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WELCOME NOTE FROM OUR PATRON, PROF. DR. MICHAEL NELLES

Welcome note from our patron, Prof. Dr. Michael Nelles

Dear Participants of the 8™ Doctoral Colloquium,

as the new patron of the Doctoral Colloquium
BIOENERGY AND BIOBASED PRODUCTS, | am de-
lighted to look back on a very successful event in
Stuttgart. With a total of 74 participants, we were
once again able to record a very well-attended
event, which was also characterised by numerous
exciting presentations, an interesting supporting
programme and an overall very positive atmo-
sphere. | would like to express my sincere thanks
to all those involved and the organisers!

In order to reflect current political and economic
developments, the thematic scope of this year's
event was expanded to include research in the
field of biotechnology and bioeconomy in indus-
try. A new session focusing on ‘Circular Bioeco-
nomy in Industry’ was set up for this purpose. Va-
rious doctoral students presented and discussed
their projects on questions such as ‘How can we
expand industrial capacities to close a non-fos-
sil carbon cycle? and ‘How can we decarbonise
the steel industry?’. In a total of six sessions, 24
presentations and 31 scientific posters, the entire
spectrum of possible uses for biomass was once
again covered.

As patron, | am particularly impressed by the high
quality of the presentations (including posters),
the lively discussions and the keen interest in net-
working among the doctoral students, but also
with the many participating professors. The in-
creasing participation of international scientists,
e.g. from Europe, Africa and Australia, is also par-
ticularly noteworthy. It has once again shown that
our event has struck the right chord.

| would like to take this opportunity to congratu-
late all the winners of the ‘Best Oral Presentation’
and ‘Best Poster’ categories!

Prof. Dr. Michael Nelles, DBFZ/University of Rostock

My special thanks go to the organisers of the
event, in particular Prof. Dr. Ralf Takors and
Dr. Ludger Eltrop, as well as the many helpers who
made this event possible. We are delighted to be
able to host the next event at the DBFZ in Leipzig
again. Please make a note of the dates, 23./24.
September 2026. As always, all the important in-
formation can be found on the DOC website at
www.doc-bioenergy.de

In this conference reader for the event, you will find
all approved abstracts, slides and posters, as well
as further information about the event. We hope
you enjoy studying the exciting presentations and
look forward to the next Doctoral Colloquium next
year.

Prof. Dr. Michael Nelles
DBFZ / University of Rostock
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Greetings from Prof. Dr. Ralf Takors and Dr. Ludger Eltrop

Dear Participants of the 8" Doctoral Colloquium,

on behalf of the organizing committee we like
to thank you all for your active participation and
engagement in the 8" Doctoral Colloquium BIO-
ENERGY AND BIOBASED PRODUCTS here in
Stuttgart. From our point of view this was an
excellent event, with engaged participants, exci-
ting scientific contributions and an inspiring at-
mosphere triggering a more intense exchange and
transfer of knowledge. One of the important aims
of our colloquium was to bring together all of you
at an early stage of your career, but also with se-
nior researchers and industry leaders to exchange
knowledge and discuss research gaps and chal-
lenges. We also wanted to encourage networking
and foster information exchange between scien-
tific institutions that are working in relevant fields
of bioenergy and biotechnology research.

During our colloquium we have discussed such
issues and we also saw a number of case studies
on integrated production and use of bioenergy and
biotechnology. Through the keynotes we learned
that bio-based processes and products are de-
manded by the industry and thus it is promising to
go for a career in this sector. The title of the event
from bioenergy to bio-based products showed the
great variety of processes and pathways that we
have in mind when conceptionalising the colloqui-
um. Through your presentations and posters you
showed the many approaches and opportunities
that lie in this sector. You also showed your ambi-
tion for in-depth studies during your doctoral the-
ses. With our colloquium we wanted to encourage
you to become even stronger through sharing, in-
teracting and transferring your knowledge to col-
leagues and partners.

In the last years, together with the DBFZ in Leipzig

and other partner like the University of Rostock,
Hohenheim, Erlangen, Géttingen and others, we

8™ DOCTORAL COLLOQUIUM BIOENERGY AND BIOBASED PRODUCTS

Prof. Dr. Ralf Takors/Dr. Ludger Eltrop, University of Stuttgart

were able to set-up this series of exciting doctoral
colloquia. At the University of Stuttgart, in colla-
boration with others like the Fraunhofer IGB, we
have formed a research alliance, the Stuttgart Re-
search Partnership (SRP) “ValBio - Valorization
of Bioresources”. The SRP ValBio endeavours to
foster up-to-date research with a focus in biotech-
nology, bioenergy, bio-engineering and system
analysis. At the University of Hohenheim a broad
field of bio-based research areas is covered, that
is implemented from laboratory scale via techni-
cal centers to large-scale practical pilot plants.

As organizers of this event we like to take this op-
portunity to thank you again for your engagement.
We encourage you to pursue your career in this
exciting field and we are available for any more
assistance that is needed.

Looking forward to seeing you next year again.

Prof. Dr. Ralf Takors / Dr. Ludger Eltrop
Institute of Biochemical Engineering /
Institute of Energy Economics and
Rational Energy Use, University of Stuttgart

<
)
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THE RECENT HISTORY OF THE DOCTORAL COLLOQUIUM BIOENERGY AND BIOBASED PRODUCTS

The recent history of the Doctoral Colloquium BIOENERGY AND
BIOBASED PRODUCTS
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Impressions

Pictures: Katja Lucke, Elena Angelova (DBFZ), University of Stuttgart
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Santa Margarida Santos, Nova School of Science and Technology

Waste-derived Pellets — Influence of RDF: Biomass Ratio and Slow
Pyrolysis on Pellet Properties and CO, Gasification

Santa Margarida Santos, Cecilia Pedrero, Margarida Gongalves, Paulo Brito, Catarina Nobre

NOVA School of Science and Technology
2829-516 Quinta da Torre, Caparica, Portugal
Phone: (+351) 21 294 8300

E-Mail: margarida.santos@ipportalegre.pt

Keywords: refuse-derived fuel, biomass, pellets, gasification

Introduction

The increasing volume of heterogeneous solid
waste underscores the need for sustainable va-
lorization routes. Refuse-derived fuel (RDF), pro-
duced from the high-calorific fraction of municipal
or industrial waste, can be converted into pellets
and chars for material and energy recovery, alig-
ning with circular economy strategies. Combining
slow pyrolysis and CO, gasification of RDF-bio-
mass pellets produces H,-rich syngas, providing a
sustainable and innovative way to convert waste
into renewable H.,.

However, its use in energy systems presents chal-
lenges due to variability in composition, low bulk
density, chlorine emissions, and poor handling
in waste-to-energy (WtE) plants. Co-pelletization
with lignocellulosic biomass waste (BW) and ther-
mochemical upgrading, such as slow pyrolysis,
can mitigate these issues.

Biomass contributes binding properties lacking
in RDF, particularly lignin. Compared to raw RDF,
densified RDF-BW pellets improve handling, sto-
rage, and combustion performance while yielding
high-quality chars. This study evaluates RDF-BW
pellets and their pyrolyzed chars to optimize so-
lid biofuels from endoflife waste. The influence of
the RDF-BW ratio and slow pyrolysis on the physi-
cochemical properties and behavior of CO, gasifi-
cation at 950 °C is evaluated.

Approach/Methods

RDF and BW mixtures were pelletized using a 6
mm die semi-industrial unit (Andritz, Germany).
RDF was milled (<10 mm) and blended with crus-
hed BW in five ratios. All pellets were subjected to
slow pyrolysis at 400 °C for 1 hour in a muffle fur-
nace. Pellets and resulting chars were physically
and chemically characterized. Gasification under
CO, was simulated in a Thermogravimetric Ana-
lysis (TGA) to assess the conversion behavior of
pellets and chars.

Results/Outlook

RDF addition enhanced pellet performance, in-
creasing mechanical durability (97.7 % — 99.5%)
and reducing fines (2.3 % — 0.5 %). Despite lower
density, 32 % plastic content contributed to pel-
let integrity. RDF pellets showed a 16 % increase
in higher heating value (HHV) (20.85 MJ/kg) and
peaked in energy density at 11.5 GJ/m3. Chlori-
ne levels rose, but slagging and fouling indices
decreased, indicating improved thermal behavior.
In chars, higher RDF content led to increases in C,
H, and HHV (15.5 — 23.7 MJ/kg), though chlorine
content reached 1.97 %. Simulation results of CO,
gasification at 950 °C indicate that char gasifica-
tion times are generally longer than those of raw
pellets, while higher RDF content accelerates con-
version. These findings confirm RDF’s potential as
a viable, high-performance alternative fuel when
densified and thermochemically upgraded.
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Holger Braun, Hochschule fir Wirtschaft und Umwelt Nirtingen-Geislingen

Peat reduction in hobby gardening - Perspectives of hobby gardeners

from gardening to product decision

Holger Braun, Prof. Dr. Carsten Herbes

Hochschule fiir Wirtschaft und Umwelt Niirtingen-Geislingen (HfWU)

Neckarsteige 6-10
72622 Nirtingen, Germany
E-Mail: holger.braun@hfwu.de

Keywords: peat reduction, sustainable consumption, consumer research, gardening

Introduction

Peat is still an important raw material for the pro-
duction of potting soils used in hobby gardening.
In 2021, the share of peat in potting soils in the
German market was 48 %. Due to the negative
climate impact of peat, the German government
aims to eliminate peat in the hobby sector by 2026
through a voluntary replacement of peat by rene-
wable bio-based resources. To support this volun-
tary transition, a comprehensive understanding of
the general motivation and attitudes as well as be-
havior of hobby gardeners regarding potting soils
is needed.

Approach/Methods

The aim of the dissertation project is therefo-
re to provide this basic understanding through a
series of studies. First, an exploratory qualitative
interview study was conducted to investigate gar-
dening practices and the role of potting soils. Ba-
sed on this, a Q-study - a mixed-method approach
- was carried out in order to identify the primary
motives and attitudes towards gardening and the
selection of potting soil. The third study focused
on the actual purchasing behavior of hobby garde-
ners. A quantitative eye-tracking experiment was
conducted to analyze the behavior of consumers
when making their decision on potting soils at a
simulated point of sale. Throughout the three stu-
dies, the perspective moved from a broad appro-
ach on gardening aspects towards a more focu-

sed product- and purchase-centered approach.

Results/Outlook

The results of the research provided important
insights into gardening motivation and the role
of potting soils in the practice of gardening. The
primary motivation for hobby gardeners is to
achieve success in plant cultivation, whether it is
designing their garden with flowers or producing
their own vegetables. Potting soils play only a se-
condary role.

Gardening is generally not associated with pot-
ting soils. Attitudes to gardening do not neces-
sarily translate into attitudes to potting soils, i.e.
environmentally conscious gardeners are not
necessarily environmentally conscious in their
buying decision. Potting soils are primarily a
price-sensitive product segment, where packa-
ging design elements such as certifications and
layout can influence product decisions. The low
level of involvement of hobby gardeners in potting
soils and product decisions is a challenge, espe-
cially for the voluntary transition of consumption
from peat-based to peat-free products. It is the-
refore crucial for policy makers and marketers to
develop low-threshold communication channels
to reach hobby gardeners with information about
potting soils. Given the target of phasing out peat
by 2026, we discuss various approaches and inst-
ruments to support this transition.
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Introduction

In Biogas plants, biogas is produced as an ener-
gy source and digestate occurs as a by-product.
Digestate contains most of the nutrients, mainly
ammonium nitrogen, phosphorus (P) and potas-
sium. Phosphate (PO,*) precipitation is a com-
mon process for recovering P from digestate.
The PO is first dissolved at low pH, separated
from the particles and then precipitated at alka-
line pH as PO salt. Acidification can be done
with liquid acids, and sodium hydroxide is used
for subsequent alkalization. As an alternative to
acidification with inorganic acids, CO, treatment
can be used for treating sewage sludge. The aim
of this work is to optimize nutrient recovery from
digestate. It is examined whether CO, and NH, tre-
atment is suitable for the recovery of PO - from
digestate. Moreover, an innovative low pressure
disc stripper is developed for energy efficient am-
monia (NH,) recovery.

Method

For P recovery, the treatment of liquid digestate
(LD) with CO, was carried out in pressure-stab-
le batch reactors at 5 and 10 bar between 5 and
45°C for 30 min. The pH value was measured and
the PO - and P content of both phases was deter-
mined after pressure filtration. For N recovery by
NH,-stripping, energy savings should be reached
by high surface area of rotating disks and with low

pressure of 500-900 mbar. The Pilot plant for N
and P recovery is realized at the research biogas
plant in cooperation with the company Geltz Um-
welttechnologie. The use of CO, up to 10 bar for
acidification in P recovery enables the integration
of biogas upgrading. NH, recovered from LD and
lime is used for the subsequent alkalization and
precipitation of PO - salt.

