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WELCOME NOTE FROM OUR PATRON, PROF. DR. DANIELA THRAN

Welcome note from our patron, Prof. Dr. Daniela Thran

Dear Participants of the 7™ Doctoral Colloquium,

i would like to take this opportunity to thank
you for your active participation in the 7" edi-
tion of our international Doctoral Colloqui-
um BIOENERGY AND BIOBASED PRODUCTS,
the networking event for young scientists in
the field of bioenergy and bioeconomy.

Biomass is a valuable resource in a climate friendly
future and can provide much more than energy. We
have discussed this issue during the last Colloquia
and also saw more and more cases of integrated
production of biomaterials and bioenergy. The
changed title of the event, we have decided,
together with our extensive programme advi-

sory board, in order to expand the focus of the
colloquium to include the aspect of ‘bio-based
products’ and thus also take into account the
changed topics and developments in research,

but also in industry, policy and societal percepti-
on. We have also endeavoured to integrate this
aspect more strongly into the programme and

thus make the Doctoral Colloquium even broader
and more future-oriented in terms of content.

Last year, together with the University of Applied
Sciences and Arts Hildesheim/Holzminden/
Gottingen (HAWK), we were able to experience a
very exciting programme of events with a variety
of innovative research topics. Many thanks once
again to Prof. Dr. Achim Loewen and his team!

This year‘s event once again took place in Leipzig
at the DBFZ in keeping with tradition and offered
a total of six sessions, an extensive poster ses-
sion, two keynotes and a supporting programme
with plenty of scope for new scientific findings
and making new scientific contacts. This point in
particular makes the Doctoral Colloquium BIO-
ENERGY AND BIOBASED PRODUCTS an import-
ant event platform for you as young scientists.

Prof. Dr. Daniela Thrdn (UFZ/University of Leipzig)

Our aim is to bring together future researchers,
industry leaders and political decision-makers

at an early stage in order to exchange knowled-
ge and discuss research gaps and challenges.

At the same time, networking between scientific
institutions that are already intensively involved in
bioenergy research must be further expanded.

As patron of the event, | would like to take this
opportunity to thank you once again. Not only for
your participation, but also for your intensive contri-
bution on a professional scientific level, many new
impulses and insights into your research topics.
With your help, we have got the Doctoral Colloquium
off to a good start. Against this background, | am
delighted to be able to hand over the patronage to
Prof. Michael Nelles.

With kind regards,

Prof. Dr. Daniela Thran

Helmholtz Centre for Environmental
Research / University of Leipzig
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GREETINGS FROM MYRSINI CHRISTOU (EERA BIOENERGY)

Greetings from Myrsini Christou (EERA Bioenergy)

Dear Participants of the 7 Doctoral Colloquium,

On behalf of the EERA Bioenergy, | would also
like to welcome you in the International Doc-
toral Colloquium on Bioenergy and Biobased
products that is being successfully organi-
sed by DBFZ for a 7™ subsequent year.

For EERA Bioenergy, as an Alliance of European
universities, technology centres and institutes
involved in Excellent Research on sustainable
bioenergy, it's of utmost importance to define stra-
tegic areas of research and the key questions that
need further research efforts, in order to meet the
ambitious targets of the EU policies (Fit for 55, RE-
PowerEU, ReFuelEU Aviation and FuelEU Maritime).

For this purpose, a position paper ‘Bioener-
gy, biogas and biofuels: Research and inno-
vation gaps in the EU’ was prepared by our
members and published in June 2024.

As this event is followed by you scientists in the
field of bioenergy | take the opportunity to list
a few takeaway messages from our position
paper on key energy topics we have identified.
For further reading | invite you to visit

and send us your comments.

¢ Bioenergy (power, heat, fuels) will always be an
integral part of optimised biomass valorisation
strategies, either being the main product in
bioenergy/biofuel-based biorefineries or being
secondary product(s) in bioproducts-based biore-
fineries.

¢ Defossilisation means that more biobased car-
bon is needed. Too often the focus is on maxi-
mizing carbon yield and the option of CO, se-
questration or biochar use as a means towards
negative emissions is forgotten.

* When developing bioenergy systems it shouldn’t
be forgotten that materials and energy go hand
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in hand; thus production of biofuels with bioba-
sed products should be further addressed.

¢ To meet future biomass demands required in
the various sectors of the European biobased
economy, European non-food crops, aquatic
feedstocks and agro- process and post-consu-
mer residues should be used circularly and sus-
tainably. Also, sustainably sourced non-European
biomass feedstocks should be made available to
ensure security of supply. Biomass commodities,
or bioenergy carriers, made from a wide range of
feedstocks can mobilise larger shares of bio-
mass to support the large biorefinery plants.

¢ Access to commercial data and proper upsca-
ling of technologies will increase the credibility
of LCA studies, which should also consider the
future technological changes in the value chains.

¢ Public awareness of bioenergy in Europe is low,
as compared to other renewables. Some of the
main concerns are related to water scarcity and
competition with existing food supply and price.

| hope you enjoy the event, gain knowledge and ins-

pirational insights, and build creative collaborations.

Myrsini Christou
EERA Bioenergy

© GreenMeUp Project



THE RECENT HISTORY OF THE DOCTORAL COLLOQUIUM BIOENERGY

The recent history of the Doctoral Colloquium BIOENERGY
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SINA LEIPOLD, HELMHOLTZ CENTRE FOR ENVIRONMENTAL RESEARCH

Sina Leipold, Helmholtz Centre for Environmental Research

Turbulent Waters: Can We Navigate Narratives of Sustainability
Transformation?

