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GREETINGS FROM OUR HOST, PROF. DR. ACHIM LOEWEN

Greetings from our host, Prof. Dr. Achim Loewen

Dear Participants of the 6™ Doctoral Colloquium BIOENERGY,

energy supply is an essential basic need of human-
kind. However, climate change and other environ-
mental impacts are endangering ecosystems
worldwide and thus important foundations of life.
In addition, also crises such as the war in Ukraine
enforce a re-thinking about energy sources, energy
generation and distribution technologies as well as
energy consumption in all different sectors. Wind
and solar energy will play an increasingly important
role, but are fluctuating strongly and still cannot
cover the rising global demand. Therefore, bioener-
gy can provide an important contribution for elec-
tricity, heat and fuel production. Nevertheless, as
also biomass availability is limited, it is important to
apply only sustainable resources in most efficient
conversion paths, e.g. in biorefineries with integral
production of energy, fuels, platform chemicals or
other products.

Especially the use of biogenic residual and waste
materials for energy generation can at the same
time replace fossil fuels and reduce treatment
costs. The co- and cascade use of biogenic re-
sources is a central element of a climate-neutral
bioeconomy. Carbon and nutrient cycles are to

be closed, whereby the smart use of biomass in
interaction with the other renewable energy sour-
ces should take place where the greatest system
benefit is achieved in an increasingly digitalized
society. Therefore, a comprehensive consideration
and optimization of entire process chains in terms
of sustainability is necessary and life cycle analyses
need to be performed not only from cradle to grave,
but from cradle to cradle.

The 6" Doctoral Colloquium Bioenergy held 2023 at
the HAWK University of Applied Science and Arts in
Gottingen has once again shown that numerous en-
gaged and ambitious young scientist worldwide are
working on developing and optimizing biomass-ba-

Prof. Dr. Achim Loewen (HAWK)

sed approaches and technologies for a more
sustainable future. We do not have much time left
for the transition of our economies, but based on
the presentations given in the conference | am still
optimistic that solutions for the challenges menti-
oned above can be available and applied within the
next years.

Finally yet importantly, | would like to thank all
participants for their interesting contributions, the
organizing team in Goéttingen and Leipzig for their
tireless commitment and the programme commit-
tee for evaluating the abstracts and moderating
the sessions. All of you together made it possible
to carry out the conference successfully, and | am
looking forward to seeing many of you again next
year at the 7" Doc BIOENERGY in Leipzig.

With kind regards,
Prof. Dr. Achim Loewen

(University of Applied Sciences and Arts
Hildesheim/Holzminden/Gdttingen)
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Greetings from our patron, Prof. Dr. Daniela Thran

Dear Participants of the 6™ Doctoral Colloquium BIOENERGY,

we recall on two incredibly productive days of the 6%
Doctoral Colloquium BIOENERGY (DOC2023), which
were filled with inspiring lectures and discussions,
intense scientific debates, and a vibrant conver-
sation with Myrsini Christou, the Joint Programme
Coordinator of EERA Bioenergy.

This year in Goéttingen (Germany), 42 participants
from ten countries (Austria, China, Columbia,
Germany, Great Britain, India, Iran, Italy, Norway
and Pakistan) presented and discussed their new
results and findings in over 30 lectures, scientific
posters and one engaging ,get-in-touch session®.

And you all, dear participants, made this event a
success. Through your high-level oral and poster
presentations, we all were able to learn more about
your current PhD projects in the area of bioenergy
and bioeconomy in Europe and some cases world-
wide. We discussed your latest results and findings,
and networked along interactive group activities like
our scientific Talk Show on “Climate protests that
make a difference”. We really enjoyed DOC2023
event with you!

One thing has become clear, that it is not only

the bioenergy technology but more and more the
social, legal, and institutional context, which pave
the road to a sustainable bioenergy in resilient
net-zero bio-economy and renewable energy sys-
tems. We also learned, that with better use of data
driven approaches, new research approaches came
into the game and enable us for better and faster
management of the bioeconomy value chains - from
process optimisation to holistic assessment con-
cepts.

With the valuable support of the Program Commit-

tee members, we successfully arranged an enga-
ging and captivating program for the sixth time in

6™ DOCTORAL COLLOQUIUM BIOENERGY

Prof. Dr. Daniela Thrén (DBFZ/UFZ/Uni Leipzig)

a row. The program consisted of five oral sessions,
one core poster session & exhibition. The confe-
rence programme was rounded off by a tour of the
HTWK NEUTEC - Sustainable Energy and Environ-
mental Technology department and the BioWéarme-
Zentrum Stadtwerke Gottingen.

Finally yet importantly, we would like to congratu-
late the winner of the Best Scientific Poster >> Mr
Matthis Kurth from the DBFZ for his convincing
poster presentation, the scientific content of his
PhD project (Topic “Binary mass transport through
a nano porous carbon membrane layer. Usage of
Maxwell-Stefan surface diffusion and experimental
verification”) and of course appealing layout of his
poster. As a follow-up to our successful event in
Gottingen, | am pleased to present the Conference
Reader of the 6" Doctoral Colloquium BIOENERGY
to you all. In this conference reader, you will find all
the abstracts, presentation slides and posters.

| wish you an informative read and hope to see you
all again next year at the 7™ Doctoral Colloquium
BIOENERGY (DOC2024) on 24./25. September
2024 at DBFZ in Leipzig!

Prof. Dr. Daniela Thran
DBFZ / UFZ / University of Leipzig
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THE RECENT HISTORY OF THE DOCTORAL COLLOQUIUM BIOENERGY

The recent history of the Doctoral Colloquium BIOENERGY
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Sebastian Foth, University of Rostock

SEBASTIAN FOTH, UNIVERSITY OF ROSTOCK

Options for the material and energy recovery of water care
material (WCM) from the maintenance of water bodies

Sebastian Foth

Department of Waste and Resource Management, University of Rostock

Justus-von-Liebig-Weg 6

D - 18059 Rostock

Phone: +49 (0)157 71877559

E-Mail: sebastian.foth2@uni-rostock.de

In Germany, the federal states are responsible for
the categorization and maintenance of the surfa-
ce water bodies. The legal regulations for this are
contained in the Federal Water Act (WHG) and in
the corresponding state water laws. In Mecklen-
burg-Western Pomerania, 27 independent water
and soil associations (WBV) are responsible for the
maintenance of second order water bodies. These
are medium-sized streams that are important in
terms of their characteristics from the perspective
of water management. Through the development
and maintenance of more than 18,000 km of
surface water (e.g. ditches and cannels), the WBV
contribute to securing flood runoff in the public inte-
rest. In the last decades, the WBV are increasingly
required to focus their work on the needs of nature
conservation and environmental protection. Often
the WBV are not able to follow the recommenda-
tions and regulations of nature conservation becau-
se of economic reasons. For example, the removal
and disposal of WCM from the water system after
maintenance poses major logistical and financial
strains for the WBV.

In a current study, drone technology was used to
determine the biomass potential of WCM in terms
of utilization and the amount of nutrients accumula-
ted by waterbody-associated vegetation. Preliminary
results show that an estimated 36,000 tons of DM
are potentially available for material and energy re-
covery each year throughout Mecklenburg-Western
Pomerania.

The harvested material is usually left in the slope
area without further utilization. When the biomass

rots, the nutrients bound in it return to the profile,
which has negative effects on the trophic conditions
in the water body. In addition, berms form over time
in the slope area, which restrict the surface runoff
of surrounding areas. Against the background that
the harmlessness of the harvested biomass can

be assumed in principle, there are many valuable
utilization options in the field of material and energy
recovery. To illustrate this, various investigated
recycling paths (Composting, Anaerobic digestion,
Carbonization, Soil improver) are presented in this
study from an economic as well as an ecological
point of view.