Result

When treating LD in the laboratory with 5-10 bar
CO,, the pH value was reduced from 8 to 6 with a
minor influence of the temperature. LD contains
several buffering compounds hindering a further
acidification by stabilizing the pH. After CO, tre-
atment at 15 °C, the P and PO content in the
filtrate increased by about 200 %, which can be
explained by the dissolution of PO - compounds.
The results show that P recovery from digestates
with CO, is possible. Currently the experiments for
NH, stripping by the low-pressure disc stripper are
running and the construction of the pilot plant is
almost completed.
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Introduction

The C4B project focuses on new valorization
techniques for agricultural and forestry residual
or waste materials, contributing to greater resour-
ce efficiency and replacement of fossil fuel-based
products with more sustainable biobased alterna-
tives. One promising case study within this initi-
ative focuses on the utilization of potato poma-
ce, a byproduct of potato processing, to produce
bio-based products such as 5-hydroxymethylfur-
fural (HMF) and other valuable chemicals through
on-farm small biorefineries thereby promoting
sustainable value chains. In this context, the en-
vironmental sustainability assessment of biorefi-
nery process is viewed as part of the strategy to
reach this overarching goal.

Methodology

The aim of this study is to assess the environ-
mental sustainability of the potato value chains
through a detailed Life Cycle Assessment (LCA)
methodology, utilizing OpenLCA software. The re-
ference flow is defined based on mass, specifical-
ly as 1 ton of potato pomace and is considered to
have no environmental impact. The analysis was
conducted on two scales: small scale and large
scale, utilizing heat and electricity sourced from
a biogas plant and wood chips, respectively. The
inventory includes potato pomace, sulfuric acid,
activated carbon, tap water, ethanol, heat, and
electricity, with the outputs being HMF.

The production process involves several stages,
including biomass pretreatment, acid hydrolysis,
HMF formation, and HMF purification. The selec-
ted impact categories for the life cycle assess-
ment are ReCiPe 2016 v1.03 midpoint H and end-
point H.

Results

Small-scale scenario contributes to Climate ch-
ange around 47.61 kg CO, eq per ton, while lar-
ge-scale contributes to 31.9 kg CO, eq. Heat pro-
duction using woodchips causes major land use
impacts (82 %) in large scale due to deforestation
and biomass cultivation. Sulfuric acid significantly
contributes to acidification and particulate matter
formation (52-67 %) in both scales, mainly from
sulfur recovery in petroleum refining.

The selection of an energy source exerts a sub-
stantial influence on environmental outcomes.
Small-scale scenarios exhibit higher impacts
per unit of energy produced, whereas large-sca-
le result in more pronounced land use impacts.
Furthermore, the production and disposal of sol-
vents employed in biorefinery processes constitu-
te significant contributors to overall environmen-
tal burdens.
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Introduction

The supply of biomass is a crucial aspect within
the bioeconomy. In addition to the quantity, quality
and characteristics of the biomass, available in a
specific area, the logistical costs of collecting and
transporting the biomass from the source to the
demand side are also important, especially with
regard to the economic analysis of biomass valo-
risation options.

Approach/Methods

Biomass logistics from source to plant are opti-
mised based on the objective function of mini-
mising total logistics costs. These costs are the
sum of supply costs at the source, handling costs,
transport costs and optional storage costs at in-
termediate storage facilities, depending on the
transport distance and tonnes of biomass hand-
led. Straw is used in the case study because it is
one of the most important biogenic by-products,
residues and wastes in Germany in terms of its
technical potential [1]. The field locations are de-
rived from existing satellite data of the Thiinen
Institute [2] [3] and merged with the technical bio-
mass potential of the counties [4]. The location
of the theoretical biorefinery is based on the avai-
lability of cattle manure within a research area in
central Germany. Transport distances are calcu-
lated using the existing road network and taking
into account the loading capacity of transport and
handling vehicles. With predefined supply chains,
total logistics costs are modelled for different le-

vels of straw demand at the plant to obtain cost
supply curves.

Preliminary results

First model runs and preliminary results of the
model indicate that the assumed storage costs
strongly influence the inclusion of intermediate
storage in the optimization solution. In addition,
farm-level supply costs play an important role in
the selection of fields for straw collection. The as-
sumptions need to be validated in order to reach
reliable results.
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Introduction

The sustainable utilization of biomass is of pivotal
significance in achieving targets set forth in the
context of climate change, in conjunction with the
implementation of the energy transition. The key
points of the national biomass strategy empha-
size the utilization of materials over energy. Lig-
nocellulosic agricultural by-products represent
a resource which is under-utilized. Concurrent-
ly, thereis an increasing demand for sustainable
substrate alternatives in horticulture, because the
extensive utilization of peat is associated with si-
gnificant ecological disadvantages. Considering
the context, the objective of the project is twofold:
firstly, to utilize lignocellulosic residues as a subs-
titute for peat, and secondly, to harness these re-
sidues as a source of biogas.

Approach/Methods

The project investigates the application of steam
explosion as a central processing technology.
Subsequent to this, a solid/liquid separation pro-
cess is implemented to yield fibers intended for
substrate production, while the liquid phase is
directed into a two-stage biogas plant. The sub-
strates utilized encompass wheat and rice straw,
cocoa bean shell, tomato plant residues and ba-
nana peels. The substrates are characterized,
prepared, and the steam explosion conditions are
systematically varied. The objective of this study
is to analyze the effect of these parameters on the

quality of the substrate (e.g. water holding capa-
city, pollutants, nitrogen balance) and the biogas
potential of the liquid phase. Furthermore, both
germination and planting experiments will be con-
ducted. The results will be evaluated within the
context of an overall system that is as energy effi-
cient as possible.

Results/Outlook

Preliminary investigations suggest that the fi-
ber-rich residues could have potential application
as a growing medium. The liquid phase exhibits a
high specific methane yield, which is a promising
indicator for energy production. In the subsequent
phases of the project, the feasibility of utilizing the
solid portion as a peat substitute will be examined
in greater detail, with specific attention devoted to
its water holding capacity and the impact on plant
growth. The objective is to establish a recycling
solution that is optimized with respect to material
and energy, and which has a balanced energy ba-
lance.
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The aviation sector faces increasing pressure to
align greenhouse gas (GHG) emissions reporting
with the Corporate Sustainability Reporting Direc-
tive (CSRD), which sets high demands for transpa-
rency, comparability, and scientific robustness in
corporate disclosures. This study provides a de-
tailed comparative analysis of eleven widely used
GHG calculation methodologies for aviation, exa-
mining their alignment with CSRD requirements
and their implications for both corporate sustain-
ability strategies and regulatory compliance.

A multi-criteria analysis framework was applied
to assess key dimensions: system boundaries
(tank-to-wake vs. well-to-wake), inclusion of non-
CO, effects through Radiative Forcing Index (RFI)
factors, data granularity (flight-specific vs. aggre-
gated averages), lifecycle coverage, booking class
differentiation, and adherence to standards such
as ISO 14083, the GHG Protocol, and CORSIA. By
combining literature review with expert insights
from industry practitioners, the analysis highlights
the operational feasibility and data requirements
of each methodology.

Results reveal pronounced differences in emissi-
ons estimates - particularly for long-haul flights
- driven by methodological choices on RFI, treat-
ment of upstream fuel emissions, and the extent
of operational data integration. Comprehensive
methodologies such as DEFRA, CO, emissiefac-

toren, and ADEME, which account for lifecycle
stages and non-CO, impacts, deliver greater regu-
latory alignment but entail higher complexity and
data demands. In contrast, simpler approaches
like ICAO and EPA are more accessible yet risk
significant underestimation of aviation’s climate
impact, potentially creating compliance gaps un-
der CSRD.

The study concludes that greater harmonization
of aviation GHG accounting is urgently needed to
ensure comparability, credibility, and regulatory
readiness. Standardizing treatment of non-CO, ef-
fects and lifecycle emissions, coupled with trans-
parent documentation, would enhance the reliabi-
lity of Scope 3 reporting and support meaningful
climate action. For industry and policymakers
alike, aligning on a narrow set of robust, imple-
mentable methodologies is a critical step toward
achieving consistent, high-quality reporting and
accelerating the sector’s decarbonization.
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Introduction

Decentralized renewable energy systems are
a cornerstone of Germany's energy transition.
However, their often uncoordinated expansion
presents significant challenges for grid stability
and the efficient supply and use of energy. Bio-
mass-based hybrid systems, such as pellet bo-
ilers or CHPs combined with heat pumps, offer
critical flexibility by providing dispatchable, sec-
tor-coupled heat and electricity. Within the Cellular
Approach (CA), such hybrid systems can enhance
both self-sufficiency and systemic efficiency. This
study investigates how the coordinated operation
of biomass-based hybrid systems within energy
cells impacts grid stability, renewable integration,
and economic performance compared to conven-
tional non-coordinated setups.

Approach

The study applies a two-stage modeling frame-
work to an urban district of 28 diverse buildings
in Saxony. Investment optimization identifies opti-
mal configurations of photovoltaic (PV) systems,
air- source heat pumps (ASHP), pellet boilers (PB),
and combined heat and power units (CHP) with
optional thermal and electrical storage. Operati-
onal behavior is evaluated through deterministic
(non- coordinated) and agent-based (coordinated)
simulations. The coordinated model, implemen-
ted via the agent-based platform AMIRIS, features
local energy markets and a cell manager respon-

sible for balancing electricity and heat flows wit-
hin the cell.

Results/Outlook

Results show that biomass-based hybrid sys-
tems, when coordinated within the CA, signifi-
cantly improve local energy utilization and grid-
friendliness. The coordinated setup increases PV
self-consumption by ~40 percentage points and
reduces transformer peak loads by ~20 percen-
tage points. Biomass-CHP and pellet boiler sys-
tems, when complemented by heat pumps, enab-
le flexible sector coupling, improving heat supply
security and reducing electricity export surpluses.
However, while technical advantages are evident,
economic benefits for individual prosumers re-
main marginal, emphasizing the need for supporti-
ve market designs and incentives. Future research
should address coordinated investment strate-
gies to optimize the deployment of biomass-hyb-
rid technologies in cellular energy systems.
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Introduction

In Germany, 115 million tons of cattle slurry are
produced annually, with two-thirds remaining un-
treated and significantly contributing to green-
house gas emissions. A systematic energetic
utilization of 80 % of this slurry could generate
approximately 1.5 billion cubic meters of metha-
newith an energy content of nearly 15,000 giga-
watt- hours - enough to power 2.6 million house-
holds. Although this enormous climate protection
potential exists, only about one-third has been
tapped so far, as economical cattle slurry fermen-
tation remains challenging for small farms due to
high costs.

Approach/Methods

The KLAWIR demonstration project develops an
innovative solution for the economical fermen-
tation of cattle slurry in small agricultural opera-
tions. The mobile, recyclable biogas plant with
an 800m:3 fermenter volume uses a sustainable
wooden construction with a polymer membrane,
enabling quick assembly and reusability, making
leasingmodels feasible. Core elements of the
technological optimization include: A closed heat
management system with heat exchangers and
heat pump that efficientlyrecycles process heat
and drastically reduces heat requirements - crucial
when processing low-energy cattle slurry. The hy-
draulic stirring system with deflector plates repla-
ces complex mechanical agitators and prevents

floating layers. Comprehensive digitalization with
remote monitoring enables fully automated ope-
ration with minimal workload. The modular, highly
standardized construction with apre-assembled
technical container significantly reduces instal-
lation and operating costs. The plant processes
over 4,000m? of substrate annually with a 60-day
retention time and produces 350m?® of biogas
daily — an important contribution to unlocking the
previously unused energy potential of cattle slurry.

Results/Outlook

The KLAWIR pilot plant, scheduled for full imple-
mentation in 2025, represents a breakthrough for
small to medium-sized farms with 70-150 cattle
- a segment comprising over 10,000 potential
users in Germany alone. By combining sustainab-
le construction with innovative heat management,
hydraulic stirring, and comprehensive digitaliza-
tion, the plant overcomes traditional economic
barriers to cattle slurry fermentation. This techno-
logy could unlock the vast untapped potential of
agricultural waste, potentially generating 15,000
gigawatt-hours from 1.5 billion cubic meters of
methane while significantly reducing greenhouse
gas emissions from livestock farming.
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Carbon dioxide removal (CDR) is indispensable
forreaching climate neutrality. Its implementati-
on in regional development plans is challenging,
and driven by a diverse set of indicators. Bio-ba-
sed CDR is put into focus in this work, i.e., natural
sink enhancement, renewable long-lived building
materials, and bioenergy with carbon capture and
storage (BECCS) as well as combinations of those
options into cascades. By constructing a holistic
assessment framework and adapting it to specific
system questions, decision support can be provi-
ded to regional actors.