Prof. Dr. Sina Leipold

Helmholtz Centre for Environmental Research - UFZ
Permoserstr. 15

04318 Leipzig

Phone: +49 (0)341 235 - 1215

E-Mail:

Keywords: Strategies, Narratives, Sustainability, Transformation

Narratives guide us like currents through the turbul-
ent waters of social, political and ecological change.
This talk highlights how actors from business,

civil society, science and politics can use stra-

tegic practices to skillfully navigate narratives

or react to stormy events to build new dams

and direct the narratives of the future. At the

same time, the talk warns of the dangers of
unpredictable waters that can sweep away

dams and canals, along with their architects.
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MARCEL DOSSOW, TECHNICAL UNIVERSITY OF MUNICH

Marcel Dossow, Technical University of Munich

Electrification of gasification-based biomass-to-Liquid processes

Marcel Dossow, Kentaro Umeki?, Harmut Spliethoff, Sebastian Fendt
Technical University of Munich, Chair for Energy Systems

Boltzmannstr. 15

85748 Garching

Phone: +49 (0)89 28916-267
E-Mail:

1 Luled University of Technology, Division of Energy Science, 97187 Lulea, Sweden

Keywords: Biomass-to-Liquid, Power-and-Biomass-to-Liquid, Electrification, Advanced Biofuels

To decrease anthropogenic greenhouse gas emis-
sions and mitigate climate change, biomass-based
fuels and chemicals will play a crucial role. Bio-
mass-to-Liquid (BtL) processes using gasification
to produce syngas followed by synthesis producing
chemicals and fuels are promising pathway to
produce high quantatites of fuels and chemicals in
the medium term, i.e. before 2040. With biomass
being a scarce resource, its efficient utilization is
key. To maximize product yield in BtL processes,
electrification of such can play a major role.

Electrification options are classified into direct and
indirect processes. While indirect electrification
comprises mostly the addition of H, from water elec-
trolysis (Power-and-Biomass-to-L, PBtL), direct elec-
trification refers to power integration into specific
processing steps by converting electricity into the re-
quired form of energy such as heat, electrochemical
energy or plasma used (eBtL). After and overview of
state-of-the-art technologies and possible P-/eBtL
processes, the most promising process routes are
selected for further analysis. Based on process mo-
dels, the selected pathways are discussed in terms
of process performance, maturity, feasibility, plant
location, land requirement, and dynamic operation.
Electrified BtL processes show many advantages
compared to BtX and electricity-based processes
(Power-to-Liquid, PtL). The analysis shows that

H, addition is widely investigated in the literature

with process simulations confirming significantly
increased carbon efficiency and product yield.

Similar studies on direct electrification (eBtL) are
limited in the literature due to low technological
maturity. Novel process models indicate, that,
though technologically less mature, the integra-
tion of co-electrolysis or plasma gasification or
combinations of all might be even more suitbale
for BtL electrification. From a system level, plant
location plays a major role. The location depen-
dant boundary conditions, spanning from bio-
mass avaiabilty, over energy system implications
and political regulations, also massively influen-
ce the feasibilty of the employed technology.

Further research is required on both, equip-
ment level technology development, as well as
process and system level, to compare process
options and evaluate performance, economics,
environmental impact and future legislation.
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Catalyst development remains a highly relevant
topic due to the need for process optimizations
and adaptations to changing boundary conditions,
such as those in industrial processes or flue gas
treatment, which necessitate new and advanced
catalysts. Significant challenges in catalyst de-
velopment often occur during the transition from
one stage of development to the next. A reliable
estimation of the behavior of newly developed
catalysts in real-world applications, based on la-
boratory results, could minimize the risk of having
to repeat the final, particularly costly develop-
ment steps multiple times. This approach could
significantly reduce overall development costs.

Additionally, laboratory-scale experiments under
conditions similar to those in an actual plant allow
for more precise temperature control and recor-
ding of temperature distribution across a catalyst
sample. This enables a more accurate investigati-
on of the various factors influencing the observed
effective kinetics of a catalyst sample. The objective
of this thesis is to develop a multistage method
that can be used to reliably estimate the full-sca-

le behavior of a catalyst under development.

For this purpose, specialized test rigs have been
developed to obtain the necessary experimental
data from laboratory-scale samples. These data
will be incorporated into a mathematical model.

This model is intended to describe the conversi-
on-temperature behavior of the catalyst at full scale
under the conditions of an actual combustion plant.
Initially, the applicability of this process is limited

to the development of catalysts for the exhaust

gas aftertreatment of combustion plants in the
small power range, such as combined heat and
power plants and small-scale combustion units.

The necessary test rigs have been designed and
constructed. To determine the suitability of these
test rigs for the intended procedure, a commercially
available catalyst was used, and a mathematical
model was developed. This paper presents and dis-
cusses the test rigs, the experimental data obtained
with them, and the developed mathematical model.
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The circular bioeconomy concept addresses several
challenges facing the linear fossil fuel industry in
an era of accelerating climate change. The pursuit
of a more sustainable economic system leads to
the integration of more renewable resources for
energy and material application. This integrates
multi-level systemic transformation aspects that
need to be assessed to avoid and minimise tra-
de-offs. Scenario methods are supportive and
established for this task and are used for the
systemic identification of key aspects in the circu-
lar bioeconomy [1] and the rational compilation of
drivers and variables of the systems under study
(Richter et al. not published yet). Based on these
methods, different possible future system states
could be analysed and provide new knowledge
about influencing systemic drivers. For the support
of the energy transition in Germany and Europe
several scenarios [2] have been developed.