The long-term goal is to develop an utilization
perspective for the usable resource WCM. There
are ecological and economic interests in the de-
velopment of new biomass sources and innovative
utilization and recycling concepts. In accordance
with the principles of the circular economy, there
is a demand not to concentrate material loads in
the system, but to decompose them by means of
innovative treatment, refinement and utilization
processes.

In the context of current status or ecological po-
tential of our water bodies, which do not meet the
requirements and objectives of the Water Frame-
work Directive, ecologically oriented water body
management is the basic prerequisite for improving
water body quality. The approach to harvest and
utilize highly productive free available biomass from
water maintenance for recovery may therefore serve
as a model for an economically and environmentally
sustainable water body management.

6™ DOCTORAL COLLOQUIUM BIOENERGY
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SEBASTIAN FOTH, UNIVERSITY OF ROSTOCK

Christoph Siol, Deutsches Biomasseforschungszentrum

Environmental and economic life-cycle assessments of
residual biomasses in agricultural and forestry - a review

Christoph Siol, Stefan Majer, Daniela Thran

DBFZ Deutsches Biomasseforschungszentrum gemeinnutzige GmbH

Torgauer Str. 116
D - 04347 Leipzig
Phone: +49 (0)341 2434 618
E-Mail: christoph.siol@dbfz.de

Increasing utilization of residual biomasses from
agriculture and forestry raises the question of limits
and trade-offs regarding sustainable extraction and
utilization. There is a controversial debate on this
topic, not at least because of vague requirements
for farmers and operators to monitor the complex
effects on soil health and fertility resulting from an
extraction of such biomasses. To ensure a sustain-
able resource provision it is necessary to address
the various trade-offs by appropriate assessment
methods.

A systematic literature review of 162 studies has
revealed how environmental and economic Life-Cy-
cle Assessments (LCA) handle the multi-functiona-
lity of agricultural and forest production systems.
The review identified basic approaches of system
boundary settings as well as capabilities and
limitations regarding sustainable resource extrac-
tion. It showed that individual LCA results are not
cross-comparable, leading to high uncertainties
regarding the actual life-cycle impacts of a technical
utilization. Several aspects of sustainable resource
extraction remain neglected by any of the reviewed
studies, e.g. effects of soil organic carbon build-up
on soil fertility, soil biodiversity, and crop yields or
replacement effects when residual biomasses are
already used for other purposes.

Furthermore, the review indicates that there is a
need for an advanced assessment framework ca-
pable of addressing various impacts from a life-cy-
cle sustainability perspective, focusing on assets
and drawbacks of different management practices
and utilization strategies. The development of an
advanced assessment framework will base on a
set of appropriate indicators and methods and will
contribute to the ongoing debate about benefits and
trade-offs of sustainable extraction and utilization
of residual biomasses from agriculture and forestry.

6™ DOCTORAL COLLOQUIUM BIOENERGY
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Muhammad Sadr, Helmholtz Centre for Environmental Research

Modeling the integration of BECCS into the German bioenergy

system

Mohammad Sadr, Danial Esmaeili Aliabadi, Daniela Thran

Helmholtz Centre for Environmental Research - UFZ
PermoserstraBe 15

D - 04318 Leipzig

Phone: +49 (0)341 2434-588

E-Mail: mohammad.sadr@ufz.de

Bioenergy with carbon capture and storage (BECCS)
is a biobased Negative Emission Technology (NET)
that is going through a detailed and comprehensive
screening in a variety of countries. IPCC’s latest
report emphasized that net-zero targets cannot

be achieved both globally and nationally without
Carbon Dioxide Removal (CDR) technologies. Ger-
many aims to achieve carbon neutrality by 2045
and from 2050 onwards, it plans to have a negative
emissions balance. This means removing more
greenhouse gases (GHG) than it emits. In Germany,
estimates range from 5 to 18 Gt cumulative CO,
removal until 2100 while BECCS has a potential of
0.5 to 29.6 Mt CO,, per year. Despite BECCS being
a pillar component of Net-Zero policies, its imple-
mentation on a national or even regional scale will
present serious challenges.

The technical, economic and environmental con-
cerns in carbon capture and storage, required infra-
structure, land use competition for feedstock, sup-
portive policy and regulatory frameworks, financial
resources, and public acceptance are among the
obstacles BECCS must overcome to reach its full
potential. Therefore, we analyze the role of BECCS
in the German bioenergy system with a bottom-up
optimization model, which accounts for techno-eco-
nomics and political aspects of BECCS (e.g., avai-
lability of biomass, investment costs). The analysis
is based on today’s bioenergy provision being very

decentralized which contributes to the reducti-

on of fossil fuel usage by using locally sourced
feedstocks. Our findings will provide a better under-
standing of BECCS feasibility and viability in Ger-
many within the bioenergy context, and its potential
to meet the targets by removing GHG. In addition,
using insights from a national standpoint can allow
BECCS to expand to a more high spatial resolution
basis in Germany. The results as a computational
decision support will also assist policymakers in
creating development roadmaps for BECCS.

6™ DOCTORAL COLLOQUIUM BIOENERGY
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Bioenergy with carbon capture and storage (BECCS) is a biobased Negative Emission Technology
(NET) that is going through a detailed and comprehensive screening in a variety of countries. De-
spite BECCS being a pillar component of Net-Zero policy, its implementation at the national or
even regional scale will present serious challenges. Achieving the full potential of BECCS requires
addressing several challeng
carbon ¢
ive polic;
poster, we
model that a

such as technical, economic, and environmental concerns related to
pture and storage, required infrastructure, land use competition for feedstocks, support-
and regulatory frameworks, financial resources, and public acceptance. Therefore, in this
plore BECCS' role in the German bioenergy system through a bottom-up optimization
scounts for techno-economics and political aspects (for example, biomass availability,
investment costs) to identify its CO9 removal potential.

e A number of countries committed to stabilizing the global temperature by using renewable re-

sources. In Germany, bioenergy plays a significant role in the mix of renewable energy (around
55% of renewable energy) in the power, heat and transport sectors which heals the intermittency
of solar and wind energy [1]

o For 1.5°C to be reached, global carbon dioxide by 2030, Germany aims to reduce emissions by 65
percent of 1990 levels and achieve carbon neutrality by 2045. IPCC’s latest report emphasized
that net-zero targets cannot be achieved both globally and nationally without Carbon Dioxide
Removal (CDR) technologies [2].

o In Germany, estimates varies between 5 to 18 Gt cumulative COg removal until 2100, while
BECCS can remove approximately 62 Mt of COs per year [3].

Research gap

 Bio-based NETs in Germany lack a comprehensive knowledge base and assessment to support
local and national policy makers with cutting-edge biomass competition modeling and trade-off
analysis

Research objectives
The present study investigates the following objectives:
© Objective 1: A further evaluation of the practicality of BECCS as a NET in Germany, notably
its capacity to remove GHGs permanently.

© Objective 2: Enhancing the quality of assessments for BECCS technologies by incorporating
regional perspectives.

Materials and methods

I. Model description

In order to achieve our carbon removal targets cost-effectively, while taking into account the lim-
ited supply of biomass and competing interests for it, we calculate the optimal deployment of the
most popular BECCS technologies in Germany by considering their techno-economic characteristics.

II. Model elements

The extended BioENergy OPTimization model (BENOPTex) allocates dispatchable renewable
energy sources optimally across all goal functions and sectors, including power, heat, and trans-
portation. With the optimization model, bioenergy technology options compete to meet end-use
energy demands with the lowest possible costs and emissions while also respecting biomass avail-
ability through time and space.