An analytical hierarchical process (AHP) tool was
developed to capture characteristics anddevelop-
ment opportunities for bioeconomy regions. Go-
als, sub-goals, and indicators were defined. For
each indicator a bandwidth and normalization
method were developed. The AHP tool was vali-
dated by testing input data for European partner
countries in the Horizon project Boost4BioEast.
Results can be analyzed as an overview and in
detail, which allows for addressing the needs of
various stakeholder groups. This tool constitutes
the logical basis for the new bioCDR assessment
framework.

The content of the framework is based on previ-
ous works on assessment frameworks for CDR,
especially the Technology Assessment Frame-
work (TAF). Regional indicators were selected by

defining selection criteria and describing which
indicators are suitable for transfer from a national
to a local scale.

The system goals, i.e., the higher levels of the
AHP tool, were defined in a participatory process.
In scenario development, key drivers for the de-
velopment of bioCDR in Germany were identified
with regional stakeholders. In addition, two sta-
keholder workshops target specifically questions
around the deployment of bioCDR cascades, i.e.,
biomass-based value chains that deliver negative
emissions in German regions.

A limitation of the participatory research approach
is the challenge to capture all perspectives. Plus,
factors which are not readily measurable might be
relevant to the assessment.

By focusing on biobased CDR cascades, regional
actions can be streamlined to achieve both car-
bon removal and a range of co-benefits. A holistic
assessment framework is able to answer system
integration questions, and provide decision sup-
port for regional actors on options for biobased
CO, removal.
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In Ouagadougou, waste-to-energy sector is still
underdeveloped in terms of scientific knowled-
ge. For this reason, the present study proposes a
model based on physicochemical analysis of the
different types of waste, which can provide useful
information for choosing proper waste treatment
technologies that minimize and Socio-Economic
and Environmental Impact (SEEI). The data were
analyzed and processed rigorously and innovati-
vely using Python software to obtain accurate re-
sults.

The study has two objectives: First, it conducts
a proximate analysis of food and combustible
waste (FWC) performed by laboratory experimen-
tal apparatus. The second objective is to create
a model based on Python Life Cycle Assessment
to evaluate the SEEI of the stages involved in pro-
cessing FCW. The results indicate the optimal mix
of FCW based on the statistical physicochemical
parameters. According to the model optimization
results, combustible waste has a greater impact
on the Global Warming Potential at the producti-
on stage with the maximum energy production of
10,322.56 MJ/kg per year or maximum hydroge-
ne production of 28.52 %; however, the energetic
valorization of food waste and the mix of FCW
results in less environmental and economic cost.

The authors propose two methods: 1) biological
treatment for the recovery of food waste and 2)
a physicochemical treatment combined with ther-
mochemical conversion through hydrothermal
carbonization and gasification. This combination
is as effective as converting 10 % into bioetha-
nol or valorizing 50 % of the carbon in the waste
mixture into biogas. This represents an innovati-
ve technology that can enhance the production
of electrical energy while promoting sustainable
SEEI.
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Introduction

Hydrothermal Liquefaction (HTL) represents a
promising technology to convert biomass into
energy-rich bio-crude, but additional treatment of
the organic contaminated aqueous phase (AP)
byproduct is necessary for improving commer-
cial viability. A treatment method with potential
for energy recovery is Wet Oxidation (WO), an ad-
vanced exothermic process capable of degrading
organic species present in the HTL-AP. However,
only little research dealing with values for the heat
release for WO of HTL-AP exists, a crucial factor
when considering heat utilization in an integrated
HTL-WO process.

Approach/Methods

The study introduced a method to quantify WO
heat release of HTL-APs derived from seven dif-
ferent feedstocks by exploiting Differential Scan-
ning Calorimetry. AP samples were analyzed for
Chemical Oxygen Demand before and after WO to
account for the oxidation efficiency, as well as for
the initial organic composition by different cha-
racterization techniques such as Fourier-Trans-
form lon Cyclotron Resonance Mass Spectrome-
try (FTICR-MS) to correlate the specific elemental
composition with the observed heat release.

Results & Outlook

Results revealed a dependence of WO heat relea-
se on the HTL feedstock. Lignocellulosic-derived
HTL-AP reached lower heat release values up to
around 500 kJ/mol0O2 cons., while nitrogen-rich
feedstock such as sewage sludge yielded near-
ly double. These findings suggest a correlation
between organic composition and observed heat
release, which can be explained with FTICR-MS
data.

The study provides an understanding of the ener-
gy potential of WO treatment for HTL-AP. It gives
an insight into the influential effect of feedstock
selection on heat recovery and provides a basis
for predicting autothermicity in an integrated HTL-
WO process.
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Introduction

The deconstruction of lignin into its constituent
aromatic molecules via thermochemical proces-
ses like hydrothermal liquefaction (HTL) provides
a possible route to renewable aromatics for fuels
and chemicals production. However, the complex
nature of the resulting product mixtures poses
a downstream separation challenge in view of
selective product recovery. Deep eutectic solvent
(DES) modified adsorbents might have the ability
to address this issue, but owing to the large num-
ber of possible DESs to choose from, there is the
problem of solvent selection for adsorbent modi-
fication. The Conductor-like Screening Model for
Real Solvents (COSMO-RS) is a model that can
screen out undesirable solvents without requiring
much experimental data thereby eliminating ext-
ra laboratory time and costs. In this study, COS-
MO-RS was used to screen candidate DESs for ad-
sorbent modification prior to experimental batch
adsorption validation

Methods

Fifty-four DESs in varying molar ratios were tested
using this model. Prior to COSMO-RS calculations,
the geometry and surface charge density of all
molecules were optimized using DFT. Molecular
geometry optimization was carried out at XC-fun-
ctional BP-86, a basis set TZP, small core and
good numerical quality using the Amsterdam Den-
sity Functional (ADF) module of the Amsterdam

Modeling Suite (AMS) 2024 software. Thereafter,
COSMO-RS was carried out on all species and the
DESs screened. To validate COSMO-RS predic-
tions, preliminary batch adsorption experiments
were performed with DES modified XAD-adsor-
bents on the product from lignin HTL with adsor-
bent loading as the parameter of interest.

Results

Initially, the activity coefficients, sigma profiles,
and sigma potentials of the top ten solutes with
the highest concentrations in the HTL product
were calculated by COSMO-RS. Guaiacol was
chosen as the target solute. Based on COSMO-RS
results, the choline chloride: ethylene glycol (1:2)
DES was chosen as the best-suited adsorbent mo-
difier for guaiacol adsorption. Batch adsorption
experiments carried out on the HTL product with
the modified XAD-4 showed an increase in capaci-
ty and selectivity for guaiacol at all mass loadings.
The modified XAD-4 (300 mg) had the highest gu-
aiacol selectivity, with an equilibrium concentrati-
on of 121.5 mg/L representing an 85.25 % uptake.
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Introduction

Agricultural waste management remains a major
global challenge despite efforts to transitionto a
circular economic model. Among sustainable re-
covery solutions, the conversion of agricultural
residues mainly crops residues into biochar by
pyrolysis is a more promising method. The cocoa
sector, although very important for improving the
economy in tropical regions such as West Africa,
generates significant amount of residues mainly
cocoa pod husk (CPH). CPH can be converted
into high-quality biochar, but is generally aban-
doned on farms and contributes to greenhouse
gas emissions and environmental degradation.
Studies have shown that the quality of biochar
strongly depend on pyrolysis conditions. However,
most focused only on individual factors. To ad-
dress this gap, the present study aims to investi-
gate the influence of temperature, residence time
and heating rate on CPH-derived biochar yield and
porosity though central composite design (CCD)
under Response Surface Methodology (RSM). By
assessing optimal pyrolysis conditions, the study
enhance the sustainable valorisation of CPH.

Methods

Fresh CPH was collected from farms and dried
in Kpadapé, Togo in West Africa, and transported
to the DBFZ, Germany. Prior to biochar producti-
on, CPH was cleaned, dried in an oven at 105°C
and milled to particle size of up to 4 mm using a
hammer mill. Preliminary characterizations were

performed including, elemental analysis, Fou-
rier-transform infrared spectroscopy (FTIR) and
thermogravimetric analysis (TGA) to evaluate the
physicochemical properties of CPH and compare
them with the literature. To evaluate the influen-
ce of pyrolysis parameters on the product quality,
RSM method was promoted. Three independent
variables such as temperature, Heating rate and
residence time in a range of 400-700°C, 5-15°C/
min, and 60-150 min were respectively selected on
the basis of CCD. In addition, the biochar derived
from CPH was produced using a laboratory-scale
muffle furnace fed with nitrogen flows of 2 L/min.
Following the biochar production, yield was
calculated.

Outlook

The next phase of this research will involve pore
size, specific surface area, pores distribution and
pore volume determination using Brunauer-Em-
mett-Teller (BET) method. The biochar willbe ana-
lysed to determine the effect of pyrolysis parame-
ters on the structural and chemical properties of
CPH derived biochar. Findings from this work will
guide the optimization of CPH biochar producti-
on for practical applications such as soil health
improvement and carbon sequestration. Future
efforts will focus on extending the process and
assessing the performance of biochar in real-wor-
Id applications in the West African agricultural
sector to improve crop productivity.
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Introduction

A critical task for the future will be the recycling
of plastic waste. While the worldwide producti-
on of plastics increased steadily during the last
decades, only about 1/3 of the in 2022 in the EU
collected post-consumer plastic waste was recy-
cled. [1] Especially for the mechanical recycling,
mixed plastic waste streams are a challenge. Po-
lyamide is a nitrogen rich, chemically very stable
polymer. Due to its widespread use in composi-
tes and multicomponent materials, polyamide is
difficult to sort and recycle from mixed plastic
waste streams. [2] Thermochemical gasification
represents a promising approach for the recycling
of heterogeneous plastic waste streams, parti-
cularly non-recyclable mixed plastic fractions. [3]
This study explores the utilization of product gas
derived from the steam-gasification of polyami-
de-containing plastics in a bubbling fluidized-bed
reactor as a potential carbon and energy source
for subsequent microbial valorisation in a casca-
de bioreactor system.

Approach/Methods

Mixed plastic waste streams with varying po-
lyamide (PA) content were gasified in a 20 kW
electrically heated bubbling fluidized bed reactor,
located at the Institute of Combustion and Power
Plant Technology (IFK) at the University of Stutt-
gart. Steam was used as gasification agent and
the bed material was quartz sand. The experi-

ments were performed at operating temperatures
ranging from 650 °C to 800 °C and under varying
steam-to-carbon (S/C) ratios. Special attention
was given to the formation of ammonia (NH,).
The resulting product gas was comprehensively
characterized. Permanent gas components were
quantified using an online gas analyser, light hy-
drocarbons were measured via micro gas chro-
matography (Micro-GC), and ammonia concent-
rations were determined by a gaschromatograph
(GC). The influence of temperature, S/C ratio, and
fuel composition on the gas composition was in-
vestigated. As a result, a tailormade syngas can
be generated from plastic wastes for the follo-
wing bioreactor system.
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Introduction

The escalating global population and rising living
standards have intensified concerns regarding
both energy security and waste management. Fos-
sil fuels, despite their dominance, are unsustain-
able due to their environmental impact and carbon
intensity. Consequently, attention has turned to
alternative energy sources such as biomass and
plastic wastes, which possess significant calorific
value. Among the available thermochemical con-
version technologies, gasification offers a promi-
sing solution for converting such feedstocks into
syngas. Specifically, downdraft co-gasification of
biomass and plastic wastes is gaining traction as
a decentralized energy solution.

Approach/Methods

This study investigates the performance of
downdraft co-gasification using biomass and pla-
stic waste mixtures in an induced draft gasifier.
Two distinct feeding modes were evaluated: (a)
biomass pellets combined with shredded plastics
and (b) biomass-plastic co- pellets. The gasifier
was operated across varying plastic-to-biomass
ratios, and key performance indicators—inclu-
ding gasification temperature, lower heating value
(LHV) of syngas, cold gas efficiency, and unreac-
ted char yield—were analyzed. Special focus was
placed on understanding the thermochemical in-
teractions at higher plastic content and their im-
pact on conversion efficiency.

Results

The use of shredded plastic with biomass pellets
(mode a) led to a decline in gasification perfor-
mance, marked by an increase in unreacted char
yield from 8.4 % to 13.1 %, indicating incomplete
carbon conversion. In contrast, mode (b) using
co-pelletised biomass-plastic feed showed en-
hanced gasification outcomes. With increasing
plastic content up to 30 %, there was a notable rise
in gasification temperature, syngas LHV, and cold
gas efficiency. A key observation was the occur-
rence of a ,carbon boundary point,” beyond which
no residual char remained. Specifically, unreacted
char yield dropped from 8.4 % to -4.2 % as plastic
content increased, suggesting complete utilizati-
on of char in post-pyrolysis reduction reactions.

