership agreements
with the associated beneficiaries: VALMET AB and AYRION S.P.A.

12



The project management structure is composed of:

Davide Nascetti (HERA) - Project Coordinator (PC)

He had the task of communicating, reporting project progress, technical and financial results
to CINEA, according to EC guidelines. He had the overall responsibility for the organization,
planning and controlling the project, including the collection, integration and monitoring of all
technical, administrative and financial data for submission to the Commission. The PC also
set-up a series of internal monitoring activities to check the status of key actions. The most
important tasks were related to the accomplishment of the necessary preparatory actions,
construction of the demo plant, implementation actions, testing, cost control, replicability
actions, communication and dissemination activities. In order to effectively manage the project,
the PC worked in synergy with members that compose the Steering Committee. He was
supported by Giulia Capitani as project Coordinator Assistant and Innovation and Replicability
manager.

Stefano Longo (HERA) - Technical Coordinator and Administrative manager
He worked in a strict contact with PC to ensure the correct management of all documentations
and financing and he was supported by Claudia Piccin as Accounting Manager.

Roberto Raneri (HERA) [Nicola Sabbioneda till December 2020] - Marketing manager
He was responsible of apply the replicability and transferability strategy planned for LIFE
STEAM project in conjunction with action B4, D1 and D2.

Anders Thyr (VALMET) - Technical manager

He was responsible of all technical operations included in action A2, for technical drawings
establishing together with the partners the best plant configuration, action B2 to build and
supervise the demo plant carrying out all the technical integration made on the base of A2. He
had the responsibility of reporting to the PC all the progresses and potential issues incurred
during the technical activities;

Marco Pistocchi (AYR) - Dissemination manager

He had the role of managing and monitoring the communication and dissemination activities
which helped to generate impact and arise awareness among the different kind of stakeholders
as described in action B4 and D1.

The communication with the project monitoring team proceeded smoothly and all updates were
regularly provided to the CINEA/monitoring team by the coordinating beneficiary.

13



5. THFKQLFDO SDUW
5.1 Technical progress, per Action

5.1.1 Action A.1 Permitting and procurements

Foreseen start date: 10/2019 Actual start date: 10/2019
Foreseen end date: 06/2023 Actual end date: 06/2023

Description of the activities carried out

Action Al of the LIFE STEAM project focused on obtaining the necessary environmental
permits to modify the existing composting plant in Ozzano and purchasing the essential
equipment for the prototype's implementation. These activities were crucial to allow the
installation of the Pre-conditioning System (PCS) and the Steam Explosion System (SES), as
well as ensuring compliance with the current regulations.

The first phase of Action Aroncerned the request and acquisition of the necessary
environmental permits. This process was particularly complex as it involved various
regulatory bodies, including the Regional Agency for Environmental Protection (ARPA) and
the Emilia-Romagna Region. Specifically, it was necessary to request a modification of the
Integrated Environmental Authorization (AIA) for the Ozzano composting plant to allow the
installation and operation of the steam explosion system. After an initial request sent on August
24, 2021, ARPA indicated that the update should be handled as a non-substantial modification
of the AIA according to the provisions of Article 29 of Legislative Decree 152/06. The
modified request was submitted on October 8, 2021, and the updated authorization was granted
on December 15, 2021. This authorization included not only the installation of the SES but also
the Pre-conditioning System (PCS), essential for the preliminary treatment of lignocellulosic
waste.

Simultaneously, the Fire Prevention Certificate for the Ozzano plant was updated to align with
the safety requirements for installing the new technological components. The anaerobic
digestion plant in Voltana also received authorization to handle waste treated through the steam
explosion process.

To ensure that the installed equipment met the reqteathical specifications the project

team prepared detailed documentation. This included precise technical specifications for the

purchase of the Pre-conditioning System (PCS) and the Steam Explosion System (SES), as
well as all necessary support infrastructures, such as the steam generator and the conditioning
system.

Theselection of suppliersvas managed through public procurement procedures in compliance
with national and European regulations. The Green Public Procurement criteria were strictly
followed, ensuring that the purchased equipment met the environmental standards established
by the regulations. The SES system was purchased from the supplier VALMET, while HERA
managed the purchase of various auxiliary components, such as the steam generator, condenser,
and other conditioning equipment.

The selection of suppliers for the various pieces of equipment was completed through public
tenders and multiple bidding procedures. The tenders were managed in compliance with
European public procurement regulations, ensuring transparency and adherence to the principle
of best value for money.