We expanded the portfolio of technologies in BENOPTex by combining BECCS technologies such
as biogas, biomethane, bioethanol, gasification, and CHP facilities, while also taking into account
crucial analyses and calculations such as the following:

o Negative emission potentials
o Investment, operation and maintenance costs
o Variable renewable energy developments

o Political debates and legislation

4.2-Outputs: 4.1-Outputs:
« Visualization/plots and figures « GHG abatement
* Numeric arrays N + Optimal abatement cost
\ « Biomass & Land allocation
\\
4\
\\ e
\ s Y
o S 2
1- Data inventory: 2- Data Preparation: 3- Main model:
Techno-economic data ® The process of loading and « Building and solving
Life cycle GHG data transferring data optimization model by

Interpolations
Structural formatting for
GAMS

Sectoral demands
Biomass & Land data
Scenarios setting

establishing objectives,
constraints and solver

Figure 1: Data flow within the BENOPTex model
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© BENOPTex prepares and visualizes data using Matlab, which interacts with GAMS, where the
model is mathematically programmed and solved

Figure 2: Germany’s annual CO, budget
o The 2030 target can be reached using BECCS technologies without heavily relying on imported
e-fuels, but other NETs are required to meet the 2040 and 2050 targets.

Figure 3: BECCS's annual CO, removal capacity.

o By 2033, BECCS may incrementally reduce emissions to roughly 85 Mt COy equivalent, or 11%
of current emissions, before dropping to 50 Mt COq by 2045

Conclusion

© By deploying BECCS technologies in Germany, we will be able to meet environmental mitigation

targets by 2030 without heavily relying on imported e-fuels; howev

, in order to reach nega-
tive emissions, we need complementary solutions, such as nature based solutions and long-lived
biomass materials.

e Even though BECCS is appealing for achieving environmental goals, it does not appear to play
a prominent role in the energy system because other renewable energy sources can meet electric-
ity demand after the next decade and would be cost-effective in supplying electricity and heat.
Ethanol consumption in the transportation sector would be quite little due to technical challenges
in adopting higher blending ratios, but biomethane availability for other sectors (e.g., chemical
industries) is expected to be high.

Practical implications
o Considering the chemical sector with high ethanol demands, BECCS can likely have a more
significant impact than it does on existing outcomes.

© To encourage investors and keep the BECCS competitive, supportive mechanism, such as incen-
tives and subsi sential.

, are

o National-level insights regarding BECCS can be applied to a more high spatial resolution base
for the regional scale.
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A future bioeconomy will be central to the reduction
of the environmental impact of fossil-based energy
and material flows [1 - 10.2777/792130]. Various
documents such as the German National Bioeco-
nomy Strategy 2020 (GNBS 2020) indicate that
there will be not one bioeconomy in the future but
several different ones based on country specifica-
tions in biomass availability, industries and regional
value chains. To elaborate these characteristics,

in our previous work we identified 19 drivers for a
future German bioeconomy based on this national
strategy paper [2 - 10.3390/su14053045]. Among
these drivers’ biogenic residues and side product
streams; production plants of bioeconomy products;
cascade principle; fully recyclable biopolymers and
environmentally-friendly chemicals are considered
particular important. Additional they follow the ob-
served technology-oriented perspective of the stra-
tegy. In the work presented, the analysis examined
the interface between production plants of bioeco-
nomy products, here biorefineries, and the cascade
principle as a first step towards a circular economy.
Therefore, explorative scenarios for distinct biore-
fineries through to 2045 will be developed, that
illustrate their future role in a more circular oriented
German bioeconomy.

The identified drivers are used in connection to
literature based specific barriers and drivers for
biorefineries and the circular (bio)economy to define

impact categories that are analysed in the scena-
rios. Following, an overview of biorefineries in Ger-
many is given and, on the basis of interviews with
stakeholders, the status quo and future perspecti-
ves of material biomass flows in a circular economy
is elaborated. The data collected is used to develop
explorative scenarios. The focus is on increasing
the circularity of material flows and identifying the
enabling and disabling policy environment.

Obtained biorefinery overview is concentrated on
biorefinery plants that are built for the specific
purpose of material and chemical production of
products based on biomass in Germany. The elabo-
rated drivers and barriers from the literature review
and stakeholder interview illustrating opportunities
for circular oriented bio-based material flows. The
developed scenarios demonstrate the influence of
increasing biorefinery plant implementation onto
circular material flows and identify policies that are
enabling or disabling for a higher shares of circular
material flows.

Based on the developed scenarios, integration
opportunities and barriers of biorefineries within a
future German circular bioeconomy could be speci-
fied and sequential step for a transparent scenario
development within the field of bioeconomy could
be presented.
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Bioenergy is one major renewable energy sources
in the German power sector. It accounts for about
18 % of total renewable power generation in 2022.
Limited biomass potentials and increasing installa-
tions of wind- and solar power plants will shrink the
relative share in the coming years. Nevertheless,
flexible bioenergy plants could play an important
role for balancing residual load fluctuations, even
more important after the prices for natural gas rise
and security of supply dropped last year. Federal
government set a goal of 8.4 GW installed capacity
in 2030 which is very close to the recent portfolio
capacity. But it is not clear if a sufficient number of
plant operators can manage the increasing challen-
ges of rising prices for input materials, competing
market opportunities for biomethane and increa-
sing number of regulations, to reach the goal.

The current tendering scheme of the EEG is the
dominating regulation to control the installation of
new as well as the consecutive operation of existing
bioenergy plants. Since the tendering scheme is
very complex and the results for the coming rounds
cannot be simply extrapolated it is unclear if the
regulation is suitable for reaching the defined goals.
To tackle this blind spot for assessing the current
regulation framework an agent-based modelling
(ABM) approach can be used to simulate the ten-
dering mechanism in detail. Using object-oriented
programming (OOP) the simplified behaviour of all

bioenergy plants can be mimicked to capture all
relevant aspects of the current tendering scheme.
The high granularity, OOP is operating at individual
plant level, is later aggregated to major groups of
bioenergy plants in the power sector to achieve
results for the whole plant fleet. Beside technical
key numbers (installed capacity and generated
electricity) the OOP-approach allow also be to inclu-
de even more aspects, such as the used amounts
of biomass, generated heat or spatial analytics for
smaller regions like the German federal states.
Since most energy system models are following a
fundamental approach to model the future develop-
ment, ABM in contrast can better represent the
effects and interaction of and between individual
entities. Thus, this work can complement other re-
search approaches and support decision making for
the future role of biomass in the energy system.
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Dependency of the global economy on fossil resour-
ces like coal, oil and natural gas has gained new
relevance during the Covid-19 crisis and ongoing
conflict in Europe. Increasing energy costs have
affected global phosphate prices to levels last seen
during the 2009 fertilizer crisis. The necessity for
local supply of energy and fertilizers, independent
of global availability and markets, is currently more
vital than ever.

Decentralised biorefinery concepts currently play

an important role in the local supply. This trend is
reflected in comprehensive coverage of biomass
treating biogas plants across Europe, and especially
in Germany. These facilities reduce the need for na-
tural gas supply and additionally produce a residue,
usable as fertilizer.

Several German biogas plants are agricultural-ba-
sed, operated by entrepreneurs constantly seeking
optimization of operations. With the transition
towards green economy, a high demand for innova-
tion adaptable to the rapid change in the legislative
framework has become requisite.

An innovative concept for waste management was
evaluated in this case study as the first step to a
pilot operation envisioned in southern Germany.
Thermochemical processing was employed to valori-
se potential agricultural biomass occurring on-farm,

namely digestate produced from the local biogas
plant and waste residues from fruits distillation of
hard liquor.

Biogas digestates are a source of fertilizer largely
but the stillage from the hard liquor production
treated as waste presents a challenge to dispose.
Hydrothermal Carbonization (HTC) process was
employed to treat this mixture of wet feedstocks,
showing synergistic effects at set operating condi-
tions (230 °C, reaction times of 2 hand 4 h). Steam
activation of received hydrochars at 700 °C pro-
duces activated carbon, which subsequently can be
applied for micropollutant removal, biogas upgra-
ding amongst others. Process water as a source for
the production of organo/mineral fertilizers pre-
sents value addition to the biorefinery concept and
sustainable bioeconomy.
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Introduction

Dynamic operation of agricultural anaerobic dige-
stion (AD) plants requires reliable state estimators.
In practical applications, there exists no direct
online sensor for relevant stability indicators such
as volatile fatty acids. Therefore, state estimators or
soft sensors need to be developed, which use easily
available online measurements and a suitable ma-
thematical process model to reconstruct individual
process states. This study presents the design of
extended and unscented Kalman filters (EKF/UKF)
which rely on a mass-based simplification of the
original Anaerobic Digestion Model No. 1 (ADM1).
As a prerequisite, observability of the underlying
model is analyzed following a differential algebraic
approach.