Conclusion/Outlook

This study demonstrates that downdraft co-ga-
sification of biomass and plastic wastes - par-
ticularly using integrated feeds - can serve as a
viable method for sustainable syngas production.
Enhanced performance metrics at higher plastic
content underscore the compatibility of plastics
in thermochemical conversion, provided the feed
is well-integrated. The identification of the carbon
boundary point adds further insight into optimi-
zing gasifier operation. These findings support the
development of decentralized waste-to-energy so-
lutions and lay the groundwork for future scale-up
and techno-economic evaluation.
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Introduction

Biogenic CO, from anaerobic digestion plants and
biorefineries is a sustainable but underexploited
carbon source. Gas fermentation by acetoge-
nic bacteria enables its conversion into valuable
chemicals. However, most Clostridium species
prefer CO over CO,, limiting their use in CO,-ba-
sed systems. As part of the EU GoodByO project,
this work aim to develop a hexanol production
process using raw biogas from ChainCraft® bio-
plant and green hydrogen, leveraging an evolved
Clostridium carboxidivorans strain obtain via Ad-
aptive Laboratory Evolution (ALE) in our labora-
tory. This adapted strain grows efficiently on CO,
and H,, producing hexanol as the main fermenta-
tion product. Here, we investigated the strain’s hy-
drogen sulphide (H,S) tolerance and evaluated its
physiology on raw biogas and hydrogen. Additio-
nally, bioprocess costs were reduced through ALE
by removing yeast extract and adapting the strain
to a minimal medium with three vitamins.

Methods

ALE was enabled through serial transfers in ser-
um bottles with free-yeast extract medium, follo-
wed by whole-genome re-sequencing (WGrS) to
uncover emerging mutations. Toxicity tests with
600, 1200, and 2400 ppm H,S (via Na,S in liquid
addition) were conducted in serum bottles befo-
re biogas use. Growth and hexanol production on
unpurified biogas were assessed in gas-fed batch

fermentations, using synthetic biogas as a cont-
rol.

Results

C. carboxidivorans was adapted to thrive in mi-
nimal medium with only biotin, pantothenic acid,
and para-aminobenzoic acid, matching parental
strain’s growth rate. WGrS revealed no major ge-
nomic changes, suggesting regulatory or meta-
bolic adaptation. H,S had no impact on hexanol
productivity, however growth exhibited a non-line-
ar response, peaking at 1200 ppm. Raw and syn-
thetic biogas fermentations showed comparable
biomass and hexanol production, remaining unaf-
fected by CH, or trace pollutants.

Overall, this study reports the first successful
cultivation of C. carboxidivorans on real biogas,
enabling simultaneous bio-CH, upgrading and
biochemical production. Scaling bioprocesses
with raw feedstocks and cost-effective media is
crucial for an efficient industrial transition. Future
work will focus on optimising continuous hexanol
production in high-pressure bioreactors.
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Introduction

Depending on the recycling process, the biowas-
te treatment plants consist of fermentation and
post- rotting or composting. There are several
emission sources in biological waste treatment
plants that can emit methane (CH,), ammonia
(NH,) and nitrous oxide (N,0). One of these is
composting or downstream rotting. Unsuitable
operating conditions can result in GHG- emissions
in the form of CH, and N,O during the compos-
ting process. An anaerobic milieu in the compost
material can lead to CH, hotspots and cause high
CH, emissions. According to the 6" IPCC report,
the GWP100 of CH, is 27 CO,-eq and is therefore
a climate-damaging gas that should be avoided.
N,O, on the other hand, can form in the course of
nitrification and denitrification in both aerobic and
anaerobic conditions. N,O has a GWP100 of 273
CO,-eq. The loss of nitrogen in the form of NH,
and N,O is also a loss of nutrients in the fertilizer
and should therefore be prevented from a resour-
ce protection perspective. What options are there
for reducing greenhouse gas emissions from rot-
ting processes?

Approach/Methods

In order to find out which operating parameters
have a major influence on the generation of emis-
sions during the composting process, several
emission measurements were carried out at twel-
ve biowaste treatment plants. In the KlimaBioHum

project, various operating parameters were inves-
tigated along the four measurement phases. The
GHG emissions were quantified using an open
dynamic chamber measurement. For this purpo-
se, a wind tunnel with the largest possible surface
area was installed on the emission-active surface
of the rotting material and flowed through with a
defined volume flow. This results in a volume-spe-
cific emission factor that is related to the volume
under the wind tunnel in order to obtain compara-
ble data.

Results/Outlook

The highest greenhouse gas emissions in the rot-
ting process were produced by the discontinuous
dryfermentation plants (mean value = 250 kg CO,/
Mg-WM). An active aeration as an operational pa-
rameter by pressurized ventilation at the bottom
of the compostheap showed the largest influence
on the GHG emission situation during the com-
posting process. For some parameter variations,
no conclusive trends can yet be identified and the-
re is still a need for further research in this area.
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Introduction

The need for sustainable energy solutions has
brought anaerobic digestion (AD) to the forefront
as a viable method for renewable biogas produc-
tion. However, current AD processes often face
challenges with biogas yield and process instabi-
lity. This research addresses these gaps by explo-
ring how charcoal’s physical and chemical proper-
ties, such as surface area, porosity, and functional
groups, can be optimized to enhance AD efficien-
cy. Key research questions include: How do these
properties influence the AD process? What are the
ideal particle sizes and pyrolysis conditions for
maximizing biogas output? What are charcoal’s
techno-economic and environmental implications
in large-scale AD systems? A multi-phase stra-
tegy involving detailed charcoal characterization,
pyrolysis trials, and life cycle assessment was ad-
opted.

Approach/Methods

Two biomass types of pine (softwood) and beech
(hardwood) were pyrolyzed under controlled con-
ditions with two dimensions cubes of 8 x 8 x 7
mm? or rods of 8 x 8 x 500 mm?. Pyrolysis retort in
a 90 L vessel, the bottom of the retort contained
12 x 3 holes of 4 mm diameter. Temperature mo-
nitoring was performed with Pt1000 sensors and
recorded via a Voltcraft DL-240K logger. Charco-
al characterization followed European Biochar
Certificate (EBC) guidelines. The surface area of

BC were analyzed using Brunauer-Emmett-Teller
(EBT) and 3D reflected light microscopy (VHX
500). Caloric value for biochar was measured with
LIBS.

Results/Outlook

Charcoal properties varied significantly with bio-
mass type and pyrolysis conditions. One hundred
pine and beech wood cubes underwent a 1200-mi-
nute pyrolysis process in a propane-fueled retort,
reaching a maximum temperature of 541 °C and a
heating rate of 2.7 °C min-1. Pine biochar under
reducing atmosphere exhibited superior characte-
ristics: BET surface area of 279 m?/g, porosity of
77 %, and pore volume of ~3.0 cm3/g indicating
strong potential for AD enhancement. The biochar
samples had a high fixed carbon content of 93.3 %
+ 0.6 %, low total volatile carbon, and H/C molar
ratios ranging from 0.10 to 0.25, all meeting the
EBC’s top quality threshold of <0.40; O/C ratios
were 0.0248 (Pyrred), 0.0282 (Pyrox, 14 % increa-
se). LIBS provided accurate, rapid HHV estimates
with high correlation to bomb calorimetry. These
findings support the tailored use of pine-based ch-
arcoal for boosting biogas yield and stability. Fu-
ture work will focus on microbial interactions and
scale-up validation using LIBS for in-line quality
control.
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A promising approach towards optimizing agri-
cultural anaerobic digestion (AD) plants in Ger-
many involves producing biogas on demand. By
adjusting substrate feeding based on electricity
price forecasts, this has the potential to increase
revenues for plant operators. To maintain stable
process conditions, demand-oriented operation
requires reliable AD process models and robust
monitoring and control algorithms. While there
exist methods for these individual tasks, a com-
prehensive soft- and hardware architecture that
integrates all relevant components is lacking. This
research introduces a framework that addresses
this gap, enabling successful implementation of
demand-oriented AD operation.

The proposed framework consists of several
key components: an ADM1-R3 model (Wein-
rich and Nelles, 2021; DOI: 10.1016/j.bior-
tech.2021.125124) simulates the nonlinear be-
havior of the AD process. Model parameters
were calibrated on the basis of dynamic lab-sca-
le experiments and global maximum likelihood
estimation (Villaverde et al., 2019; DOI: 10.1093/
bioinformatics/bty736). The model and its optimi-
zed parameters serve as the core of a multi-rate
extended Kalman filter (MR-EKF), which acts as a
state estimator. They are further incorporated in a
model predictive controller (MPC), which optimi-
zes substrate feeding based on electricity price
forecasts.

The MR-EKF effectively smoothed noisy online
measurements and incorporated delayed offline
measurements to improve estimates of the sys-
tem'’s dynamic process state. The MPC success-
fully tracked a dynamic methane reference trajec-
tory by adjusting substrate dosing according to
available substrates and feedings. The framework
allows for interlinking the state estimator and
MPC, enhancing model predictions, and enables
re-calibration of model parameters using prepro-
cessed measurement data. Experimental validati-
on of the framework in a lab-scale setup is cur-
rently subject to investigation and expected to be
completed soon.
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Introduction

Biogas can play an important role in stabilizing the
power grid as a flexibility option for balancing high
residual loads. A cost-effective option for biogas
flexibilization is flexible feeding. Substrates such
as coarse grain enable short-time increase in pro-
duction of biogas due to their high starch content.
However, the use of coarse grains such as tritica-
le increases the risk of foaming in biogas plants.
Foaming can have negative consequences, such
as clocking of gas pipes or sensor failure.

The role of the substrate in foam formation has
already been investigated in detail, but the role of
the digestate has not yet been studied. Therefore,
the aim of this study was to investigate the influ-
ence of the digestate properties on foam formati-
on during the anaerobic digestion of triticale and
to develop effective countermeasures.

Methods

Digestates from 20 biogas plants in the area of
Leipzig were collected and analyzed for their phy-
sicochemical properties, as well as for their foa-
ming propensity in batch foaming experiments.
Subsequent correlation analyses were carried out
to determine the parameters of digestates that
have an effect on the foaming intensity in com-
bination with risky substrates. Based on these
results, sieving of digestate and, thus, reduction
of viscosity, as well as the addition of protease to

the digestate were tested as strategies for foam
reduction.

Results

Both physicochemical properties and foam for-
mation varied significantly between the digestates
tested. A strong correlation was found between
foam formation and viscosity, protein concentrati-
on, and organic load of the digestates. Testing the
effect of sieving showed that although the visco-
sity of the digestate was reduced, foam formation
increased with decreasing viscosity. In contrast,
the use of protease was shown to be a successful
strategy to reduce foaming.

The results clarify which digestate properties play
a key role in foam formation during anaerobic di-
gestion of triticale. Moreover, targeted protease
pre-treatment turned out to be an effective stra-
tegy for foam mitigation, whereas sieving showed
not the expected effect on reduction of foaming.
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Introduction

The bioeconomy targets the use of renewable bio-
logical resources as a foundation for sustainable
economic development and social improvement.
Thus, wetlands emerge as key ecosystems due
to their capacity to conserve biodiversity, mitigate
carbon emissions, and serve as biomass sources.
This biomass can be transformed into high-value
products, replacing fossil-based raw materials
and contributing to circular economy models.
Specifically, lignocellulosic biomass obtained th-
rough Paludiculture is composed of lignin, cellulo-
se, and hemicellulose. The biopolymers cellulose
and hemicellulose can be hydrolysed into pento-
ses and hexoses (sugars of five or six carbons, re-
spectively). These monomers, also known as su-
gars, are precursors for platform chemicals such
as furfural and hydroxymethylfurfural (HMF). Fur-
fural, a compound widely used in the production
of solvents, resins, and biodegradable polymers,
requires process optimisation when derived from
wetland biomass to ensure economic viability.

Approach/Methods

To evaluate and optimise the furfural synthesis
from wetland biomass, an acid hydrolysis process
(pH 2,H,S0, 0.01M) was conducted, followed by a
furfural synthesis stage. To determine the optimal
process parameters, the first stage was conduc-
ted at temperatures of 160, 170, and 190 °C for
1 hour using 14 ml autoclaves. The second stage

was evaluated at 190 and 200 °C for 40 minutes
in 8 ml autoclaves. After both processes, samples
were filtered to obtain the liquid phase, which was
subsequently analysed by HPLC to determine its
composition.