For the bioeconomy in general, scenarios are
quite limited. To accelerate scenario develop-
ment in the field of bioeconomy, in previous work
steps, scenario drivers and scenarios have been
developed. The process reveals that especially in
the bioeconomy field a clear framework how to
describe the integrated drivers and assumptions
is missing. Within the presented work, the lessons
learned in the process will be used to elaborate a
framework as guiding tool. The systemic catego-

rization of the drivers is done with the STEEPLE
method, while the driver description is broken
down to the specific influencing variables. These
variables itself, are integrate metric data such as
ranges of possible developments into the future,
conversion factors, number of scientific empirical
references, different future timestamps, strength
of impacts, timeliness of data etc. Based on the-
se qualitative and quantitative data, within cau-
sal-loop diagrams the interrelation between the
different analysed drivers is visualized and can be
used for supporting the scenario interpretation.

The work illustrates a first approach for such a
framework. Based on the combination of different
methods, the framework integrates qualitative and
quantitative scales of driver characteristics that
will support comprehensive, transparent scenario
generation and interpretation. This guidance tool
would not only support scenario generation, but
also interpretation and transferability, as it would
be clear to what extent assumptions are made.
Based on this description, scenario quality criteria
in the field of bioeconomy could be assessed and
scenario comparison as such could be supported.

7™ DOCTORAL COLLOQUIUM BIOENERGY AND BIOBASED PRODUCTS

DYNAMIC SCENARIO DRIVER FRAMEWORK FOR SYSTEMATIC FORMULATION OF BIOECONOMY SCENARIOS

7™ DOCTORAL COLLOQUIUM BIOENERGY AND BIOBASED PRODUCTS


https://www.dbfz.de/fileadmin/user_upload/Events/DOC/2024/poster/03_RichterS_DOC2024.pdf

MOHAMMAD SADR, HELMHOLTZ-CENTRE FOR ENVIRONMENTAL RESEARCH

Mohammad Sadr, Helmholtz-Centre for Environmental Research

Assessing the potential of negative emission technologies for
Germany’s netzero target: A techno-economic analysis of

forest-based solutions

Mohammad Sadr, Danial Esmaeili Aliabadi, Prof. Dr. Daniela Thran

Helmholtz Centre for Environmental Research - UFZ

Permoser Str. 15

04318 Leipzig

Phone: +49 (0)341 2434-588
E-Mail:

Keywords: Bioenergy system, Negative emissions, Forest-based, technoeconomic

Methane-producing bioelectrochemical systems
(CH,-BES) have become a promising technology

to capture and convert CO,. In a CH4-BES, met-
hanogens in cathode compartment metabolizes
cathode-derived electrons either directly or indi-
rectly via in-situ-produced molecular hydrogen.
Hydrogen evolution at cathode in a close proximity
to hydrogenotrophic methanogens mitigates H, low
solubility and mass transfer limitations. Furthermo-
re, external storage and transport of H, is avoided
as it is produced in-situ and at a rate sufficient

for microbial conversion. Most recent technoeco-
nomic analysis shows that high cost of electrode
material is a major drawback of CH,-BES and the
identification of cheaper material is essential for
the commercialization of this process. Biochar is
an attractive biocompatible, costeffective, environ-
mentally friendly, and electroconductive material,
produced from various biomass feedstocks via
reductive pyrolysis under anoxic atmosphere.

Pyrolysis process and the nature of wood affects
produced biochar in terms of porosity, surface
area, electrical conductivity, and degree of carbo-
nization, as well as the carbonaceous structure
which explains the electrochemical performance
of the material. Granular biochar, produced via
pyrolysis from beechwood at 740 °C (BEW740)
showed highest electrical conductivity (o); however,
samples are utterly incongruous in ¢. This study

unravels how physicochemical and electrochemi-
cal characteristics of BEW740 are influenced by
product’s heterogeneity. Cyclic voltammograms
revealed that some of BEW740 cathodes have lo-
west overpotential for hydrogen evolution reaction,
i.e., ~2.5 orders of magnitude less than granular
graphite-based cathode. The knowledge achieved
from this study will provide a scientific basis to
select and/or produce high-performance granular
biochar for applications in biocathodic reactions.
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The regulatory framework conditions, under which
biomethane could be traded in Germany, hugely af-
fect the dynamics of the biomethane markets such
that the markets are connected. This issue may cau-
se potential supply shifts within the markets due to
the market price differences. The GHG quota mar-
ket plays a crucial role in encouraging biomethane
suppliers to contribute more to the transport sector.
However, the quota price has shown a great deal

of fluctuations in recent years, which could influen-
ce the biomethane markets mechanism as well.

The aim of this research is to analyze the dyna-
mics of the future biomethane markets under
the imposed regulatory requirements and try
to develop an efficient market model in which
the interconnected biomethane markets are
optimally cleared and the added value of bio
methane in the different markets is identified.

A two-step optimization approach was adopted.
First, from plant operators’ perspective, the bio-
methane production cost was minimized via a
substrate mix optimization model. Second, the
whole interconnected biomethane markets were
modeled using a systematic optimization model.
Linear programming (LP) serves as the foundati-
on for both models. To determine the individual
market price, the merit-order approach was ad-
opted. Furthermore, through an in-depth sensiti-

vity analysis, the effects of the GHG quota price
on the markets dynamics were investigated.