Methods

Weinrich and Nelles (2021) recently proposed
mass-based simplifications of the ADM1 [1 -
10.1016/j.biortech.2021.125124]. In the present
study, the model class ADM1-R4 was slightly modi-
fied to improve practical application. Modification
included a second carbohydrate fraction to better
model gas production as well as measurement
equations of total and volatile solids (TS, VS). The
modified ADM1-R4 was analyzed for observabili-
ty following a differential algebraic approach as
described in Hellmann et al. (2023) [2 - 10.48550/
arXiv.2301.05068]. For this purpose, we assumed
online measurements of the gas composition,

and slowly time-varying offline measurements

of TS, VS, and inorganic nitrogen. For the offline

measurements, we assumed a sample-and-hold
behavior in between measurements. Moreover, a
synthetic simulation scenario was developed, which
models one week of dynamic feeding with a com-
mon agricultural substrate in a pilot-scale reactor.
Standard model parameters were applied accor-
ding to Weinrich and Nelles (2021) [1 - 10.1016/].
biortech.2021.125124]. Measurement noise was
considered according to data sheets of established
sensor equipment. Finally, both EKF and UKF were
designed based on the modified and normalized
ADM1-R4. Tuning matrices were chosen in accor-
dance with best practice [3-10.1021/ie300415d].
Both Kalman filters was implemented in Matlab and
tested for the synthetic simulation scenario.

Results and Outlook

Global observability could be shown for the modi-
fied ADM1-R4 applying the differential algebraic
approach. State estimates of the Kalman filters allo-
wed to reconstruct the original, undisturbed model
outputs and showed a good agreement with noisy
synthetic measurements. Moreover, the Kalman
filters allowed to estimate internal process states
such as microbial biomass. The Kalman filters could
therefore be used as soft sensors for uncertain
measurements such as biogas volume flow. Further
research will be focused on implementing larger
model classes such as the ADM1-R3 to consider
stability indicators such as acetic acid. Further, real
measurement data, offline measurement latency
and joint state and parameter estimation will be
addressed.
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Biogas plants have the potential to produce re-
newable electricity on demand. Thus, they are
indispensible for balancing demand and supply in
an electricity grid increasingly dominated by fluc-
tuating renewable sources such as wind and solar.
How-ever, the majority of German biogas plants are
still operated in quasi steady state applying static
feeding schedules [1]. Flexible feeding for demand-
oriented biogas production could drastically increa-
se revenues for operators but incurs the risk of
process inhibition due to the instable nature of the
anaerobic digestion process. This study presents a
model predictive control (MPC) scheme which opti-
mizes the revenue from electricity produced in the
combined heat and power (CHP) unit of the biogas
plant. Process stabilitity is maintained by adjusting
the feeding amounts and substrate composition.

We investigated the standard configuration of
agricultural biogas plants in Germany consisting

of the anaerobic digstion process in a continuous
stirred-tank reactor (CSTR), gas storage and CHP
unit. Therefore, we extended the mass-based sim-
plification of the Anaerobic Digestion Model No. 1
(ADM1) presented by Weinrich and Nelles (2021) to
incorporate feeding of multiple substrates. Further,
we included measurements of total and volatile
solids, a second carbohydrate fraction for improved
accuracy of predicted biogas production, as well as
a simplified gas storage model based on volumetric

balancing. A representative electricity prize curve

of one week was assumed in order to derive an
appropriate operating schedule of the CHP unit. The
optimization problem was defined using a quadratic
cost function subject to linear constraints on the
input.

Optimizing the feeding amounts and substra-

te composition resulted in drastically increased
revenues from electricity production when compa-
red with conventional, static feeding schedules.
Enhanced flexiblility in response to varying process
conditions was achieved by combining multiple
agricultural substrates with different degradation
characteristics. This increased process stability des-
pite significantly higher averaged organic loading
rates.

The results of this study contribute to sketch future
operating pathways for agricultural biogas plants

in Germany. Moreover, the presented optimization
allows for stabilizing process control even in less
dynamic operating scenarios. Nevertheless, future
research needs to be directed at coupling MPC with
state estimation and experimental demonstration in
full-scale.
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The prediction of binary fluxes is of significant
importance in the design and optimization of gas
separation membranes. A critical element of these
models is the accurate representation of adsorption
behavior by developing isotherm models that reflect
the sorbate-sorbent interactions. Several isotherm
models, such as the Langmuir isotherm, BET iso-
therm, and Dubinin-Radushkevich isotherm, have
been proposed to describe the sorption behavior of
gases on porous carbon materials. (Cavenati et al.,
2004; Dubinin, 1960; Radushkevich & Dobrokho-
tov, 1962; Zhang et al., 2015)

The present study focuses on predicting binary
fluxes of hydrogen and methane in a porous carbon
material with a pore size of 0.4 nm. The primary
aim is to investigate the performance of a model
based on the Maxwell-Stefan equations and the
Dubinin-Radushkevich equation approach in predic-
ting the binary fluxes in this specific system. Previ-
ous research has shown that the Maxwell-Stefan
equations can be successfully used to model binary
diffusion in various chemical systems, and the Dubi-
nin-Radushkevich equation has been proven to be a
reliable method of predicting the adsorption beha-
vior of gas sorption on porous materials. (Barker,
2017; Cavenati et al., 2004)

While the modeling of binary diffusion is well-estab-
lished, predicting binary fluxes in real-world systems

remains a significant scientific challenge due to the
complexities of the interactions. By comparing the
predicted binary fluxes to previously published expe-
rimental data, we aim to assess the accuracy of the
model in real-world scenarios. Additionally, we will
evaluate the performance of the model using binary
mixtures of gases and compare the predictions to
published data. (Barker, 2017)

This research has the potential to contribute to-
wards the development of more accurate models
for predicting binary fluxes, which could have im-
portant implications for the design and optimization
of gas separation membranes and ultimaPhoney
lead to the development of more efficient and sus-
tainable gas separation processes.
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Biomass gasification can provide low CO, emission
bio-syngas for application in renewable chemi-

cal and fuel production. The gasification product
typically contains hydrocarbon impurities, including
condensable aromatic hydrocarbons (tars), cau-
sing downstream condensation and coking issues.
Such impurities can be removed by catalytic steam
reforming, avoiding cost-intensive high temperature
cracking and physical separation strategies. Recent
reviews call upon further development of bi-metal-
lic Ni-Co systems for such applications, targeting
high-stability, low-coking reforming catalysts.
Ni-Co/Mg(Al)O catalysts were synthesized via
calcination of hydrotalcite precursors, following the
protocol reported by He et al. Fresh samples were
characterized by XRD, XRF, ICP-MS, TPR, N2-phy-
sisorption and H2-chemisorption. Activity and
deactivation experiments were performed in model
bio-syngas (CH,/H,/CO/CO, ratio = 10/35/25/25,
molar) with and without model tar addition.

The catalyst performance was tested (8 hours on
stream) at different operating temperatures (650-
800 °C), steam-to-carbon (S/C) ratios (2-5), tar
loading (10-30 g/Nm?, toluene) and model tar com-
positions (Tar-1 = 100/0/0, Tar-2 = 75/25/0, Tar-3
=70/25/5 wt% toluene/1-methylenaphthalene/
phenol). Coke formation effects were evaluated by

characterization of spent catalyst samples with TGA-

TPO, Raman spectroscopy and STEM/EDS

Fresh catalyst characterization results and ef-
fects of Ni-Co ratio have been reported elsewhere.
Complete model tar removal at the expense of
catalyst deactivation by coke formation was found
at all tested conditions. The added tar was well
accounted for as CH,/CO/CO, in the effluent flow.
The results indicate optimum temperature and S/C
ratio conditions, minimizing overall coke formation
and sintering effects. Simultaneous adjustment
of the bio-syngas H,/CO/CO, composition by WGS
reaction equilibration (preparing for downstream
Fischer-Tropsch applications) was demonstrated
throughout the range of tested conditions.