Results/Outlook

The first stage enabled the biopolymers cleavage,
leading to monomers release for furfural produc-
tion. In the second stage, furfural synthesis was
observed from the monomers generated in the
first stage. Optimal results were achieved with
conditions of 170°C for 50 minutes in the first sta-
ge and 200°C for 30 minutes in the second, yiel-
ding approximately 5.3 % furfural relative to the
initial biomass mass, corresponding to 36.6 % of
the total sugar content in the hydrolysate. These
results validate the proposed two-stage hydroly-
sis approach for furfural synthesis from wetland
biomass and point to further opportunities to pro-
duce other compounds, such as HMF, by adjusting
parameters in the second reaction stage.
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Introduction

Large amounts of fossil resources are used for
both energy and material production, whose
consumptionis harmfulto the environment and cli-
mate. In transitioning to renewable energies such
as wind and solar, balancing energies are needed
due to theirfluctuations. One way to ensure this is
through demand-oriented biogas production, for
example using fixed-bed fermenters [1]. In additi-
on to energy, materials such as packaging papers
are also needed, with global demand for these
doubling over the past 20 years [2]. An interesting
approach to addressing both challenges simulta-
neously, in line with a bioeconomic concept, is the
use of agricultural by-products and ecologically
beneficial perennial crops for combined fiber and
biogas production, following processing through
ensiling and steam explosion pretreatment.

Approach/Methods

Hop residues, nettles, and alfalfa are used as sub-
strates. Due to their moisture content, ensiling is
suitable for preserving these seasonal materials
for year-round use. To avoid fermentation issu-
es like butyric acid formation - which can cause
odor problems - silage additives such as lactic
acid bacteria, molasses, and nitrate are tested to
improve silage quality. Next, the silages undergo
steam explosion pretreatment. Process parame-
ters such as temperature (140-170 °C), reaction
time (10-30 minutes), and dry matter content are

optimized per substrate using response surface
methodology. The focus is on optimizing fiber qua-
lity and methane yield. In the third step, fibers are
tested for papermaking based on tensile strength
(tear length). Process liquids are fermented in
batch experiments and fixed-bed fermenters. Ad-
ditionally, fiber suitability for wet-laid processing
systems is evaluated

Results/Outlook

In hop chaff Nitrate effectively inhibits butyric acid
formation after 90 days of storage. Paper made
from hop chaff silage reached tensile strengths of
up to 1.3 km, with about 38 % of the methane po-
tential transferred to the liquid phase. For alfalfa,
papers with tear lengths of 0.8 to 1.3 km were pro-
duced, with an average of 47 + 4 % of the methane
potential transferred into the liquid.

Sources

[11 Mauky, E.; Weinrich, S.; Jacobi, H.-F.; Nadgele,
H.-J.;Liebetrau, J.; Nelles, M. Demand-dri-
ven biogas production by flexible feeding
in full-scale - Processstability and flexibi-
lity potentials. Anaerobe 2017, 46,86—-95,
doi:10.1016/j.anaerobe.2017.03.010

[2] Bern, P; Lingquist, O. Pulp, paper, and packa-
gingin the next decade: Transformational
change.McKinsey & Company 2019, 8.
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Introduction

Power-to-X solutions are widely discussed and
are generally considered to play an important part
in the green transition. The EU project EffiTorch is
a Power-to-X concept for valorizing CO, into ener-
gy-rich CO without the need of hydrogen gas. This
is done by feeding it into a microwave plasma
torch and utilizing the reverse Boudouard Reacti-
on: CO, — CO+120,

However, to avoid reforming CO,, the outgoing ga-
ses are quenched and additional carbon is added
at the outlet to react with the produced oxygen,
increasing the overall yield: CO, — CO+12 O,

To ensure sufficient availability of carbon, an ul-
trasonic atomizer is used to atomize biocrude into
tiny droplets. Biocrude is a black viscous liquid,
which in many aspects resembles fossil crude
oil. To atomize the biocrude however, its viscosity
must be decreased. Moreover, the carbon content
must be high to perform well as carbon source for
the quenched gas.

Method

The biocrude was derived from sewage sludge th-
rough hydrothermal liquefaction (HTL) at Aarhus
University’s (AU) pilot plant for continuous HTL.
The present study will explore different pathways
to meet the criteria necessary for the plasma
torch setup to function:

+ Distillation

+ Solvent extraction

« Thermal treatment

+ Hydrotreatment (HT)

Each pathway except HT is done in batches at lab
scale at AU’'s campus in Aarhus. The HT is done in
a continuous flow reactor at AU’s pilot facilities in
Foulum.

Outlook

Previous studies on biocrude have shown promi-
se for all pathways. However, a comparison bet-
ween all of them on the same batch of biocrude
derived from sewage sludge has not been made
before, which is therefore the aim of this study.
HT will be of particular interest, as recent rese-
arch has been shown it to significantly reduce not
only viscosity, but the contents of sulfur, nitrogen
and oxygen as well while maintaining a high car-
bon recovery. Though more research is needed
for further understanding of reaction parameters’
effects on the outcome and how to optimize the
process depending on original feedstock as well
as the requirements on the product. Hence, the
next step is conducting several HT experiments
with different conditions to expand the knowled-
ge on how to optimize hydrotreatment of biocrude
from sewage sludge.
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The development of biofuels from sugarcane re-
sidues is highly desirable, as hundreds of millions
of tons of sugarcane bagasse and straw are co-
generated every year by the industry of alcohol
and sugar worldwide. Given the potential of pro-
cessing biomass through fast pyrolysis followed
by catalytic hydrodeoxygenation as a viable me-
thod for biofuel production, this study evaluated
the impact of ethanol usage as a fast pyrolysis
quenching media (QM) on the subsequent bio-oil
upgrading through HDO. Hence, bio-oils from sug-
arcane bagasse mixed with sugarcane straw pro-
duced with ethanol (BS-ET) and without ethanol
(BS) as a QM were upgraded through HDO with
Pd/Nb205 catalyst. Furthermore, this study inves-
tigated the effect of straw addition to bagasse be-
fore the fast pyrolysis on the HDO.

The biomass used (sugarcane bagasse and
straw) was collected in Brazil. The hydrotreat-
ment of the bio-oils was carried out in a batch re-
actor at 250 °C, under an H2 atmosphere (80 bar
at room temperature). The initial bio-oils and the
upgraded products were characterized by several
techniques.

The ethanol content in the initial bio-oils varied
drastically: BG-ET (5 wt.%), BS-ET (24 wt.%), and
BS (1 wt.%), which clearly influenced the behavi-
or during the upgrading such as the single-phase
HDO product of BS-ET and the two-phase product

(aqueous phase and upgraded oil) from BG-ET
and BS. Furthermore, BS yielded an extensively
polymerized upgraded oil likely due to its high
sugar content which are prone to polymerization,
while the BS-ET resulted in a much less polyme-
rized product. The ethanol quenching on BS-ET
had an essential impact on the mitigation of po-
lymerization by acting as a solvent on the HDO
and therefore preventing direct contact between
reactive species which could lead to chain elong-
ation. Furthermore, ethanol reduced the concen-
tration of reactive compounds and compounds
prone to polymerization such as aldehydes and
sugars owing to its diluent effect but even beyond,
by changing the distribution and reactivity of se-
veral compounds in the fast pyrolysis. Related to
the low polymerization degree of BS-ET, the gene-
ration of CO and CO, on the HDO of this bio-oil
was diminished. Because of the absence of phase
separation of BS-ET, the small polar oxygenated
compounds remained on the upgraded oil, thus
the lower deoxygenation degree compared with
the upgraded oil from BG-ET and BS. On the other
hand, because of the single-phase product, the
BS-ET had the highest H/C ratio after the HDO.

Overall, the ethanol quenching on fast pyrolysis
had a beneficial influence on the HDO, acting as
a solvent, and a diluent and changing the phase
equilibria and reactivity during fast pyrolysis.
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Introduction

Thermochemical processes are pivotal techno-
logies for valorizing biomass into valuable che-
micals and products. Among many processes,
hydrothermal liquefaction (HTL) converts wet
biomass into several products, mainly biocrude.
However, side streams are also generated during
HTL. Hydrochar (HC), the solid by-product, is the
most under-investigated side stream, and its va-
lorization pathway is still unclear. This work uses
lab-scale germination assays to assess the inter-
action between HTL-HC and plants. Treatments to
improve HC properties as a possible soil amend-
ment were also evaluated.

Methods

The HTL was conducted at Aarhus University on
a pilot-scale HTL plant using a 50/50 wt % mix-
ture of straw and manure. The operational para-
meters were as follows: Dry matter = 11.2 %; T
= 325 °C; P = 17 MPa; Flow = 55 kg/h; Retention
time = 18 min. The obtained hydrochar (HTL-HC)
was collected in-line and dried at 105 °C. Three
different treatments were applied to enhance the
HTL-HC agricultural properties: (a) Water washing
and Pyrolysis for 2 hours at (b) 300 °C and (c) 500
°C. The four obtained materials were subjected to
germination assays with Lepidium sativum seeds,
according to BS EN 16086-2:2011 standard. Expe-
riments were carried out in triplicate. As a respon-
se, germination and root index were evaluated.

Results

When applied to the germination test, raw HTL-HC
caused negative plant growth. No impact was ob-
served on seed germination. However, root length
was ~70 % shorter than the control. Washing the
HTL-HC reduced phytotoxicity, resulting in ~20 %
shorter root lengths than the control. Pyrolysis
emerged as the most suitable hydrochar treat-
ment. Materials pyrolyzed at 300 and 500 °C no
longer showed phytotoxicity. Average root lengths
were similar to the control, with a slight increase
of 2 % and 5 %, respectively.

Outlook

The results show that HTL-HC was phytotoxic for
Lepidium sativum seeds in its native form. One
possible reason was the presence of phytotoxic
organic substances generated during HTL, likely
organic compounds, adsorbed on the HTL-HC sur-
face. The treatments presented were effective in
removing HTL-HC phytotoxicity. These results are
a milestone that provides information that may
enable future hydrochar application in agricultural
systems.
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The steelmaking industry stands as a substantial
contributor to total CO, emissions within the Eu-
ropean Union (EU), accounting for approximately
5 % of the total. To mitigate the environmental im-
pacts of the steelmaking process, hydrogen-ba-
sed direct reduction-electric arc furnace (DR-EAF)
route is widely regarded as one of the most pro-
mising pathways for decarbonizing steelmaking
process. Despite its huge emission reduction
potential, the widespread industrial application
of the DR-EAF route still faces some challenges.
At the moment, the infrastructure for the produc-
tion and distribution of green hydrogen remains
underdeveloped. Given these challenges, the use
of biochar from biogenic residues as reductants
in the iron reduction process becomes more rele-
vant. In addition, biochar can be used as a carbon
carrier that enables the slag foaming process in
EAF, which is crucial for improving the energy effi-
ciency of the furnace.

In this context, this study investigates the reduc-
tion behaviour carbon composite agglomerates
(CCA), composed of iron ore and biochar, under
various operating temperatures and reducing ga-
ses using thermodynamic analysis.

A comprehensive equilibrium analysis was carried
out using Factsage 8.2, employing the Equilib mo-
dule in combination with the, FToxid, FTmisc, and
FactPS databases. The thermodynamic analysis

is based on minimizing the total Gibbs energy of
the system to predict the chemical reactions that
occur in the system and the products that are for-
med. The system was modelled as a multi-phase,
consisting Fe203 (hematite), biochar (carbon and
mineral elements), and a mixture of gaseous spe-
cies (CO, CO,, H,,H,0,and N,). The model incorpo-
rates solid-solid and gas-solid reactions involving
several key species, such as Fe203, Fe304, FeO,
Fe, C, CO, CO,, H,, H,0 and N,. Input parameters
included varying Fe/C mass ratios, temperatures
ranging between 600 °C and 1200 °C and a fixed
atmospheric pressure of 1 atm. Equilibrium states
were calculated for each process conditions and
the amounts of species were analysed to determi-
ne reduction degree, residual carbon content, and
gaseous emissions.

The simulation is expected to identify thermody-
namically favourable operating conditions that
achieve high degrees of reduction with excess
carbon, which is necessary for further process in
EAF. The results of the simulation lay the ground-
work for experimental validation and reactor-sca-
le design. The thermodynamic model will support
the understanding of hybrid reduction systems
that combine biochar with hydrogen or biomass
derived syngas.
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Bioenergy generation is a widely adopted appro-
ach that is considered to be carbon-neutral. Even
though it is neutral, the CO, released from bio-
mass-generated energy contributes to the same
atmospheric effects as CO, obtained from fossil
fuels. Bioenergy with Carbon Capture and Storage
(BECCS) is a decarbonization tool for mitigating
climate change.

This advanced technology involves capturing,
transporting, and storing the resulting CO, pro-
duced from any energy pathway derived from a
biogenic source such as biofuels, electricity, heat,
or hydrogen. Carbon capture technologies used in
bioenergy include absorption, adsorption, mem-
brane separation, chemical looping, cryogenic dis-
tillation, and hydrate-based separation. These car-
bon capture and storage (CCS) technologies are
being modified to fit into bioenergy technologies
making up BECCS technologies. Based on the li-
terature BECCS technologies being investigated
comprise woody biomass combustion, fermenta-
tion, gasification, biogas upgrading, municipal so-
lid waste combustion or landfill gas combustion
with CCS, and algae-based BECCS through ther-
mochemical processes.