14



Comparison with planned results

In line with the project plan, all environmental permits were obtained, allowing the installation

of the SES and PCS at the Ozzano plant. However, some adjustments and extensions were
required compared to the initially planned dates. Specifically, the AIA authorization was
extended until the end of the project (June 30, 2024) due to delays in prototype implementation,
which postponed the start of the experimental test. This delay impacted subsequent project
phases, pushing the start of experimental testing to mid-2023. However, this extension
provided the necessary time for technical adjustments, ensuring regulatory compliance and a
smooth transition to the pilot plant's operational phase.

Challenges, Adjustments, and Solutions

Action Al encountered some challenges, including an extension of the AIA authorization due
to delays in the prototype installation. Initially set to expire in December 2023, the
authorization was extended to June 2024, allowing the team to complete the necessary
adjustments without impacting the overall project timeline.

Post-COVID inflation also led to increased costs, particularly for raw materials like steel. This
was mitigated through budget reallocations and additional internal funding, ensuring that the
SES system could be purchased without compromising project quality. The rise in material
costs led to an additional budgetary requirement, which was mitigated through resource
reallocation within the project and extra internal funding from the consortium. This adjustment
ensured that procurement activities could continue without compromising the project scope
The complexity of the SES system required further technical modifications, causing minor
delays. Close coordination with VALMET and extra technical resources ensured successful
installation, with no significant impact on the project's broader goals.

Overall, these challenges were effectively managed, and the key installations were completed
ZLWKRXW FRPSURPLVLQJ WKH SURMHFWYIVY GHOLYHUDEOHYV

Deliverable | Name Deadline Submitted with

/Milestone /Achieved

D Al.1Authorization and procureme
report, including Green publi 01/02/2022 MTR
procurement, list and 3071172021 and updated (FR
rules for external assistance

M List of all authorizations an 01/02/2022
procurements needed 30/11/2021 and updated (FR




5.1.2 Action A.2 LIFE STEAM requirements and technical drawings

Foreseen start date: 09/2019 Actual start date: 09/2019
Foreseen end date: 06/2023 Actual end date: 06/2023

Description of the activities carried out

Action A2 involved the detailed design and engineering of the demonstration plant for treating
lignocellulosic waste, with particular attention to the integration of new technologies at the
existing Ozzano Emilia site owned by HERAMBIENTE (Hera Group). This demo plant uses
the innovative steam explosion technique to pretreat green waste before anaerobic digestion,
significantly increasing biogas production. The demo plant was designed to treat up to 16 tons
per hour of green waste and includes various treatment units, including the Pre-conditioning
System (PCS) and the Steam Explosion System (SES).

1. Design of the Demo Plant

The overall design of the plant included a series of technological components, each playing a
crucial role in the treatment of lignocellulosic waste. VALMET developed the steam explosion
system (SES), while HERA worked on modifying the existing infrastructure to integrate the
SES and PCS. These systems were installed inside Building C at the Ozzano site, an area
already authorized for green waste management.

> s

Fig. 1 +the main entrance of the life steam plant in building C
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Fig. 2 +Plant layout AS BUILT

- Input hopper (M1): Pre-Shredded green waste is introduced into a metal hopper with a
capacity of 15 m3, located 15 meters above ground level. From here, the material is transported
via conveyors to subsequent treatment stages.

ig. 3 thoper

- Hydraulic stone and sand separator (M2): Before entering the SES, the material passes
through a hydraulic separator that removes inert materials (stones, sand) to avoid damage to
the fine shredder blades and the SES.
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Fig. 4 +de-stoner

- Fine shredder (M3): The shredder further reduces the material to a maximum size of 30 mm
to optimize the effectiveness of the steam explosion process. The installed model is the
WEIMA Single-Shaft Shredder WLK 1500.

Wiy

Fig. 5 *Weima Fine shredder
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- Filtration and screening system (M3_1): A two-level screen further separates fine fractions
and oversized fractions, which are sent back to the shredder to achieve a homogeneous size.

W

Fig. 6 tFine screening 6perating after the shredder belt

- The Steam Explosion System (SES) designed by VALMET was developed as a prototype

and installed at the demonstration plant. This system heats the material to a temperature of
210°C and a pressure of 18 bar, then rapidly expands it into an atmospheric pressure
environment, causing mechanical separation between lignin and cellulose. The treated material
is then sent to the Voltana site for anaerobic digestion.