The project is funded by the Norwegian Research
Council (no. 257622) through the Centre for En-
vironment-friendly Energy Research (FME) Bio-
4Fuels. The Norwegian Research Council is also
acknowledged for the support to the Norwegian
Micro- and Nano-Fabrication Facility, NorFab (no.
295864).
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In view of current developments in sewage sludge
treatment away from material recycling in agricul-
ture and towards mono-incineration, a life cycle
assessment (LCA) was conducted to investigate
whether the thermochemical conversion processes
of hydrothermal carbonization (HTC) and pyrolysis,
as well as the material and energy applications of
the resulting biochars and hydrochars, represent a
more sustainable form of sewage sludge treatment.
The study was based on material and energy mo-
deling of HTC, pyrolysis, and subsequent utilization
pathways of the biochar and hydrochar.

The LCA generally focused on the process chains for
HTC and pyrolysis of the anaerobically pre-treated
sewage sludge compared to the process chain of
mono-incineration and ash disposal. In addition,
different application pathways for the produced
carbonisates were investigated: Firstly, material

use as a soil conditioner in agriculture and as a
peat substitute in horticulture. On the other hand,
the energetic application in mono-incineration and
co-incineration was evaluated.

In addition to energetic aspects, the concentration
and accumulation of organic pollutants (such as
PCDD/F and PCB) and heavy metals, among others,
were considered in order to quantify the overall
environmental impact and to identify possible uses
of the carbonisates. The LCA was performed using

GaBi Professional software, ecoinvent and GaBi
databases, while the environmental impacts were
determined using the ReCiPe midpoint method.

The LCA results show a positive overall balance

for both HTC and pyrolysis compared to mono-in-
cineration of sewage sludge, although increased
emissions were found in some impact categories for
different application pathways. In addition, energy
and material advantages over direct incineration of
sewage sludge were identified for both thermoche-
mical conversion processes, depending on the pro-
cesses used, and further potential improvements to
the thermochemical conversion chains were identi-
fied. The LCA therefore contributes to developing a
basis and decision support for the selection of the
most ecologically sound sewage sludge utilization
technology in the context of a sustainable bioeco-
nomy.
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Catalyst development is a topic of constant high
relevance, because process optimizations and
adaptations to changed boundary conditions, for,
e.g. industrial processes or flue gas aftertreatment
require new and further developed catalysts.

Great difficulties encountered in catalyst develop-
ment arise during the transition from one stage of
development to the next. Reliable estimation of the
behaviour of newly developed catalyst in real appli-
cations based on laboratory results could minimize
the risk of having to repeat especially the final, very
cost-intensive development step several times. This
could significantly reduce the overall development
costs.

Furthermore, on a laboratory scale under conditions
similar to those in a real plant a more accurate tem-
perature setting and recording of the temperature
distribution over a catalyst sample is possible. This
allows a more accurate investigation of the various
factors affecting the observed effective kinetics of a
catalyst sample. The aim of the thesis is to develop
a multistage method that can be used to reliably
estimate the full-scale behavior of a new catalyst
under development.

For this purpose, special test rigs have been de-
veloped to obtain the necessary experimental data
from laboratory-scale samples. These data are to
be incorporated into a mathematical model. This

model is to be used to describe the turnover-tem-
perature behavior of the catalyst at full scale under
the conditions of a real combustion plant.

The range of applicability of the process is initial-

ly limited to the development of catalysts for the
exhaust gas aftertreatment of combustion plants
in the small power range (i.e. combined heat and
power plants and small combustion plants).

The necessary test rigs have been designed and set
up. A commercially available catalyst was used to
determine the suitability of the test rigs for this pro-
cedure and a mathematical model was developed.
The test rigs, the experimental data obtained with
these test rigs, and the mathematical model de-
veloped are presented and discussed.
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Descision making for post-EEG concepts for biogas plants under
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Various sources of uncertainty such as renewable
energy production, weather forecast, regulatory
environment, economic development and the
current geopolitical tensions cause energy markets
to be highly volatile. Consequently, there is a great
deal of risk about market revenues, compelling
market participants to put considerable effort into
making a profitable decision. Biogas plants (BGPs),
compared to solar panels and wind turbines, would
be much more influenced by the uncertain energy
market revenues, most notably because of produ-
cing diverse products including power, heat, and
gas. In literature [1] various repowering concepts
have been recommended to BGPs’ operators to
extend the operations profitably in the post-EEG pe-
riod. But most suggested repowering concepts are
based on risk-free energy market prices posing a
potential overestimation of the available revenues.
Thus, the aim of my research is to analyze different
energy market risks and price volatilities in order to
reduce the errors prevailing in the current profitabi-
lity assessment of BGPs. To support the operator’s
decision making and operation of BGPs, suitable
risk management strategies concerning the alloca-
tion of biogas or biomethane volume to different
available markets will be investigated.

First, a suitable method for the forecast of the fu-
ture market price volatility and the generation of, for
example, electricity price time series is selected and

employed. Second, the potential revenues, entailing
market price volatility, and the relevant costs are
entered into the substrate mix optimization linear
programming (LP) model, which is responsible for
the formation of gas allocation portfolio. As a result,
the optimal substrate mixture, minimizing the gross
margin of the biogas production while complying
with regulations of different markets as well as
technical process restrictions, is achieved. The new
results will be compared with the literature results
(not including market price volatility) [1] in order

to see the extent to which the inclusion of risk and
uncertainty would make a difference. Moreover,

in order to minimize the potential risk of revenue
losses while confronting the portfolio of gas allocati-
on, an appropriate risk assessment technique, e.g.
value at risk (VaR), will be adopted.

It is expected that the reduction of errors regarding
the market revenues through conducting market
risk and volatility analysis and also hedging risk
strategies could help to acquire much more robust
solutions for optimal repowering concepts of BGPs
in their Post-EEG period.
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Can sustainable biomass help us achieve net zero? The politics of

people and the planet

Dan Taylor, Mirjam Rdder, Katie Chong

Energy & Bioproducts Research Institute, Aston University
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Biomass is unique amongst other sources of energy
in its position as a renewable source of carbon,

and its interlinkages with our natural ecosystems.
Against a backdrop of climate, ecological and
energy emergencies, the increasingly polarised
debates around biomass use mean that developing
policy to incentivise sustainable biomass use is
complex. Despite research demonstrating that mo-
dern biomass conversion technologies can reduce
greenhouse gas emissions, as well as deliver social,
environmental, and economic benefits, non-techni-
cal barriers to sustainable deployment still exist
within policy. By interrogating existing economic and
political forces via a political economy approach,
this research seeks to influence the design of policy
that incentivises biomass use that delivers maxi-
mum benefits for climate, nature, and people.

A review of existing literature on political economy
and renewable energy transitions reveals a signifi-
cant knowledge gap in the research around the use
of biomass resources for energy and products, and
a lack of focus on the concept of net zero and the
associated impacts on biomass policy. Furthermore,
several important themes emerged from existing
research which should be considered when making
policy decisions:

The social contract (Why): An expectation that elec-
ted policymakers ensure a secure supply of energy,
on a national scale, at an affordable rate. This is
threatened by powerful private interests who seek
to maximise their financial gains.

The energy decarbonisation challenge (What): What
technologies should we invest in now, locking in
path-dependency for years to come, that will ensure
we drastically reduce our carbon emissions? And
how will policymakers do this without breaking the
social contract and maintain the support of power-
ful private interests?