According to the International Energy Agency, the
current rate of biogenic CO, capture is about 2
million tonnes per year. Based on these 60 milli-
on tonnes of CO, is estimated to be captured an-

nually by 2030. While the 2050 net-zero scenario
requires capturing approximately 185 million ton-
nes of CO, per year, implying that more BECCS
projects must be implemented. Although BECCS
is currently more prevalent in bio-ethanol/metha-
nol production its usage in other forms of biofuels
and electricity generation is gradually increasing.

The potential to capture and sequester carbon
from bioenergy generated from the organic frac-
tion of municipal solid waste and agricultural re-
sidue is lower than the amount required to achie-
ve the net-zero scenario. Meeting this target puts
pressure on the utilization of first, second, and
third-generation biomass leading to environmen-
tal sustainability and economic concerns. These
challenges include sustainable biomass, land use
change, soil erosion, biodiversity loss, and water
use. Some literatures highlight economic challen-
ges such as price increases on agricultural com-
modities through competition for land.

From a technological perspective, low energy ef-
ficiency due to the high energy consumption of
BECCS technologies is also a major challenge. To
mitigate these challenges various possible solu-
tions have been proposed such as the use of verti-
cal farming as a possible solution to mitigate land
use challenges.
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Introduction

For the transition towards a bioeconomy, sustain-
able production is crucial for the development of
biobased products such as for microbially pro-
duced biosurfactants. To quantify environmental
sustainability aspects of products and processes,
Life Cycle Assessment (LCA) is an internationally
recognized method to analyze potential environ-
mental impacts. The need for comprehensive
environmental sustainability data in biotechnolo-
gical process development emphasizes the im-
portance of prospective LCA in biomanufacturing
to identify improvement opportunities and guide
technical bioprocess development.

Approach/Methods

This research analyzes the environmental impacts
associated with the fermentation and downstre-
am processing of biobased products for the ex-
ample of microbial biosurfactants using pros-
pective LCA. This approach examines the entire
production chain, from substrates, to final product
purification of the biosurfactants from the culture
broth, focusing on major environmental impact
sources including substrate provision, bioreactor
energy consumption, and solvent use in the pu-
rification. The analysis integrates aspects of the
process development for technical development
at an early stage to enhance the accuracy of en-
vironmental impact assessments.

Results / Outlook

The findings reveal that substrate provision, the
electricity consumption for the bioreactor opera-
tion, especially the aeration, and the purification
steps significantly influence the environmental
footprint of biosurfactants, particularly in the im-
pact category climate change. The study identi-
fies hotspots within the production process and
suggesting targeted strategies for process opti-
mization, but also approaches to improve the ac-
curacy of the LCA. Therefore, upscaling and the
utilization of domain models used for bioprocess
development such as kinetic models and process
simulations offer potential for in-depth analyses
that contribute to a better understanding of the
environmental aspects in biomanufacturing. By
integrating environmental considerations at an
early stage in product development, this appro-
ach contributes to guide sustainable bioprocess
design and helps to make informed decision to
enhance the environmental sustainability in bio-
manufacturing.

8™ DOCTORAL COLLOQUIUM BIOENERGY AND BIOBASED PRODUCTS

PROSPECTIVE LIFE CYCLE ASSESSMENT AS A TOOL FOR ENHANCING SUSTAINABILITY IN BIOMANUFACTURING PROCESSES

8™ DOCTORAL COLLOQUIUM BIOENERGY AND BIOBASED PRODUCTS



mailto:lars.bippus@iabp.uni-stuttgart.de

134 LARS BIPPUS, UNIVERSITY OF STUTTGART PROSPECTIVE LIFE CYCLE ASSESSMENT AS A TOOL FOR ENHANCING SUSTAINABILITY IN BIOMANUFACTURING PROCESSES 135

8™ DOCTORAL COLLOQUIUM BIOENERGY AND BIOBASED PRODUCTS 8™ DOCTORAL COLLOQUIUM BIOENERGY AND BIOBASED PRODUCTS




136 LARS BIPPUS, UNIVERSITY OF STUTTGART PROSPECTIVE LIFE CYCLE ASSESSMENT AS A TOOL FOR ENHANCING SUSTAINABILITY IN BIOMANUFACTURING PROCESSES 137

8™ DOCTORAL COLLOQUIUM BIOENERGY AND BIOBASED PRODUCTS 8™ DOCTORAL COLLOQUIUM BIOENERGY AND BIOBASED PRODUCTS




138 LARS BIPPUS, UNIVERSITY OF STUTTGART PROSPECTIVE LIFE CYCLE ASSESSMENT AS A TOOL FOR ENHANCING SUSTAINABILITY IN BIOMANUFACTURING PROCESSES 139

8™ DOCTORAL COLLOQUIUM BIOENERGY AND BIOBASED PRODUCTS 8™ DOCTORAL COLLOQUIUM BIOENERGY AND BIOBASED PRODUCTS




140 LARS BIPPUS, UNIVERSITY OF STUTTGART PROSPECTIVE LIFE CYCLE ASSESSMENT AS A TOOL FOR ENHANCING SUSTAINABILITY IN BIOMANUFACTURING PROCESSES 141

8™ DOCTORAL COLLOQUIUM BIOENERGY AND BIOBASED PRODUCTS 8™ DOCTORAL COLLOQUIUM BIOENERGY AND BIOBASED PRODUCTS




142

NILOUFAR HASANPOUR SEYEDLAR, UNIVERSITY COLLEGE CORK

Niloufar Hasanpour Seyedlar, University College Cork

Building Trust and Trade-Offs: Public Preferences for Anaerobic

Digestion Plants in Ireland

Niloufar Hasanpour Seyedlar, Bernadette Power, Geraldine Ryan, Prof. Dr. Jerry D. Murphy,

Archishman Bose, Richard O‘Shea
University College Cork

College Road

Cork T12 K8AF, Ireland

E-mail: Niloufar.hasanpourseyedlar@ucc.ie

Keywords: Anaerobic digestion, Social acceptance, Choice-based conjoint analysis, Latent class

The transition to renewable energy requires not
only technological and policy advances but also
societal support. Anaerobic digestion (AD) is a
central technology in Europe’s circular bioeco-
nomy, yet it faces persistent local opposition lin-
ked to odour, traffic, landscape change, and waste
management concerns. This study investigates
the social acceptance of AD in Ireland through a
national choice-based conjoint (CBC) survey of
685 respondents, generating 10,960 evaluations
(685x2x8). Respondents evaluated trade-offs
across key attributes of AD projects, including
plant size and distance, ownership models, oppor-
tunities for individual and community participati-
on, local benefits, and governance mechanisms.
Latent class analysis revealed three distinct sta-
keholder groups: Principled Opponents (13.2 %)
who reject AD irrespective of design, Cautious
Localists (25.6 %) whose support depends on
community ownership, tangible local benefits, and
meaningful engagement, and Community-Minded
Supporters (61.2 %) who consistently favour pro-
jects reflecting community values and democratic
decision-making.

Across all groups, proximity emerged as a deci-
sive factor, with strong resistance to facilities
located within 2 km of homes, highlighting distri-
butive justice concerns regarding burden-sharing.
Ownership patterns also shaped attitudes: corpo-

rate-led projects were opposed, while community
and cooperative ownership received broad sup-
port. Market simulations showed that acceptan-
ce rates rose to about 30 % among Localists and
Supporters when projects combined favourable
features like medium-scale plants over 2 km from
housing, community ownership, discounted ener-
gy benefits, and joint decision-making boards.

These findings demonstrate that acceptance is
not uniform but segmented and shaped by dis-
tributive and procedural justice considerations.
Policies that assume uniform community respon-
ses risk failure, whereas strategies that empower
communities, ensure fair benefit distribution, and
incorporate inclusive governance mechanisms
can foster durable support. The study advances
methodological contributions to renewable ener-
gy acceptance research by applying CBC to AD
projects, while also offering practical guidance for
policymakers seeking socially robust pathways
for the broader renewable energy transition.
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Introduction

Fossil fuels depletion and their environmental im-
pact are issues that require a shift towards rene-
wable resources; lignocellulosic biomass waste is
a valid alternative. Biochars are biomass-derived
carbonaceous materials that find applications in
fields such as catalysis, electronics or environ-
mental remediation. A sustainable approach for
their synthesis is hydrothermal carbonization,
which takes place at 180-250°C in the presence
of water. [1] The solid product is a unique type of
biochar - with distinct surface functionalities and
tuneable properties. This project is focused on
the sustainable conversion of biomass waste into
high- value hydrochars (HC), minimizing environ-
mental impact and unlocking new functionalities
for industrial and environmental technologies.

Methods

HCs were obtained from pine needles (PN),
brewer’s spent grain (BSG) and grape pomace (GP)
under varying conditions of temperature, time and
solid-to-liquid ratio. In some cases, N-containing
groups were also introduced to modify the proper-
ties. The resulting HCs have been characterized
by, e.g., bulk density, elemental and BET surface
area analysis. Next, they were tested for a range
of potential applications.

Outlook

PN-derived HCs demonstrated promising perfor-
mance in various applications. Initially, they were
used as supports for a Pd catalyst in cross-cou-
pling reaction, yielding good to excellent conver-
sion. In the field of electrocatalysis, they were
enriched with N- functionalities. The resulting
N-doped HCs exhibited excellent activity in O,and
CO, reduction reactions. [2] HCs were also effec-
tively used as adsorbent for inorganic and orga-
nic species. They demonstrated high efficiency in
multi-element adsorption of heavy metals such as
Pb, Cd and Zn in soil. Also, HCs showed strong
potential for the removal of organic contaminants
like dyes. These results highlight HCs as sustain-
able, versatile alternatives to fossil- derived ma-
terials. Notably, they can be produced under mild,
environmentally friendly conditions, reinforcing
their value in circular bioeconomy and green che-
mistry approaches.

References

[1]1 P J. Arauzo et al, Energies, 2018, 11,3226
[2] E. Cerza et al, Molecules, 2024, 29,3286
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Agricultural residues like cereal straw offer con-
siderable potential as sustainable resources for
industrial applications. However, assessing their
sustainable use requires addressing complex
trade-offs between on-field straw retention and
its industrial utilization. While field retention can
maintain soil health and fertility, it may also limit
socio-economic opportunities from unused bio-
mass. Conversely, industrial utilization, such as
for bioenergy or bio-based materials, can support
renewable resource strategies and rural econo-
mies, yet may deplete soil carbon and nutrition ba-
lances unless offset by compensatory practices.
This project addresses these challenges through
the development of a comprehensive assessment
model and framework, enabling the site-specific
sustainability assessment across diverse straw
utilization scenarios.

Initial work comprised two systematic literature
reviews: one on Life Cycle Assessment (LCA) of
agricultural and forestry residues, emphasizing di-
screpancies of considering agricultural residues
being waste or by-products, and another on inte-
grating ecosystem models within LCA, identifying
key models, indicators, and applications. Based
on these insights, a novel sustainability assess-
ment framework was developed, grounded in the
UN Sustainable Development Goals (SDGs) and
Planetary Boundaries. Indicators were selected
through mapping to approximately 50 SDG tar-

gets and subgoals, drawing indicators from FAO
Bioeconomy and Agrifood Systems, ReCiPe2016,
ILCD, IMPACT World+, and openLCA SoCa indica-
tor sets.

The framework emphasizes site-specific and ma-
nagement-sensitive socio-ecological indicators,
such as soil organic carbon dynamics, fertilizer
efficiency, erosion risk potential, GHG emissions,
rural economic development, and crop yields, si-
mulated via ecosystem models like APSIM Next
Generation and DayCent. Publicly available geo-
data (e.g., SoilGrids, NASA Power, MODIS Land-
Cover, DLR CropTypes) support location-specific
modeling and sustainability assessment.

The model automates data input, scenario buil-
ding, and simulation of different extraction rates
and utilization options across whole crop rota-
tions and can be applied to almost every single
agricultural parcel in Germany. Scenarios include
on-site straw retention, industrial applications and
the potential return of processing residues (e.g.,
digestate, biochar) to the field, simulating poten-
tial mitigation effects of negative impacts caused
by straw removal. Coupled with LCA databases
(e.g. Ecolnvent), the framework is tested in a pro-
of-of-concept study.
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In times of depleting energy sources, renewable
feedstocks are explored in current research. Besi-
des wind and solar energy, biomass is an import-
ant alternative, but its availability is limited [1]. In
this context, microalgae are being investigated as
a valuable resource, e.g. in the biofuel sector. The
main advantages are independence from crop-
land area, efficient CO,-fixation and cultivability in
waste streams. Nevertheless, commercialization
is not yet realized due to high costs for the up- and
downstream process [2].