1¢



Fig. 7 £complete steam explosion system on site

- Osmosis water production plant (M5): A 1,700 liters/hour capacity osmosis water production
plant was installed, necessary to supply the steam generator and for technical uses in the SES
system.

2C



Fig. 8 +Osmosis plant

- Steam generator (M6): Powered by natural gas, the generator produces high-pressure steam
(210°C, 18 bar) to supply the SES, with a capacity of 1,250 kg/h of steam. The generator was
installed in an external container near Building C.

o

Fig. 9 tsteam generator+container and steamer

- Condensate and air-cooling system (M7-M8): An air-cooling system designed to condense
the steam used in the SES process was integrated with the steam recovery system to optimize
water consumption.
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Fig. 10+steam condenser simplified scheme and steam condenser as-built

Comparison with planned results

Action A2 achieved all the expected results in terms of the design and engineering of the
demonstration plant. The technical drawings were completed according to the planned
schedule, and the integration of the new units with the existing infrastructure was successfully
carried out.

Challenges, Adjustments, and Solutions

Action A2 faced a few technical challenges, which were effectively addressed to minimize
their impact on the project. One key adjustment was the installation of a 1,700-liter/hour
osmosis water production plant, necessary to ensure the SES system's optimal performance.
This addition, though unplanned, did not significantly delay the project but added complexity.
Another modification involved a condensate filtration system to remove lignocellulosic
material, improving process efficiency and reducing wastewater. This system was integrated
successfully without major delays.

The need for additional systems, such as the osmosis water plant and condensate filtration,
arose during the technical design phase. These systems were critical for ensuring the efficiency
of the steam explosion process and maintaining compliance with environmental standards.
Technical coordination between suppliers, particularly for the integration of the SES and
auxiliary systems, proved more complex than expected. However, regular communication and
collaboration between partners mitigated these challenges.

Despite these adjustments, the technical drawings and plant design were completed on time,
and the systems were integrated smoothly. The delays had minimal impact, and Action A2
achieved its overall objectives.

Deliverable | Name Deadline Submitted with
/Milestone /Achieved
D Design report with technical drawings aj 31/12/2021 | 31/05/2022 MTR
engineering of the demo plant, including
PCS, SES Unit
M Technical drawings terminated 01/12/2021 | 31/05/2022
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5.1.3 Action B.1 Feedstock collection, management and storage

Foreseen start date: 07/2023 Actual start date: 11/2023
Foreseen end date: 06/2024 Actual end date: 06/2024

Description of the activities carried out

Action B.1 involved the collection, pre-treatment, and logistical management of lignocellulosic
biomass needed to supply the demonstration plant for the LIFE STEAM project. The biomass
used was primarily composed of green waste collected in the Emilia-Romagna region, managed
and selected through authorized HERA facilities. The main goal of this Action was to ensure
that the collected biomass was of high quality and suitable for treatment with the innovative
steam explosion system, ensuring continuity in the demo plant's production process.

Thebiomass collectedor the LIFE STEAM project came from municipal and rural areas of

the Emilia-Romagna region. HERA, the partner responsible for managing collection, handles
over 210,000 tons of green waste annually. A specific portion of this volume was selected for

the project, with particular attention to the lignocellulosic content of the waste to optimize the
efficiency of the steam explosion process.

The collection was concentrated mainly within an area with a maximum radius of 60 km from

the demonstration plant. This geographic limitation was adopted to minimize transportation
costs; DQG WKH HQYLURQPHQWDO LPSDFW DVVRFLDWHG ZLWK
of the waste was collected within a 40 km radius, which significantly reduced logistical costs

and improved the operational efficiency of the project.

= ~'f‘-t £
Fig.11 - A truck loaded with GW entering

Thepre-treatment phasewas crucial to ensure that the biomass was ready for the subsequent
steam explosion process. Pre-treatment was carried out at HERA's facilities and included
coarse grinding and screening of the biomass to select only the fraction with sizes between 15
and 120 mm.

Two waste streams were managed: the first, collected through street containers, had lower
quality due to the presence of plastic and other unwanted materials. The second stream, from
public green space maintenance companies, provided higher-quality material with a higher
wood content and lower contamination from materials like plastic and grass, which do not
contribute to biogas production.
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The selected waste was processed through a series of mechanical stages, including grinding
and the removal of inert materials such as plastic and metals, to ensure that only lignocellulosic
material was sent to the demonstration plant.