The approach we take (How): Top-down approaches
often maintain the status quo, whereas decentra-
lised, co-designed, local approaches to renewable
energy innovation are more likely to mobilise people
and garner political support; this makes them more
politically sustainable.

This presentation will draw on experiences enga-
ging with stakeholders from across UK bioenergy
supply-chains, including those from policy, acade-
mia, industry, and society at large. Via a political
economy approach, through qualitative analysis and
stakeholder engagement, this research aims to ad-
dress the identified gap in existing literature. It will
do so by highlighting and outlining opportunities for
socio-economic benefits associated with sustainab-
le biomass use, promoting opportunities to incenti-
vise best practice via policy design, and ensure that
outputs are accessible to non-expert audiences.
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Biomass is promoted as a carbon ’Carbon-neutrality isa
neutral fuel. But is burning wood a

step in the wrong direction? falry tale': hOW the race

Biomass cofiring loopholes put coal on open-ended life support in Asia

Green groups dispute power station

for renewables is burning
claim that biomass is carbon-neutral Elll'OpE'S fOl'eStS

18

Kwasi Kwarteng says biomass wood
imports are “not sustainable”

hard look at biomass August. 2022

Why the next PM should take a long,

By Slepan Sepanenks

Burning Biomass is NOT Carbon
The backslide on renewables Europe can't afford Neutral

ControverSial biomass power Station Wood pellets are sold asa clean alternative to
Scheme é to be gl'eenli t by G OV e mm e nt, coal. But is the subsidised bioenergy boom

accelerating the climate crisis?

Why is the UK still in thrall to dirty energy?  Gonverting coal plants to biomass could

: . — o fuel climate crisis, scientists warn
Enough with tl.le b.urmng :EU executive Markinch biomass plant under investigation as thick dust
accused of sacrificing forests appears on house and car windows
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The social, economic and ecological relations have
condensed into a socio-ecological crisis, since the
unequal satisfaction of societal needs seems to

be directly linked to a massive transgression of
planetary boundaries. We introduce the double
decoupling and societal-ecological transformation
approach to this fundamental problem: in addition
to a necessary technical decoupling, there is a need
for a societal decoupling of the satisfaction of so-
cietal needs from an increasing production of goods
(sufficiency).

In this context, we developed an integrated sustain-
ability framework with clear and applicable defini-
tions of social, ecological and economic sustainabi-
lity for sustainability assessment. In order to assess
and analyze integrated sustainability, we developed,
implemented and validated the innovative method
of Holistic and Integrated Life Cycle Sustainability
Assessment (HILCSA). HILCSA allows an integrative
(ecological, economic, social in one method) and
holistic (transdisciplinary and critical) sustainability
assessment based on about 100 social, ecolo-
gical and economic qualitative and quantitative
indicators addressing 14 out of 17 SDGs, in order
to analyze synergies, trade-offs and hotspots of
production and consumption systems in the bioe-
conomy and beyond. This method is fully software
implemented in openLCA and using the Ecoinvent/
SoCa database.

We applied HILCSA in two case studies in context of
bioeconomy. In the first case, a comparison of wood
building products with conventional steel beams

showed that renewable bio-based construction
materials can have a better holistic sustainability
than fossil-based products for nearly all indicators,
by less stressing the environment, having a less
negative impact on society and being economically
more efficient. However, fossil-based components
of such as phenolic resin are main contributors of
negative impacts and should be reduced and repla-
ced. In the second case, we compare liquid biofuels
as a drop-in alternative to substitute fossil fuels in
the transport sector, showing some contributions to
the SDG but significant sustainability risks of such
biofuels in terms of land and water use, energy effi-
ciency, working conditions and maintaining proble-
matic global supply chains.

Through this quantitative and qualitative sustaina-
bility assessments we identify synergies, trade-offs
and hot-spots of bioeconomy production systems on
a detailed and aggregated level. Common problems
are the very hard planetary boundary of land and
water availability limiting renewable resource and
goods production, as well as maintained global so-
cio-economic problems in supply chains when bioe-
conomy does not go in hand with a societal-ecolo-
gical transformation. It can also be concluded that
renewable resources should be used primarily for
material use and only energetically at the end of a
cascading life cycle.

Eventually, the idea of a bioeconomy and systemic

sustainability assessments is related to normative
societal and political questions.
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The potential of urban autumn tree leaves for energy generation
and carbon saving at scenarios level - a case study from the city of
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Autumn tree leaves are residues that are generated
annually and usually composted, but can also be
used as a feedstock for biogas production. In this
study, life cycle assessment (LCA) principles were
adopted to establish three scenarios to evaluate
the utilization of tree leaves from the city of Ber-

lin in Germany: a) composting (business-as-usual
scenario); b) biogas production; and c) the pre-
treatment of leaves before biogas production. For
these scenarios, greenhouse gas emissions and
energy production potential were calculated using
the biological resource utilization impacts (BIORIM)
model and considering the location and capacity of
existing agricultural biogas plants. A special focus
was set on the decay of leaves before their entry
into the biogas plant. The overall comparison sho-
wed that the biogas-related scenarios had a better
performance in terms of greenhouse gas emissions
(-140.1 kg of CO,eq per tonne of leaves for biogas
and -167.4 kg of CO,eq for pretreatment before
biogas) than the business-as-usual scenario (49.0
kg of CO,eq for composting).

The pretreated leaves resulted in the lowest net
emissions and highest energy production per tonne
of feedstock. Measures to reduce the decay of
leaves, such as increasing the loading to the biogas
plant or ensiling, resulted in lower net emissions
and higher energy output. Net greenhouse gas
emissions in the scenarios are sensitive to the type

of leaves. Leaf types with lower dry matter content
(i.e. lime tree leaves) resulted in lower organic car-
bon on a fresh matter basis, leading to lower bioge-
nic emissions, while fossil emissions remained the
same in all scenarios. Net emissions are also sen-
sitive to the daily loads of tree leaves to the biogas
plant in the biogas production scenario, such that
lower loads led to more emissions from leaf decay,
and less biomass available for energy production.
Further research regarding costs and logistical fea-
sibility for proper implementation is needed. Using
tree leaves for biogas production would represent
an alternative energy source, which could reduce
the share of fossil fuels and electricity imports for
the city of Berlin, where about 7.5 metric tonnes of
pretreated leaves would meet the average electrical
energy consumption of one person in one year.
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Straw supply costs over time: A German supply cost model for
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Bioenergy depends on the supply of biomass. In
this context, biogenic by-products, residues and
waste (BRW) are particularly important because
they do not compete with food. However, these
residues and waste materials are rarely traded

on standardised markets, so the determination of
supply costs is not consistent. For example, straw
prices available from chambers of agriculture refer
to bilateral and individual straw sales. This makes
it difficult to monitor supply costs. One approach is
to use the activity-based costing method to quan-
tify and monetise the effort of biomass supply. The
calculated supply cost is then understood as the
minimum price at which the owner of the biomass
is willing to sell it.

As part of my PhD, | developed a model that calcu-
lates the supply costs based on these expenses.
Straw was used as a use case because it is the
BRW with the highest theoretical potential in Ger-
many. The model can show the development over
time from 2010-2020 as well as the regional diffe-
rences at county level (NUTS-3). Within the straw
supply chain, it takes into account collection costs,
transport costs from the field to the farm, storage
costs at the farm and opportunity costs based on
nutrient losses due to straw removal.

The DOC2023 contribution will focus on the de-
velopment of straw costs over time. It could be
shown that the national average straw cost from
2010 to 2020 varies between 57,19 and 61,97
EUR/t fresh matter (FM). The relative proportions
of the different cost components along the supply
chain remain constant over time. The sensitivity
analysis showed that the assumed storage period
and storage costs, the straw yield per hectare and
the wage level have the greatest influence on the
costs. Fuel costs for straw machinery have a minor
impact on total costs.