In this study, two optimization aspects were in-
vestigated in detail: i) microalgal lipid production
in an alternating repeated-batch process and ii)
microalgae for advanced wastewater treatment,
in particular concerning effluents from the pulp
and paper industry. The overall objective is to es-
tablish a process for the production of low-cost,
lipid-rich biomass by combining algae cultivation
with wastewater treatment.

Previous studies have shown that the microalga
Scenedesmus acuminatus increases lipid formati-
on when subjected to sulfate depletion. However,
cell vitality is reduced under these unfavorable
conditions, making continuous cultivation proces-
ses challenging. In order to investigate the reco-
very potential of the organisms, a repeated-batch
process was developed in which supply and deple-
tion conditions alternated frequently. Regarding

the wastewater treatment, algae were incubated
in anaerobically treated wastewater from a paper
mill. Growth and remediation capacity (chemical
oxygen demand COD, micropollutants) were mea-
sured over a period of seven days.

The results showed that S. acuminatus performs
successfully in a repeated-batch process. During
sulfate depletion phases, the lipid production in-
creased up to 4.6-fold. Prior to resupply, up to
90 % of lipid-rich biomass could be harvested.
The remaining 10 % recovered rapidly within 24
h. During wastewater incubation, biomass pro-
ductivity was 2 g/L*day. From the initial COD load,
59 % was metabolized within two days. In sum-
mary, the results are useful for the development
of sustainable microalgae-based processes. In
the future, scale-up experiments including Life
Cycle Analysis will be performed to evaluate the
process feasibility.

[11 BMBF, BMEL (2020): National Bioeconomy
Strategy. Available at: https://www.bmel.
de/SharedDocs/Downloads/EN/Publi-
cations/national-bioeconomy-strategy.
pdf?__blob=-publicationFile&v=2; assessed
02.04.2025.

[2] Rafa, N. et al. (2021): Strategies to Produce
Cost-Effective Third-Generation Biofuel
From Microalgae. In: Front. Energy Res. 9,
Artikel 749968.
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Introduction

Sustainable food production requires technolo-
gies that valorize biomass and recover critical nu-
trients like phosphorus [1]. Phosphorus is vital for
agriculture, but reserves are limited and unevenly
distributed, creating supply risks [2], while poor
management causes environmental impacts [3].
Hydrothermal carbonization (HTC) is a promising
method to convert biomass into hydrochar while
enabling recovery of plant-available phosphate
[4]. This work aims to design and optimize an in-
tegrated phosphate recovery system to improve
yields, cut chemical [5] and energy consumption,
enhance sustainability and scalability, and ad-
dress regulatory challenges.

Approach/Methods

The process uses sewage sludge as feedstock.
HTC produces hydrochar, followed by acid lea-
ching to solubilize phosphate and precipitation
as struvite fertilizer. Aspen Plus® simulations
are applied, supported by experimental data on
sludge properties, operating conditions (tempe-
rature, time), and acid concentration. Results will
be evaluated for process efficiency, optimization
potential, and scale-up feasibility.

Results/Outlook

The current Aspen Plus® configuration for an
integrated biorefinery process is presented, with
energy integration that recovers heat from hot

streams and a biogas-fired heater. Defined sludge
feed, hydrochar representation and acid choice are
outlined. From this flowsheet, operating windows
and key verification points are outlined: phospha-
te in the leach liquor, capture of free ammonia
while retaining ammonium for precipitation, and
solid-liquid split efficiencies. Emphasis is placed
on decision levers relevant to the German sludge
ordinance and scale-up.
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Introduction

One approach to diversifying H, production is bio-
technological production using bacteria and subs-
trates from the food and chemical industries. This
opens up prospects for companies, as they can
recover energy instead of disposing waste. Fer-
mentative H, can be produced via two pathways:
photofermentation, where light energy is used
to fix N, and produce H,, and dark fermentation,
where H, is a product of the pyruvate formate lya-
se pathway. This approach follows a new form of
fermentation, dark photosynthesis by Rhodospi-
rillum rubrum. At microaerobic conditions, meta-
bolism turns partly oxidative and reductive- This
increases H, yields by enabling H, production by
dark fermentation as well as photofermentation.

Approach/Methods

The approach presented here was to use an indus-
trial ethanol containing waste water and adapts
the process of microaerobic dark fermentation.
Challenges that arose were:

Evaluation of the toxicity of the rinse water
+ Establishment of online offgas analysis by
mass spectrometry
Control of the microaerobic fermentation state
+ Development and scale-up of an H,-producing
process with ethanol-containing rinse water

The methods used in this work include the cultiva-
tion of bacteria in a microfermenter scale, shaking
flasks and controlled bioreactors with a volume
ranging from 1 mL to 50 L.

Results/Outlook

The evaluation of the toxicity of the material flow
showed that waste water with up to 15 g L-1 et-
hanol can be used. Optimization of the media
composition led to an increase in the consumpti-
on of waste water and an increase in growth rate.
In a bioreactor setup (1 L) for H, production, the
microaerobic condition was controlled and a pro-
duction rate of 0.2 mmol L-1 h-1 was achieved.
To enable the assimilation of ethanol as a subs-
trate, a controlled nitrogen dilution of the gassing
had to be integrated. Subsequently, the cell den-
sity was increased to 33.4 g L-1 by establishing
a feeding process. As a result, the H, production
rate on a demonstrator scale (50 L) was around
5x higher than in the laboratory, with results of 4.7
LH2 h-1 and 0.4 gH2 h-1 respectively. In future, re-
search will be carried out optimizing the process
and transferring to a broader substrate portfolio
of waste streams.
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Energy is vital for development, but the continu-
ed dependence on fossil fuels contributes signi-
ficantly to environmental concerns, particularly
greenhouse gas emissions. Third generation bio-
fuels derived from microalgae present a promi-
sing, sustainable alternative due to their high lipid
content, ability to capture CO,, and lack of com-
petition with food crops. Hydrothermal liquefac-
tion (HTL) enables the efficient conversion of wet
microalgae biomass into biocrude oil, eliminating
the need for energy intensive drying processes.
However, the resulting biocrude requires catalytic
hydrotreatment to remove oxygen and nitrogen
and to enhance fuel quality. This upgrading step is
hydrogen intensive, typically requiring 40-50 g H,/
kg biocrude, largely due to the presence of nitro-
gen compounds and unsaturated hydrocarbons.

This study investigates nutrient starvation on Pa-
rachlorella kessleri, as a strategy to tailor biocrude
composition by reducing nitrogen and increasing
lipid content, aiming for improved upgrading effi-
ciency and lower hydrogen demand. Unlike previ-
ous studies comparing two microalgae with diffe-
rent lipid contents, this work uses a single strain
to isolate the effect of nutrient starvation, compa-
ring the hydrotreatment of biocrude from regularly
grown (RA) and nutrient-starved (SA) microalgae.
Hydrotreating was performed in duplicate using
12 mL Swagelok micro-batch reactors containing
2 g biocrude and 1 g NiMo/y-Al203 catalyst. Re-

actors were leak-tested, purged with H,, pressuri-
zed to 80 bar, and heated at 325-400 °C for 2-3
hin a fluidized sand bath with agitation. Hydrogen
consumption was estimated by pressure changes
at room temperature. Products were analyzed by
CHN, GC-MS, and SimDis.

Hydrotreatment temperature and hydrogen availa-
bility strongly affected heteroatom removal. Hyd-
rotreating at 350°C with a high hydrogen availa-
bility (65,6 g H,/kg biocrude) achieved complete
oxygen removal and 30 % nitrogen reduction in
both RA and SA. At lower hydrogen availability
(32,8 g H,/kg biocrude) deoxygenation was in-
complete (82-92 %) and nitrogen removal was li-
mited (<6 %). A two stage hydrotreating at higher
hydrogen availability (350°C followed by 400° C)
increased nitrogen removal to 66 % in RA and 62 %
in SA. Notably, Hydrogen consumption during two
stage hydrotreating was lower for SA biocrude
(29.9 g H, /kg biocrude) compared to RA biocrude
(48,1 g H, /kg biocrude), underscoring the role of
nutrient starvation in improving biocrude compo-
sition and upgrading efficiency.

This research has received funding from the Eu-

ropean Union, under the Horizon Europe project
COCPIT (grant no. 101122101)
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Introduction

Biogas plants support Germany'’s energy transiti-
on by enabling flexible, demand-driven electricity
generation. Dynamic operation requires process
control strategies, which in turn rely on reliable
models. While mechanistic models like ADM1 are
accurate, they require extensive measurements
and frequent recalibration. ML models offer fle-
xibility but are prone to overfitting, hallucinations,
and limited explainability. Hybrid approaches
combining mechanistic and ML models are thus
explored. This work compares a Transformer-ba-
sed Informer model, an LSTM NN, and a newly
developed Multi-Step Temporal Random Forest
(MT-RF). The Informer is hybridized by including
outputs from a first-order kinetic model. Models
are tested on a full-scale dataset containing sen-
sor faults, suspected inhibition, and out-of-distri-
bution test data. Results show that while complex
models improve accuracy, the MT-RF achieves
acceptable results with minimal tuning. Hybridiz-
ation improves generalization and reduces overfit-
ting under variable feeding

Methods

The dataset covers five months of full-scale data
from a 152 m?® biogas reactor at DBFZ (Dataset
B in [1]), resampled to 1-hour resolution. At each
timestep t, the model receives all measurements
up to t+0h and feed quantities up to t+167h, pre-

dicting methane production for one week. Mo-
dels include an LSTM, a hybrid Informer, and the
MT-RF. While LSTM and Informer natively model
sequences, original RF does not support it. Thus,
an autoregressive version of RF that treats past
inputs as features was developed as MT-RF.

Results

All models perform well for multi-step predicti-
on at industrial scale. Accuracy decreases with
forecast horizon, but production peaks are still
captured. The hybrid Informer is able to follow
the production pattern more closely, even at later
timesteps, demonstrating the advantage of incor-
porating mechanistic models. The best RMSE of
2.46 was achieved by the hybrid Informer. MT-RF,
though less accurate, captures key dynamics and
requires little tuning. These models are now being
tested for feed scheduling based on electricity
prices

References
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Introduction

Polyhydroxyalkanoates (PHA) are microbially pro-
duced bio-polyesters. They are stored by various
microorganisms upon carbon excess paired with
a deficiency of nutrients. One of the most pro-
mising candidates in this diverse polymer group
are copolymer variants such as poly-3-hydroxy-
butyrate-3-hydroxyvalerate (P(3HB3HV)) and po-
ly-3-hydroxybutyrate-3-hydroxyvalerate-4-hydroxy-
valerate (P(3HB3HV4HYV)) [1]. As reported by [2],
the terpolymer P(3HB3HV4HYV), even with small
percentages of 4HV can improve the thermal and
physical properties in comparison to the well-stu-
died P(3HB3HV) with similar 3HV content. There-
fore, our research aims to develop a resilient and
stable process to produce a P(S3HB3HV4HYV) ter-
polymer with an automated feeding strategy ba-
sed on the pH and dissolved oxygen (DO).

Approach

The process was developed and scaled up from
a 5Lto 23 L and finally to 530 L fermentation vo-
lume. The levulinic acid feeding automation was
achieved by relying on the dissolved oxygen and
the pH as control in the laboratory- and on techni-
cal-scale.

Results

This process resulted in a biomass concentration
between 33-41g/L cell dry weight with PHA cont-
ent higher than 72 % in the laboratory and techni-

cal scale. The GC analysis showed that the PHA
was composed of terpolymer with 3HB, 3HV, and
4HV in aratio of 54:46:2 in the technical scale. The
produced PHA showed a similar composition and
yield (~0.33 gPHA/gLevulinic acid) compared to
PHA produced on y-valerolacton and levulinic acid
[1, 2]. During piloting, differences in the growth be-
havior and product composition were detected.
Especially the 3-HV content, which rose in the pi-
loting to 67 %, was significantly linearly correlated
with scale-dependent parameters such as mixing
times, as well as with increased gas solubility due
to increased pressure in the pilot scale. In future
research, the scaling effects will be further inves-
tigated to fine-tune product composition and im-
prove production rates in large-scale production.
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Introduction

Biogas plants are a source of renewable energy
that can be used to compensate for the fluctua-
ting energy supply of uncontrollable sources such
as wind and solar power. Model Predictive Con-
trol (MPC) can be used for demand-driven cont-
rol strategies but requires an accurate process
model of the plant. Previous research on MPC for
biogas plants mostly focused on physical models,
or on linear models that have limits especially in
the presence of inhibition. Thus, more complex
machine learning models might have the potenti-
al for better control. The Non-Stationary Informer
(NSI) as a state-of-the-art forecasting algorithm is
chosen as MPC base-model. In this research, the
required measurements for such a model to opti-
mally perform are evaluated. Since feature selecti-
on for sequential models in multi-step forecasting
is an open problem, a novel hybrid feature selecti-
on is designed.