Under the normative assumptions of the GHG quota
price of 250 €/ton and the aggregate biomethane
demand of 11 TWh, all biomethane markets are
optimally cleared while a significant aggregate
supply shift of 3.08 TWh is observed. Elevating the
quota price results in the higher allocation of small
biogas plants to the transport and EEG sectors.
Both externalities, the quota price and the aggrega-
te markets demand, affect the dynamic behavior of
the system. However, they neutralize each other’s
effects. At higher quota prices, a stronger supply
shift from M2-EEG to M1-GHG Q is observed. There-
fore, market actors should closely monitor policies
affecting the quota price, such as biofuel imports
from China or stricter GHG reduction targets in the
transport sector, and adopt appropriate strategies.

7™ DOCTORAL COLLOQUIUM BIOENERGY AND BIOBASED PRODUCTS

SYSTEM ANALYTICAL EVALUATION OF POST-EEG CONCEPTS FOR BIOGAS PLANTS IN FUTURE ENERGY MARKETS

7™ DOCTORAL COLLOQUIUM BIOENERGY AND BIOBASED PRODUCTS


https://www.dbfz.de/fileadmin/user_upload/Events/DOC/2024/poster/15_Rousta_DOC2024.pdf

Dirk Kirchner, University of Leipzig

DIRK KIRCHNER, UNIVERSITY OF LEIPZIG

Optimization of stand-alone hybrid Energy System (HRES) with
Biogas-Plant with flexible-demand driven biogas production

Dirk Kirchner

University Leipzig
Universitatsstr. 1

041009 Leipzig

Phone: +49 (0)176 62517515
E-Mail:

Keywords: HRES, demand driven biogas production, microgrid optimization

Stand-alone grids are often supplied by diesel

Engines with high emissions. With the use of HRES

with high renewable energy production content,
pollution can be minimized. In this energy system,
the use of a diesel engine is still necessary to
balance the fluctuating energy production of wind
and solar. With the use of biogas plants for balan-
cing, the use of diesel engines can be reduced.
Standard HRES with a biogas plant used a bio-
gas plant with continuous biogas production. For
the balanced of the fluctuated energy production
with this kind of biogas plant, a big biogas sto-
rage or a high demand of energy production of
diesel engine is necessary. The gas production
and the energy need by them are not in time. With
a biogas system with flexible demand-oriented
biogas production, the necessary biogas stora-

ge and use of diesel engines can be minimized
[1]. The biogas production can be controlled th-
rough a flexible controlled substrate feeding.

This study presents a method for the optimiza-
tion of the size of the components of the biogas
based HRES Energy system. The method based
on the mathematic modelling of the components
in Matlab. The biogas process is modelled with
the AM2 biogas model with acid inhibition and
hydrolysis kinetics by Arzate [2]. For optimizati-
on, PSO is employed. For the biomass substrate
are used gras and corn silage. The presented
standalone HRES consist of biogas plant, PV

plant, Lithium batteries and diesel generator.

The presented research show, that biogas plants
with demand driven biogas production in compari-
son with continuous biogas production can more re-
duce the energy production and pollution of diesel
generators. The achieved reduction in this study are
two percent. Also, the battery can be reduced about
18 % and the gas storage about 6 %. The LCOE are
by 0,27 €/kWh. The LCOE of the energy system can
decrease through the using of residual waste and
manure. Therefore, a LCOE lover than 0.18 €/kWh
are possible [3]. This are considered in future work.
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Managing energy resources in a decentralized and ket that facilitates the exchange of electricity bet-
renewable energy system is becoming increasingly ween buildings. This analysis is essential in determi-
challenging. This system is characterized by indi- ning the appropriate scale of decentralized energy
vidual prosumers who are primarily motivated by installations. It ensures a secure supply and mitiga-
self-interest, self-sufficiency, and profit. Prosumers tes grid constraints caused by excess capacities.
only engage with the energy grid when they requi-

re power or have surplus to offload. This behavior The approach was tested in a rural area of Saxo-
contributes to inefficiencies and elevated costs ny, Germany, using real demand data. A cellular
within the system. Consistency in prosumer be- structured multimodal energy system was used to
havior can result in excess energy during periods model the district consisting of up to 30 buildings.
of high renewable generation, which may require The study aimed to explore the feasibility of integ-
expensive mechanisms for use or curtailment. rating SBBS into a cellular structured energy grid
Conversely, it can lead to shortages during times to optimize decentralized energy systems at the

of limited renewable output. To address this imba- district level. This approach addresses the challen-
lance, significant investment in storage infrastruc- ges posed by individual consumer behavior while
ture, non-volatile energy generation assets, or a ensuring grid stability and security of supply.

fundamental restructuring of the energy framework
towards a more cooperative and communicative
distribution of renewable energy may be required.

This study analyzes the impact of solid biomass-ba-
sed hybrid systems (SBBS) on a multimodal, cellu-
lar-structured energy grid. The research employs an
iterative optimization approach that considers inves-
tment and operational considerations with mutual
interference. The algorithm combines a multi-agent
system with the adaptability of SBBS, providing
insights into the optimal configuration of decentra-
lized energy assets within district-level frameworks.
The model also incorporates a local electricity mar-
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Artificial Intelligence (Al), especially generative
Al (genAl), is currently a hot topic in public news
and also in academia. Leveraging genAl promises
unprecedented solutions to writer‘s block, code
co-piloting, and to many other challenges scien-
tists are struggling with. The actual challenge,
however, is to balance euphoric exploitation and
skeptical omission while adhering to good scien-
tific practice. One goal of the DBFZ's DatalLab is
to enable our researchers to harness the poten-
tial of genAl in a secure and decent manner.