The results of the model can be used as input data
for techno-economic analyses via a data repository.
The modular structure of the model allows the input
data to be varied. This allows the cost of supply to
be calculated under pre-defined scenario assump-
tions.
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A three-level study to evaluate the use of biological inputs to
improve biomass production and phytoremediation capacities in
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Miscanthus x giganteus is one of the most promi-
sing lignocellulosic crops to pursue the dual purpo-
se of biomass production and phytoremediation of
heavy metals in contaminated areas, not suitable
for food species. Despite not being hyperaccumu-
lator plant, several studies show how it can both
accumulate good quantities of heavy metals in the
aerial biomass carrying out phytoextraction action
and play an important role in the phytostabilization
towards those metals that cannot translocate to the
aerial parts. Today, to improve these features, rese-
arch focuses on the use of biostimulants and other
biological inputs. As part of my PhD project, carried
out in the framework of the GOLD H2020 project, |
try to respond to the need to elucidate which kind
of biostimulants can effectively improve miscanthus
productivity and its phytoremediation capacity. To
concrePhoney achieve this result is necessary to
use real contaminated soil where the metals have
undergone a series of chemical reactions that make
them less bioavailable to root absorption over time.
Indeed, the soil used belong from a landfill in the
outskirt of Bologna (IT). According to Italian law 5
heavy metals concentrations exceed the contamina-
tion threshold: Zn, Cu, Ni, Pb and Sn.

The study is divided into 3 levels:

1) A greenhouse pot experiment in which 5 possib-
le biological agents were tested for 13 weeks on
miscanthus micropropagated plants in pots (12L)
to understand which was the best to increase dry
biomass productivity (g/plant DM). Two have been
selected: root biostimulant based on humic and ful-

vic acids (T3, which double the untreated control C)
and the combination of this treatments with mycorr-
hizae (T1xT3, which resulted in an increase of more
than 60 % than C).

2) A field trial to test the root biostimulants, alo-

ne and in combination with mycorrhizae, and

the untreated control in real conditions, through

3 replicates per treatment (plots of 10 m2) in a
randomized-block design. The biomass production
optimum, as heavy metals phytoextraction estima-
tion, is expected in the second/third year as well as
the major differences between the treatments. At
the time of writing this abstract, the second growth
season has begun, which will end in autumn 2023
with the determination of the yield both in terms of
dry biomass and metals phytoextracted. However,
during the season, morphological and biometric
data will be periodically collected to give preliminary
indications on plants growth and productivity, that is
my purpose to present at the conference.

3) A further greenhouse trial with 12 transparent
tubes (66L) to investigate the role of the treatment
selected as most interesting (T1xT3) versus the
control C, especially the interaction on the root sys-
tem proliferation at 2 different layers: 0-30 cm and
30-90 cm deep and the relative effects on phytost-
abilization and phytoextraction capacities, as well
as the plant development and metal bioavailability
(each belowground measure is repeated for the 2
layers). At the time of writing this abstract the trial
is in the 8" week out of a total of 20. It would be my
intention to present the main results obtained at
the conference.
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Indirect land use change (iLUC) is considered a
significant challenge associated with an increasing
demand for biomass and bioenergy. Sustainabi-

lity certification is discussed as one instrument

to manage this risk. However, expanding biofuel
certification schemes towards a credible and reli-
able approach to account for iLUC risks is still an
open question. As recently reviewed, low iLUC risk
biomass production could be based on the use of
additionality practices that an individual producer
can adopt to provide an amount of biomass in addi-
tion to a reference case. To support the sustainable
use of such practices, there is a need to determine
whether existing certification instruments address
trade-offs that could arise from the use of these
practices and whether these instruments are based
on scientific evidence, and to develop assessment
approaches for the trade-offs that are not currently
considered in sustainability certification.

The aim of the study is to develop a knowledge-ba-
sed guidance primarily aimed at voluntary certifi-
cation schemes, providing decision support for the
assessment of specific trade-offs. We will present
the methodological approach, results and conclu-
sions, and recommendations for improvements in
certification schemes to assess these trade-offs.

To achieve this aim, in a first step, potential tra-
de-offs are reviewed and compared whether cer-
tification schemes take them into account or not.
Based on these findings, potential assessment

approaches for a selection of trade-offs are revie-
wed and evaluated to determine which approach

is suitable and a good practice for certification. In

a further step, these approaches will be compared
with the instruments of biofuel certification sche-
mes. Based on this comparison, a decision support
tool for the implementation of suitable assessment
approaches is developed.

We can determine trade-offs that are considered by
a majority, e.g., biodiversity loss, by about half, e.g.,
hazardous work, and by a minority, e.g., resource
depletion of schemes. From the perspective of ad-
dressing trade-offs, biomass cultivation on unused
land is the most promising additionality practice.
We have identified suitable assessment approaches
for biodiversity loss, human disease, increased
economic expenses, resource depletion, and water
depletion. In addition, we can identify certification
instruments currently used to assess trade-offs that
are not consistent with the assessment approaches
evaluated as suitable and good practice. On the
other hand, we can determine approaches for those
trade-offs that are only considered by a minority of
schemes.

There are instruments currently used in sustain-
ability certification of biofuels that are based on
scientifically sound methods. In contrast, there are
instruments that cannot be considered scientifically
sound. The latter need to be improved to support
effective sustainability certification of biofuels.
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For the conversion of process energy to renewa-
ble energies such as solar and wind, the energy
demand of biomass processing must be flexibly
adjustable to this fluctuating electricity. The adjust-
ment of a system‘s power demand to follow the
current power generation is commonly referred to
as demand side management (DSM).

Increasing the flexibility of continuously operated
processes inevitably entails oversizing the process.
DSM strategies result in shutting down a process
and thus electricity being purchased at times of low
prices which can in turn lead to monetary benefits.
From an economic point of view, this however leads
to an increase in investment and thus capital costs.
Only when these monetary benefits exceed the
increase in capital costs does the implementation
of a DSM serve an economic purpose.

A framework that evaluates the most important
economic parameters for the decision of a DSM
implementation for continuously operated pro-
cesses is proposed. The framework is based on a
multistep analysis of processes within an industrial
plant investigated for mass flows, energy demand
theoretical DSM potential and several economic
aspects of DSM implementation. In a case study,
the functionality of the framework is demonstrated
on a biomethane production plant. The framework
evaluates and ranks processes concerning their

economic DSM potential. This results in the possi-
bility of assessing the plant or processes determi-

ning whether DSM implementation is economically
viable.

The results show that in downstream digestate tre-
atment DSM implementation is especially feasible.
In further studies the focus of dynamic scheduling
and optimization will therefore be put on the sepa-
ration cascade of fermentation digestate broth. A
detailed analysis of the processes that have been
identified feasible for DSM implementation will be
conducted taking shut down and switch on durati-
on into account. The modelled processes will react
time dependently to fluctuating electricity prices
analyzing the real time economic effects and eco-
logical advantages that the DSM implementation
could entail.
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Introduction

The Pilot-SBG project is financed by the Federal
Ministry for Digital and Transport and will estab-
lish a pilot-scale biorefinery in Leipzig, Germany,
using agricultural and urban biogenic residues and
wastes and green hydrogen (H,) to produce metha-
ne (CH,) as a transport fuel. Anaerobic digestion of
biomass produces biogas, which consists mainly

of CH, and carbon dioxide (CO,). By adding H,, the
CO, in the biogas can react on a catalyst to form
more CH,. The methanation process takes place
without separating CO,, from the biogas-CH,. Prior to
methanation, the biogas must be cleaned of cata-
lyst-damaging components like hydrogen sulfide
(H,S). Preliminary laboratory-scale tests will identify
suitable adsorbents for biogas cleaning and cata-
lysts for direct biogas methanation under pilot plant
conditions. The product should be a gas with high
CH, and low CO, content and a concentration of H,
< 2 vol%, which meets the transport fuel require-
ments of DIN EN 16723 2.