The pre-treated biomass was transportedveekly from HERA's facilities to the demo plant

in Voltana. Each biomass load was carefully planned to ensure regular and constant delivery

of material to the plant.

A route optimization system was implemented to minimize transportation costs and the
environmental impact. The routes were selected to reduce distances and transportation time,
UHVXOWLQJ LQ IXHO VDYLQJV DQG D UHGXFWLRQ LQ &2w HF

Fig.12 - Loading of treated GW into truck ready for shipment to Voltana plant

To ensure the effectiveness of the steam explosion process, it was essential to monitor the
quality of the collected and pre-treated biom&ssmass characterizationtests were carried

out, with particular attention to the cellulose, hemicellulose, and lignin content, the main
components determining the efficiency of the bioconversion process.

The selected biomass fraction met the required technical specifications to ensure optimal
efficiency in the anaerobic digestion phase. The biomass was transported and delivered in
optimal conditions, ensuring there were no delays or problems in biogas production.
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www.lifesteam.ey ZDV UHJXODUO\ XSGDWHG ZLWK LQIRUPDWLRQ
including technical results, public reports, and event announcements. This was complemented

E\ WKH SURMHFWfV SUHVHQFH RQ /LQNHG,Q DQG 7ZLWWHU
target groups. Byseptember 2024 the website had attractdd128 visitorsand generated

1,885 page views Visitors accessed the site primarily via direct links, reflecting the
effectiveness of promotional efforts during events and through other communication channels.






https://www.linkedin.com/company/lifesteam/)
had attracte®70 followers with a significant engagement rate: a post shareduoe 28,
2024 achieved.,033 impressionsand648 clicks These figures highlighted the success of the
SURMHFW{V VRFLDO PHGLD RXWUHDFK SDUWLFXODUO\ LC
academia.
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BIORESTEC Garda 100 Project results Leaflets (50)
Conference Lake, May dissemination
2023

Valmet Rimini, 40 Project results Leaflets (50)
ECOMONDO 202 November dissemination
2023

HERA- Bologna, Project  result§ Notice board (1)
Valmet- | June 2024 dissemination and leaflets (50)
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LIFE19 ENV/IT/000185
Life Green Factory
01/09/2020 - 28/02/2024

The project aims to reduce particule
matter (PM) concentrations in met
factories using an energy-savir
electronic detection system. This syst¢
monitors air quality through a network ¢
loT sensors that optimize facto
ventilation, reducing pollutants like PN
VOCs, and odors. The project focuses
improving indoor air quality and reducin
energy consumption by up to 30%, with
99% reduction in PM emissions

Marco Grazioli

marco.grazioli@losma.it

The company suggested integrating their 10|
based air monitoring solution into the futun
LIFE STEAM full-scale plant




LIFE DualNG powered heavy-duty vehicles to use availability in Italy and explore synergie
01/09/2020 - 29/02/2024 dual-fuel system (diesel + natural gas) g.ambrosio@csmt.it between the DuaLNG project and LIF
reduce emissions and fuel costs STEAM

ILIFE19 ENV/IT/000209 The project project retrofits diese *LQD 'f$PEURVLR To exchange insights on biomethal

https://youtu.be/43B-

K6EUdy0?si=5AX6WQtNbILKsCIQ
o The second video, produced Bfalmet, focused on the installation and
functioning of theValmet DNA automation system a key technological
component that automated the steam explosion process at the plant. Available
athttps://youtu.be/1e43vYwk27E?si=wopYFAG1s_gOpYSA
These videos were shared on the LIFE STEAM website and at key events, making them
accessible to a broader audience.

Additionally, a /D\PDQYfV 5BABRUNHSDUHG WR VXPPDUL]H WKH SLU
accessible format. This report was distributed during the final project event and made available

on the website for download:
https://www.lifesteam.eu/files/foto/download/43 Layman_Report_final.pdf

Finally the notice board has been updated with a summary of project results and shared in the
in the project web site:
https://www.lifesteam.eu/files/foto/download/44 notice_board_2024.pdf.

Moreover, the project also received significant coverage in Italian newspapers through various
press releases published at the end of the project:
https://www.lifesteam.eu/files/fotoData/download/17 20240819 Rassegna_stampa e web
Life_Steam_Ozzano.pdf
































































Project results immediately visible or results that will only become apparent after a certain time
period is summarized below.




Two amendments were requested and accepted during the project that allowed to reach the
project objectives and schematized below.

Considerable efforts have been made to replication activities

1. Stakeholder Engagement






