This presentation outlines the deployment of a
modular and flexible genAl framework on-premise
for DBFZ, which is (for the most part) build on Open
Source and can, thus, be analogously be deplo-
yed at your institute. Besides hard- and software
aspects, the usage and handling of results are
discussed along with ethical aspects. The EU Al act
plays hereby a key role as it sets the operational
framework that grounds the use of Al in Europe.

It is possible and can be quite beneficial to make

use of genAl in academia. There are however pit-

falls and a likewise huge potential for abuse, that
it is up to our better judgement whether genAl will
be a blessing or a curse for scientific practice.
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The utilization of agricultural residues for biogas
production through anaerobic digestion represents
a promising possibility for renewable energy ge-
neration and waste valorization at the same time.
Nevertheless, a substantial quantity of organic
waste and residues remains unexploited due to
their high levels of lignocellulose exhibiting slow
anaerobic degradation rates. To enhance the
biodegradability of lignocellulosic materials and
effectively utilize agricultural waste, pretreatment
stands as a crucial component for ensuring the
economic viability of biogas plants. As part of the
+~FLEX-CRASH (2020-2024)“ research project, a
prototype ball mill for mechanical substrate pre-
treatment was being investigated. Mechanical
pretreatment primarily reduces particle size and
increases the particle surface area which makes
it easier for microorganisms to break down the
material. On the other hand, substrate pretreat-
ment can also lead to energy savings in pumping
and mixing operations or a reduction of process
related problems like floating layers in the digester.

The aim of the project is to show that agricul-
tural residues can also be suitable for flexible
biogas production through substrate manage-
ment and that these lower-quality substrates can
even compete with higher-quality energy crops
through mechanical substrate pretreatment.
Laboratory results from the Hohenheim biogas

yield test ( ) with pretreated
horse manure were already promising and could

be underpinned by trials in larger fermenter sys-
tems ( ) where landscape ma-
nagement grass was pretreated. In a long-term

trial at a practical scale plant one digester is fed
with an unprocessed substrate mix whereas the
other digester is fed with the same substrate mix
but pretreated by the ball mill. The feed mixture
consisted mainly of horse manure, cattle manure,
and straw. It was already demonstrated here that
methane yields were significantly higher (up to 30%
compared to the untreated variant) due to substrate
pretreatment, and process-related problems such
as floating layers could be avoided as a result.

In summary, it can be said that the use of agricul-
tural residues offers an enormous opportunity to
provide sustainable bioenergy. However, substra-
te pretreatment is necessary in order to be able

to utilize these residues in large quantities in a
biogas plant. Further advantages can result from
savings in substrate costs and more efficient and
faster conversion of organics into biogas. In addi-
tion, process interruptions such as blockages or
floating layers can also be reduced and savings in
stirring and pumping costs may also be achieved.
In addition, the flexibilization of a biogas plant with
agricultural residues via feed management can also
bring additional benefits for biogas plant operator.
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Flexible electricity generation from biogas plants
can be achieved by short-term enhancing biogas
production through feeding with easily degradable
substrates [1]. However, this approach carries the
risks of process disturbances, such as foam forma-
tion, which may have wide-ranging consequences.

This study focuses on the foam formation during
the anaerobic digestion (AD) of sugar beet (SB),

an interesting easily degradable substrate for a
flexible feeding regime. However, the AD of SB has
the drawback of its strong foam propensity. The
approach of this study was to analyze the compo-
nents of SB that have major impact on its foaming
tendency. Based on this analysis, (pre)treatments of
SB were examined to decrease its foaming intensity.
This study focused on two main components of

SB: saponins and pectins. Saponins are naturally
occurring surfactants associated with foaming
problems in the sugar refining process of SB and
pectins are known to enhance viscosity in mediums.

One commonly applied antifoaming treatment is
the application of different vegetable oils. How-
ever, biogas operators often apply vegetable oils
based on availability rather than their effective-
ness. For this reason, different vegetable oils
were compared for their defoaming effect. On the
other hand, the application of hydrolytic enzymes
was tested. This approach aims to degrade the

foam-causing components, leading less foaming.
Foam formation was analyzed through foaming
tests, where substrates and digestates are mi-
xed and incubated to determine the extent of
foaming. The tests are carried out at high OLR’s
to enhance the visibility of foaming behavior.
This method enables the examination of the
effects of SB-components on foam formati-

on and the effects of the (pre-)treatments.

Results of the foaming test were: First,

they revealed pectin as a significant con-

tributor to foaming during AD of SB, whi-

le saponins exhibit a negligible impact.