Approach and Methods

Adsorbents: Six commercial activated carbons and
a non-commercial metal oxide were investigated for
biogas purification, as well as a commercial metal
oxide as a reference. Each adsorbent was tested in
a 22 cm? fixed bed with a model biogas of CH,, CO,,
H,0, 0, and H_S until H,S breakthrough, which was
defined as 50 ppm in the product gas. Based on the
breakthrough time, the adsorption capacity was cal-
culated as the uptake of H_S per mass of adsorbent
to compare the different materials.

Catalysts: Six catalysts based on Ni or Ru on Al203

or Ce0, and a commercial Ru-based catalyst as a
reference are tested. In a preliminary test, the most
suitable combination of three process parameters
(temperature, gas hourly space velocity and H,/
CQO, ratio), which can be easily adjusted in the pilot
plant, were determined for each catalyst using a
Design of Experiment approach. In a subsequent
series of tests, the stability of each catalyst is
tested over 70 h. A gas containing 500 ppm H_S

is then used to determine how long it takes for the
catalysts to lose all activity due to H,S poisoning.

Results

Adsorbents: Compared to the reference, five of the
seven materials tested show a higher H,S adsorp-
tion capacity. All activated carbons except the one
impregnated with KI, which is not suitable for the
pilot plant conditions, perform better than the two
metal oxides.

Catalysts: The preliminary tests have shown that
five of the seven catalysts, with their individually
best parameter combination, meet the transport
fuel requirements. One of the two catalysts not sui-
table for fuel production is the reference catalyst.
So far, only the two Ni-based catalysts have been
tested over 70 h and with H_S in the input gas.
These tests suggest that CeO, as a support material
improves the H,S tolerance.

Outlook

The remaining catalysts are currently being tested
for stability and H_S poisoning. A suitable combina-
tion of adsorption material and catalyst will then be
proposed for the pilot plant.
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Residual biomass is a valuable resource for the
production of bioenergy (CH,, H,) and biomass-ba-
sed products like carboxylic acids. However, locally
available biomass can show high variation in quality
and composition over time (e.g., seasonal changes
or biomass availability). To enable the flexible use of
changing feedstock, a stable and adaptable dige-
stion of biogenic residues is required. In anaerobic
digestion, stage separation into hydrolysis/acidoge-
nesis and methanogenesis offers higher stability,
due to the great adaptability and resistance of hy-
drolytic microorganisms. Plug-flow digestion further
supports the enrichment of microbial species in the
first stage by the formation of microenvironments 3.
In this study, the continuous hydrolytic digestion in
two plug-flow reactors (PFRs) was evaluated under
changes of process operation (hydraulic retention
time, recirculation), feedstock variation (maize
silage, bedding straw) and microbial changes (bio-
augmentation, microbial adaption) for a total of 123
weeks.

Multi-position on-line monitoring of the pH-value,
conductivity and the oxidation-reduction potenti-
al was applied in three different spots along the
reactors to detect gradient formation, identify the
best measurements points and evaluate possibi-
lities for process control via on-line monitoring. By
this, we could confirm phase formation of different
metabolic zones along the reactor with hydrolysis

at the in- and outlet, lactic acid fermentation at the
inlet and acidogenesis (butyric/acetic acid) in the
center of the reactors. With the described monito-
ring strategy, the on-line determination of the aci-
dogenic fermentation pattern, acid concentration,
acidification and acid yield are possible and stable
over a wide variety of process conditions. This could
extensively simplify the installation and control of
hydrolytic PFRs in a large scale, where instabilities
due to feedstock variation, operational changes and
more could be quickly recognized and predicted.
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Anaerobic Digestion (AD) processes can provide
demand-oriented power and compensate for the
irregularity of renewable energy conversion. Mo-
del-based automation procedures offer efficient and
robust concepts for non-linear AD process optimi-
zation. Typically, the Anaerobic Digestion Model

No. 1 (ADM1) is applied for AD process modelling.
However, it cannot be implemented during regular
operation of industrial AD plants due to the lack of
reliable and sufficient measurements.

Stochastic modeling techniques, such as Machine
Learning (ML), show great potential for non-linear
process prediction of AD plants, as they do not re-
quire previous knowledge regarding process proper-
ties. However, ML algorithms need datasets to be
trained on. Normally, the modelling of full-scale bio-
gas reactors makes use of training, validation and
test data measured from the target reactor. In this
study, the capabilities of ML algorithms to model
full-scale AD processes while trained on lab-scale
data are evaluated.

Several ML algorithms were trained on data genera-
ted from a 20 L lab-scale CSTR reactor and tested
on a 188 m3 CSTR reactor fed with corn silage and
cattle manure at a constant Organic Loading Rate
(OLR) of 1.1 kg VS m-3 d-1 and a constant Hydrau-
lic Retention Time (HRT) of 100 days. The study
utilized three simulation scenarios with varying

percentages of lab-scale and full-scale datasets for
training, validation, and testing of machine learning
algorithms. The scenarios were designed to explore
the optimal balance of data usage and algorithm
performance.

Both reactors were equipped with various sensors
(such as gas meters and gas composition sensors),
and bi-weekly measurements for pH, VFAs, TS and
VS were performed. TS and VS measurements for
the feed substrate were used as input data for the
models. Data was resampled to 12h resolution.
Several ML models, including bayesian and linear
regression, k-nearest neighbors, and Adaboost
regressor, were tested and optimized through a
standardized data optimization pipeline. Results
showed that bayesian linear regression could pre-
dict the methane production of the full-scale reactor
one day ahead with an RMSSE of 90 %.

This research demonstrates the successful use of
ML models, particularly bayesian linear regression,
to predict methane production one day ahead from
full-scale AD while trained with lab-scale data. The
application of these models to dynamic AD pro-
cesses shall in the future be tested and possibly
set the basis for stochastic model-based control of
full-scale biogas reactors with minimal resources
expenditure.
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Methane-producing bio-electrochemical systems
(CH,-BES) have become a promising technology to
capture and convert CO,. Research on CH,- BES
shows its potential advantages over bio-methanati-
on technologies, where a bioreactor is directly fed
with H, and CO, or biogas. In a CH,-BES, H, is ge-
nerated directly in the bioreactor at the cathode in
close proximity to hydrogenotrophic methanogens.
Consequently, challenges related to the low solubi-
lity and the mass transfer of H, in the liquid phase
can be mitigated. Furthermore, external storage
and transport of H, is avoided as it is produced in
situ and at a rate sufficient for microbial conversion.
Most recent technoeconomic analysis shows high
costs due to expensive bio-electrochemical reactor
components, such as electrode material.

Biochar is a cheap biomass-derived black carbon,
produced by e.g. pyrolysis of woody biomass, which
has been widely studied in wastewater treatment,
gas separation, and soil remediation. The high per-
formance of biochar as an electrode material was
reported by some studies; however, the systematic
characterization of commercial biochar granules for
biocathodes is missing. Therefore, the main aims of
this study were first, the electrochemical characteri-
zation of commercial granular biochar-based catho-
des in term of overpotential for hydrogen evolution
reaction (HER) and second, the physicochemical
characterization of biochar granules (BG) to investi-

gate the root reasons of incongruity in their electro-
chemical performance. Pyrolysis process and the
nature of wood affects produced biochar in terms
of, specific surface area, and degree of carbonizati-
on which explain the electrochemical performance
of material. BG produced via pyrolysis from hard-
wood species at 740 °C (BEW740) was selected as
the best-performing cathode. Cyclic voltammetry
(CV) tests revealed that its overpotential is 2.5
orders of magnitude less than granular graphite-ba-
sed cathode at low current densities, -1mA cm-2.
Here, we showed that BEW740 has higher carbon
content; however, there is no linear correlation
between the overpotential for HER and surface area
of BGs. The knowledge achieved from this study will
provide a scientific basis to select and/or produce
high-performance biochar granules for applications
in cathodic reactions.
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