Methods

The data applied to model training and feature
selection is a combination of three 5-month long
full-scale datasets extracted from experiments
in a 152 m? biogas reactor [1]. The hybrid feature
selection method combines an mRMR procedu-
re with model-based evaluation of the resulting
feature subsets. The mRMR relies on a mutual
information computation adapted for time series

data. This adaptation includes a strategy for ge-
nerating independent samples and uses dynamic
time warping dissimilarity to incorporate temporal
information. In contrast to physical models of bio-
gas plants, the applied NSl is designed to predict
the future biogas production directly without mo-
deling future states. It uses an hourly resolution
and a prediction horizon of one week. The control
objective is to match a given gas demand whilst
keeping a stable filling level of an attached gas
storage.

Results and Outlook

According to the mRMR procedure, the most re-
levant features are previous biogas production,
the amounts of solid and liquid feed, followed by
system state features such as CO, and H, content
in the biogas, FOS/TAC ratio in the digestate and
OLR. The model’s performance and its applicabili-
ty to MPC remain to be evaluated.
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MARIA ISABELLA LIMA GARGAO, UNIVERSITY OF HOHENHEIM

Maria Isabella Lima Gargao, University of Hohenheim

Development and Optimization of a Two-Stage Anaerobic Digestion
System for Manure-Based Biogas Production

Maria Isabella Lima Garcao, PD. Dr. Andreas Lemmer

University of Hohenheim

Garbenstr. 9

70599 Stuttgart, Germany

E-Mail: m.garcao@uni-hohenheim.de

Keywords: Anaerobic digestion, two-stage digestion, biogas production, liquid manure

Rising energy demand drives the exploration of
renewable alternatives. Agricultural waste is vi-
tal for bio-based energy, especially in rural areas.
This renewable energy, from organic materials like
residues, offers a sustainable solution for energy
needs. Anaerobic digestion (AD) generates clean
energy through biogas, a mix of CH, and CO,. AD
can take place in a single reactor or multiple re-
actors. In the latter, hydrolysis and acidogenesis
occur in one reactor, while acetogenesis and met-
hanogenesis happen in separate reactors, optimi-
zing each stage independently.

This research aims to develop and optimize a
new process for producing biogas from manure
dedicated to the two-stage system with a dual fo-
cus on energy production and GHG mitigation in
agriculture. The primary goal is first to compare
two-stage digestion with one-stage on a laborato-
ry scale, then scale up to a two-stage pilot plant
that is 100 times larger.

Experiments are being carried out in the lab and
on a pilot scale, using a continuous stirred acidi-
fication reactor (AR) and a packed bed anaerobic
filter (AF).

In the one-stage configuration, the substrate is fed
directly into the AR, where all anaerobic digestion
phases occur. In the two-stage setup, a sieve is
integrated within the AR to separate the solid and

liquid fractions of the digestate. In the pilot sca-
le, an edge gap filter is integrated into the system
to filter the digestate. The solid fraction remains
in the AR for further degradation, while the liquid
fraction is pumped to the AF.

Preliminary lab results show improved specific
methane yield (SMY) with the two-stage system,
increasing by 16 % and 52 % under mesophilic and
thermophilic conditions, respectively. Both reac-
tors maintained stable pH levels around 7.8 in one
stage, indicating balanced digestion. The two-sta-
ge system showed slightly lower pH in the CSTRs
due to acid formation, while the AFs reached hig-
her pH values, reflecting efficient methanogenic
activity and VFA's consumption.

These results suggest the two-stage fermentation
process outperforms the one-stage setup in met-
hane production and process stability. Separating
the stages allows optimal conditions for each
part, leading to better performance.
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HENRI STEINWEG, KARLSRUHE INSTITUTE OF TECHNOLOGY

Henri Steinweg, Karlsruhe Institute of Technology

Bringing up industrial capacities on gas fermentation - Where is

the niche?

Henri Steinweg, Prof. Dr. Nicolaus Dahmen,
Karlsruhe Institute of Technology (KIT),

Institute of catalysis research and technology (IKFT)

76344 Eggenstein-Leopoldshafen, Germany
E-Mail: henri.steinweg@kit.edu
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products

Introduction

Anthropogenic carbon use currently follows a line-
ar path from lithospheric sources to atmospheric
release, extending the biospheric carbon balance.
To reduce this dependency, industrial processes
must increasingly draw carbon from atmospheric
reservoirs. Biomass—via photosynthetic fixation—
remains the dominant source, with boreal and tro-
pical zones contributing ~1/3 and ~2/3 of global
biologic carbon assimilation, respectively. My
presentation explores fermentative CO, conver-
sion from: (1) boreal forestry biomass, (2) tropi-
cal agricultural biomass, and (3) small- scale CO,
point sources. Fermentative gas processes offer
decentralized, low-threshold solutions for CO, va-
lorisation into chemicals like ethanol, acids, and
ketones, especially using thermophilic strains like
Moorella thermoacetica.

Approach

[1]1 Boreal Forestry Biomass: At sites like Metsa
Kemi - Europe's largest biogenic CO, point
source - most carbon ends as emissions
from unutilized wood fractions. This case
compares levelized costs of on-site gas-
fermentation (e.g., ethanol) vs. CO, capture
and transport.

[2] Tropical Agricultural Biomass: Using a sug-
arcane biorefinery in Sdo Paulo as a model,
this case assesses retrofitting fast pyrolysis
with gas-fermentation of off-gas to ethanol,

maintaining energy self- sufficiency.

[3] Small-scale CO, Sources: Small emitters
(e.g., cement, metallurgy) lack scale for
centralized CO, use. A case study explores
decentralized gas-fermentation for produ-
cing high-value products like acetone at
EU-ETS-covered sites.

Outlook

In boreal forestry, local gas-fermentation may offer
cost advantages over CO, capture and provision
(~120-150 €/t CO,) due to moderate conditions
and self-regenerating catalysts. In tropical agricul-
ture, energy-self-sufficient processing of residues
could yield FPBO (100- 200 €/t) and ethanol (240-
400 €/t) while delivering carbon dioxide removal
(CDR) products. For small-scale emitters, e.g.,
EU- ETS-covered mineral sources, on-site fermen-
tation targets niche markets like non- petroche-
mical cosmetic-grade acetone (1500-2400 €/t).
Demonstrating gas-fermentation across diverse
contexts supports a circular carbon economy lin-
king atmospheric carbon to industrial use.
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NATALIA TORIELLO ESPANA, UNIVERSITY OF HOHENHEIM

Natalia Toriello Espafia, University of Hohenheim

Circular Economy Approach to Construction: Investigating Hydrochar
as a Pore-forming Agent in Fired Clay Bricks

Natalia Toriello Espana, Gero Becker, Prof. Dr. Andrea Kruse
Institute of Agricultural Engineering Conversion Technologies of Biobased Resources

Garben Str. 9
70599 Stuttgart, Germany
E-mail: natalia.toriello@uni.hohenheim.de
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Introduction

Fired clay bricks are used worldwide in constructi-
on. Their porosity improves thermal insulation, en-
hancing energy effiency in buildings. Conventional
pore-formers like sawdust, polystyrene, and paper
pulp, increase CO, emissions during firing. A sus-
tainable alternative, hydrochar-produced through
hydrothermal carbonization (HTC) of sewage
sludge - poses a potential for waste valorization
and phosporus recovery, supporting circular eco-
nomy goals and upcoming regulations. However,
its application in construction remains underex-
plored. This study addresses hydrochar’s potenti-
al for valorization as a pore-forming agent in fired
clay bricks, considering material properties and
its environmental impacts after phosphorus reco-
very.

Approach/Methods

Hydrochar will be produced from sewage sludge
via HTC and phosphorus will be recovered from it
through acid leaching. The resulting material will
be integrated into clay mixtures to manufacture fi-
red bricks which performance will be evaluated. A
thorough characterization pre and post leaching
will be carried out to assess changes in the com-
position and identify optimization opportunities.
The enviromental impact will be assessed by he-
avy metal leaching and energy analysis based on
the hydrochar’s calorific value.

Results/Outlook

Various hydrochar samples will be produced
from digested sludge out of different regions at
five different temperatures within the HTC ran-
ge (180°C-260°C). Yield, proximate and ultimate
composition, phosphorus and heavy metal cont-
ent and thermogravimetric analysis will be deter-
mined out of the samples before and after lea-
ching.

After thorough comparison the best performing
hydrochar will be selected to develop a reprodu-
cible method, enabling as next step the scale-up
to pilot scale. The final outcome expected is to
validate hydrochar as a sustainable pore-former,
while incorporating phosporus recovery without
compromising the fired-clay brick's properties,
supporting the decarbonization of the building
sector. This study will bring insights into pho-
shorus recovery processs optimization and utiliz-
ation of hydrochar in construction.
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The need for sustainable biomass utilisation and CCU applications in a
future defossilised carbon circular economy in Germany

Valerie Flaig, Prof. Dr. Christian Malek
TH Ko&lIn — University of Applied Sciences
Am Berkebach 1

51789 Lindlar, Germany

E-Mail: valerie.flaig@th-koeln.de
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Introduction

With the intention to accomplish climate neutra-
lity in Germany, a complete energy transformati-
on is necessary to replace fossil fuels. However,
scientists agree that a complete substitution of
carbon-based energy sources and feedstocks is
unfeasible. Therefore, as motivation for the rese-
arch activities, the carbon requirements for a Ger-
man climate-neutral scenario are depicted and
compared to the carbon sources that are general-
ly available here. In addition, the share of usable
carbon sources in the future and the possible pro-
ducts of carbon capture and utilisation (CCU) will
be discussed.

Approach

To evaluate the carbon required in a German cli-
mate-neutral scenario, different reports are con-
sidered. Hence, a middle, worst and best case for
the carbon demand are derived. In respect of pos-
sible future carbon sources, political requirements
and the sustainability and competition for the use
of biomass are considered. Based on the estima-
ted necessary carbon demand and the availability
of regenerative carbon sources, an overall mass
balance for a future defossilised carbon circular
economy is devised, incorporating CCU for bioge-
nic CO,. Thus, potential CCU products and associ-
ated market demands are also examined.

Results and Outlook

The carbon mass balance indicates that defossili-
sation cannot rely solely on an enhanced biomass
use. While maximising biogenic residues utilisa-
tion is crucial, expanded CCU processes from
biogenic point sources are essential too. Here,
it is favourable that some CCU products exhibit
substantial demand. Unfortunately, a carbon gap
remains bridgeable only by the energy-intensive
Direct Air Capture (DAC) process.

The preliminary work shows the necessity of
comprehensive implementation of CCU process
chains linked to the energetic or material utilisa-
tion of biomass from point sources. However, in-
dustrial companies currently see no economic ad-
vantage in CCU processes for biogenic CO2 and
political requirements do not incentivise such pro-
cesses, impeding Germany’s 2045 climate-neutra-
lity goal. Therefore, further research activities will
develop and compare CCU system solutions to
identify economically and ecologically favourable
scenarios, to promote the implementation of CCU
for biogenic CO,.
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Decarbonization of steel industry - Sustainable binders for iron ore

agglomeration
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Torgauer Str. 116
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Introduction

Direct reduction (DR) of iron ore is a promising
approach for decarbonization of the steel indus-
try. To be suitable for the DR process iron ore has
to be agglomerated. The most common method
for agglomeration is in balling discs with the help
of a wetting agent and binder. In these devices
green agglomerates with minor mechanical pro-
perties are produced which are hardened after-
wards for better handling. In iron ore agglomerati-
on there are different ways of agglomerate growth
and bonding mechanisms, highly dependent on
the particle size and structure, wettability of the
iron ore and on the machine settings and binders.
The most common binder is bentonite, which has
the downside of decreasing the yield of steel and
increasing the amount of slag and CO, emissions.
Organic binders have shown promising results in
recent studies and could be a key factor in future
iron ore agglomeration.

Approach

For investigating the suitability of organic binders,
agglomeration experiments on a lab scale shall
be conducted with the use of organic binders and
bentonite as reference material. The results shall
be assessed with established norms for iron ore
agglomeration. For optimization of agglomeration
behavior and green agglomerate strength, a spe-
cial focus is on the pretreatment of materials to
improve their wettability and moisture capacity.

These two properties have a significant influence
on promoting capillary forces and liquid bridges,
which are the most important bonding mecha-
nisms in balling agglomeration. To improve these
properties there is the option of mechanical treat-
ment by grinding and physical treatment with radi-
ation. For better wettability the wetting agent can
be modified with additives.

Outlook

Based on existing studies it is expected, that with
increased wettability the strength of agglomera-
tes will increase. At the same time, this improved
wettability will cause the iron ore to absorb a lar-
ger amount of liquids, thus increasing the required
amount of wetting agent. Hence the aim should
be, to achieve a wettability which is sufficient for
agglomeration, but prevents the iron ore from ad-
sorbing too much wetting agent to ensure an effi-
cient drying of agglomerates.
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