Moreover, the tested (pre-)treatments showed
significant decrease in foam formation. Differences
in vegetable oils were observed, with sunflower oil
being the most effective. The addition of hydrolytic
enzymes resulted in reduced foaming, albeit requi-
ring substrate pre-treatment. This research contri-
butes valuable insights to the challenge of foaming
in AD and supports ongoing efforts to enhance

the flexibility and efficiency of biogas production.
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Digestate treatment can reduce the costs of trans-
port, spreading, and storage by recovering the
water and processing the nutrients into fertili-

zer products. However, the treatment process

is costly and highly energy-intensive due to the
many steps required to purify a large amount of
digestate. Therefore, liquid digestate recirculation
(LDR) is being investigated as a more economical
and efficient method of digestate treatment. The
aim of this study is to enhance biogas production
by recirculating digestate into fermenters and to
simplify the digestate treatment process by de-
veloping a model that determines the LDR stra-
tegy based on process variables. To achieve this,
it is crucial to identify the substances that affect
the fermentation process and selectively promo-
te positive impacts while avoiding negative ones
through digestate treatment and recirculation.

Different recirculation scenarios, including full
and partial recirculation of the liquid fraction from
solid-liquid separation and further treatment, will
be tested in long-term fermentation experiments.
The productivity of biomethane will be analyzed
and correlated with process variables. Based on
the data obtained from the experiments, a model
will be established to determine a suitable dige-
state recirculation option depending on process
variables. In the final step, the model will be va-
lidated in the pilot-scale plant while maintaining

system stability. The appropriate digestate recir-
culation option, as determined by the model, will
be tested in the pilot plant and the results will
be compared with the expected outcomes and
the model will be adapted accordingly. Finally, a
model for the LDR strategy will be developed.

The fermentation experiments are still in the early
stages and have not yet reached steady-state.
Currently, literature review and initial modeling

are being conducted. The first digestate recircula-
tion experiments will begin once the fermentation
process has stabilized. The results, including biogas
and methane production, as well as the results

of the component analysis, and the initial model
attempt, will be presented at the colloquium.

This publication was carried out on behalf of
the Federal Ministry for Digital and Transport
under file number G26/3552.1. The sole res-
ponsibility for the content lies with the author.

7™ DOCTORAL COLLOQUIUM BIOENERGY AND BIOBASED PRODUCTS

INVESTIGATION AND MODELING OF THE INFLUENCE OF PARTIALLY TREATED DIGESTATE RECIRCULATION

7™ DOCTORAL COLLOQUIUM BIOENERGY AND BIOBASED PRODUCTS


https://www.dbfz.de/fileadmin/user_upload/Events/DOC/2024/poster/11_Yuan_DOC2024.pdf

LEANDER LERCH, DEUTSCHES BIOMASSEFORSCHUNGSZENTRUM

Leander Lerch, Deutsches Biomasseforschungszentrum

Multirate State Estimation and Parameter Identification of

Agricultural Biogas Plants

Leander Lerch?, Simon Hellmann?, Terrance Wilms?, Steffi Knorn?, Stefan Streif?, Prof. Dr. S6ren Weinrich®
DBFZ Deutsches Biomasseforschungszentrum gemeinnutzige GmbH

Torgauer Str. 116

04347 Leipzig

Phone: 0178/8044682

E-Mail:

1Technische Universitat Berlin, Berlin, Germany

2 Chemnitz University of Technology, Chemnitz, Germany
3 Mnster University of Applied Sciences, Miinster, Germany

Keywords: Parameter identification, state estimation, anerobic digestion, ADM1

Demand-oriented control of agricultural biogas
plants is essential for a renewable electricity grid,
and relies on model-based online monitoring.
Weinrich and Nelles have proposed systematic
simplifications of the established Anaerobic Dige-
stion Model No. 1 (ADM1) [1]. The simplified AD
model investigated in this study is the ADM1-R3
model, which is applied to measurement data
from DBFZ, using state of the art methods of
parameter identification and state estimation.

Based on the recommendation from Villaver-

de et al. [2] the following methods are used for
the parameter identification (PI): 1. Maximum
Likelihood Estimation - the model errors are
weighted by the measurement uncertainty. 2.
Logarithmized parameters - transformation on
the parameter search space to increase numeri-
cal stability. 3. Enhanced scatter search - a me-
taheuristic for global optimization. 4. Gradient
evaluation - gradients are calculated with adjoint
and direct sensitivities to improve convergence.

Optimized model parameters enable reliable state
estimation. The challenge is to include both online
data from sensors and offline data from lab analy-
ses, which entails a significant delay that is unknow
a-priori. For this task a multirate extended Kalman
filter (MR-EKF) is being investigated [3]. The current
Pl leads to good results, and thereby validates the

implementation (see Figure 1). The next step is to
use the framework for large-scale simulations in
order to find cross-validated parameter sets. With
the parameter sets the MR-EKF will be tested on
available data and the influence of delays of mea-
surements will be investigated. The overall goal is to
use the MR-EKF and an MPC controller to operate

a lab-scale digester at optimized feeding regimes.

References:
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Models such as the ADM1 and Recurrent Neural
Networks (RNNs) are often used for modelling
the Anaerobic Digestion (AD) process, but they
require high measurement frequency for several
input parameters for successful process model-
ling. While the measurement of Volatile Fatty
Acids (VFAs) is crucial for an accurate prediction
of the AD process especially at high OLRs, VFAs
are rarely measured due to high costs. Usually,
missing data is imputed with simple methods,
providing inexact values that do not allow models
to perform well. Thus, more advanced imputation
methods could improve results for all currently
applied models. Generative Adversarial Networks
(GANs) show potential due to their ability to gene-
rate realistic output values (images) from the input
data (prompts). This study evaluates the usage of
GANSs as soft sensors for imputing missing values
of time series of VFAs digestate’s concentration.

Generative adversarial networks (GANs) consist of
an NN attempting to generate realistic data (gene-
rator), and another NN attempting to distinguish
implausible data from real data (discriminator). For
generating images with a specific content, Condi-
tional-GANs are applied, which accept additional
label input. Context-Conditional GANs (CC-GANSs),
instead, get such labels directly from the context of
the input data. When applied to VFAs time series,
the generator of the CC-GAN can learn to generate

realistic VFAs values at each timestep, considering
other features that were measured at the same
time. VFAs were modelled within a 165 days ex-
periment carried on in a 188 m?® biogas reactor
fed with cow manure and several solid substra-
tes, with a maximum OLR of 9 kg VS m-3 d-1.

Since CC-GANs are a framework rather than

a specific NN, several types of configurations
were tested. Results show that simple multi-lay-
er perceptrons applied to generator and discri-
minator are already able to provide plausible
values, while Convolutional Neural Networks
(CNNSs) do not converge due to their complexity.
This study demonstrates the possible usage of
GANSs as soft sensor in the AD process, more
specifically for imputing VFAs values. GANs can
support AD models when simulating typical pro-
cess parameters. The usage of a time dimension
applying long short-term memory NNs might further
increase performances and model reliability.
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Methane-producing bioelectrochemical systems
(CH,-BES) have become a promising technology

to capture and convert CO,,. In a CH,-BES, met-
hanogens in cathode compartment metabolizes
cathode-derived electrons either directly or indi-
rectly via in-situ-produced molecular hydrogen.
Hydrogen evolution at cathode in a close proximity
to hydrogenotrophic methanogens mitigates H, low
solubility and mass transfer limitations. Furthermo-
re, external storage and transport of H, is avoided
as it is produced in-situ and at a rate sufficient

for microbial conversion. Most recent technoeco-
nomic analysis shows that high cost of electrode
material is a major drawback of CH,-BES and the
identification of cheaper material is essential for
the commercialization of this process. Biochar is
an attractive biocompatible, costeffective, environ-
mentally friendly, and electroconductive material,
produced from various biomass feedstocks via
reductive pyrolysis under anoxic atmosphere.

Pyrolysis process and the nature of wood affects
produced biochar in terms of porosity, surface
area, electrical conductivity, and degree of carbo-
nization, as well as the carbonaceous structure
which explains the electrochemical performance
of the material. Granular biochar, produced via
pyrolysis from beechwood at 740°C (BEW740)
showed highest electrical conductivity (o); ho-
wever, samples are utterly incongruous in o.

This study unravels how physicochemical and
electrochemical characteristics of BEW740 are
influenced by product’s heterogeneity. Cyclic voltam-
mograms revealed that some of BEW740 cathodes
have lowest overpotential for hydrogen evolution re-
action, i.e., ~2.5 orders of magnitude less than gra-
nular graphite-based cathode. The knowledge achie-
ved from this study will provide a scientific basis to
select and/or produce high-performance granular
biochar for applications in biocathodic reactions.

7™ DOCTORAL COLLOQUIUM BIOENERGY AND BIOBASED PRODUCTS

CONSEQUENCES OF COMMERCIAL BIOCHAR HETEROGENEITY ON ITS APPLICATION AS CATHODE

7™ DOCTORAL COLLOQUIUM BIOENERGY AND BIOBASED PRODUCTS


https://www.dbfz.de/fileadmin/user_upload/Events/DOC/2024/poster/14_Pouresmaeil_DOC2024.pdf

Djangbadjoa Gbiete, University of Rostock

DJANGBADJOA GBIETE, UNIVERSITY OF ROSTOCK

Enhancing Biohydrogen Production through Dark Fermentation of
Food Waste: A Review of Substrates, Inoculums, and Pretreatment

Strategies

Djangbadjoa Gbiete, Prof. Dr. Satyanarayana Narra, Qahtan Thabit
University of Rostock, Faculty of Agricultural and Environmental Sciences

Justus-von-Liebig-Weg 6
18059 Rostock

Phone: 0152/57863462
E-Mail:

Keywords: Dark Fermentation; Biohydrogen; Food waste; Inoculum; Pre-treatment

The increasing population and economic growth
result in heavy demand for energy amid climate
change while waste generation and management
become a complex equation. In the context of
circular economy, waste management through
bioenergy generation is gaining more interest
leading to extensive research on waste biocon-
version methods and strategies. Green hydrogen,
considered a main future renewable energy supply
can be also generated from food waste and food
processing waste using dark fermentation. Dark
fermentative hydrogen production from food waste
and food processing waste as well as from orga-
nic residues at large is influenced by the pretre-
atment of the feedstock and the inoculum used

in the process. This paper critically reviews food
waste and food processing waste sources, their
physical and chemical compositions, and their
pretreatment methods as well as strategies for
optimizing dark fermentative hydrogen production.

In this paper, the different inoculum types and
innovations regarding the pre-treatment and en-
richment applications of inoculums for dark fer-

mentative hydrogen production are also highlighted

and discussed critically. The literature discussed
that food waste and food processing waste have

complex physical and chemical compositions which

include dark fermentation inhibitors. The main

strategies employed across the literature to pre-tre-

at food waste and food processing waste included
thermal, chemical, thermochemical, ultrasound,
enzymatic, bacterial, and physical pre-treatments.
Some of the pre-treatment methods showed a
positive impact on hydrogen production while the
other methods resulted in a detrimental effect

on hydrogen productivity. The reviewed scientific
reports depicted that inoculums for dark fermen-
tation of food waste and food processing waste
were mostly sourced from anaerobic digestion
plants, animal manure, wastewater treatment
plants, river sludge, soil, compost material, etc.

The inoculums were mostly treated using heat
and were enriched through acclimatization and
cultural strategies. Ineffective inoculum treat-
ment and handling strategies resulted in hydrogen
consumption by H, consumers in the dark fer-
mentation process. More sustainable and specific
pre-treatment methods that consider food waste
and food processing waste characteristics as well
as the nature of the inoculum need to be rese-
arched in depth to prevent inhibitions and ineffi-
ciencies during the dark fermentation process.
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In agriculture, managing waste, such as green
waste, crop residues, and farm manure, is a
significant challenge. Given the unique cha-
racteristics of various organic wastes, this stu-
dy highlights the importance of exploring the
combination of different substrates to evaluate
their potential as a sustainable feedstock.

Recent trends have included bio-based materials
like coconut fibers, sugarcane, and others, aligning
with circular economy principles. However, residu-
es such as the solid fraction of pig manure could
offer additional benefits, due to the nutrient con-
tent, which may enhance plant growth. This study
focuses on assessing the potential for plant pot
production using the solid fraction of pig manure
and wood chips, including the necessary pretreat-

ment for material sanitization and odor elimination.

Initially, a characterization of the solid fraction of
pig manure was conducted. The results revealed
high levels of hemicellulose and lignin, at 16.5
% and 27.2 % respectively. In contrast, the cel-
lulose content was relatively low, at only 2.8 %.
To address this, incorporating another agricul-
tural residue with a higher cellulose content,
such as wood chips, which literature reports to
contain about 32 % [1], could create a mixture
that enhances the structure of biobased pots.

The material must undergo pretreatment to
ensure sanitization. Additionally, different con-
centrations of citric acid were tested to control
odors effectively. Various combinations of the two
materials were tested to determine the optimal
structure and composition for the plant pots.

This research could contribute to the utilization of
a material that has so far been overlooked due to
its odorous properties. Not only does this approach
offer a solution for the management of agricul-
tural waste, but the use of these bio-based pots
could indicate a potential for the gradual release
of fertilizers into the soil, presenting a possibility
aligned with the principles of the circular economy.

References:
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Depending on the recycling process, the bio-
waste treatment plants consist of fermentati-
on 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 composting 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 [1]. 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 [1]. 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 preven-
ted from a resource protection perspective [3].

What options What options are there for reducing
greenhouse gas emissions from rotting processes?
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 twelve
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
purpose, a wind tunnel with the largest possible
surface area was installed on the emission-acti-
ve surface of the rotting material and flowed th-
rough with a defined volume flow. This results in
a volume-specific emission factor that is related
to the volume under the wind tunnel in order to
obtain comparable data [2]. The highest green-
house gas emissions in the rotting process were
produced by the discontinuous dry fermentation
plants (mean value = 250 kg CO,/Mg-WM).

An active aeration as an operational parameter
by pressurized ventilation at the bottom of the
compost heap showed the largest influence on
the GHG emission situation during the compos-
ting process. For some parameter variations, no
conclusive trends can yet be identified and there
is still a need for further research in this area.
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The replacement of peat with more sustainable
biomass alternative is a valuable action for climate
protection, since peatlands are the most important
natural carbon sink. On that account, the German
government aims to eliminate the use of peat in
hobby-gardening on a voluntary basis by 2026.
Addressing this target, it is important to understand
consumer behavior and decision-making when
they purchase potting soils at the point of sale. To
that end, we conducted a mixed-method study to
investigate the purchasing behavior of 309 par-
ticipants in a simulated purchasing environment

in Germany. We captured consumer behavior at
the simulated point of sale, using eye-tracking,
followed by a qualitative exit interview and a quan-
titative survey using a questionnaire. Theoretically,
our study is based on an approach that combines
visual attention theory and cue utilization theory.

Our preliminary findings indicate that consumers
pass through different behavioral stages when
evaluating potting soils at the point of sale. Initially,
they get a quick overview of the products and the
surrounding environment, followed by a phase of a
more detailed investigation of individual products.
Although our findings indicate a correlation bet-
ween consumers’ stated importance of individual
attributes and their perception of those attributes
on the selected product, we also observe a discre-
pancy between consumers’ stated importance

and perception of certain product attributes and
their actual visual inspection behavior with res-
pect to packaging information. While participants
may consider certain product attributes, such as
application instructions, to be important, this may
not always translate into action, like turning the
packaging over or scanning QR codes. Variances
in viewing frequency and intensity are also evident
based on different cue types, such as price versus
graphical. Our study provides valuable insights

for marketers and policy makers on consumers'
decision-making behavior regarding substrates

at the point of sale. We show that not only the
information content, such as peat-related details,
but also the presentation on the packaging plays
a decisive role in attracting consumers’ attenti-

on and influencing their purchase decisions.

7™ DOCTORAL COLLOQUIUM BIOENERGY AND BIOBASED PRODUCTS

THE INTERPLAY OF DIFFERENT FACTORS IN CONSUMER DECISION MAKING ON POTTING SOILS

7™ DOCTORAL COLLOQUIUM BIOENERGY AND BIOBASED PRODUCTS


https://www.dbfz.de/fileadmin/user_upload/Events/DOC/2024/poster/19_Braun_DOC2024.pdf

BEIKE SUMFLETH, DEUTSCHES BIOMASSEFORSCHUNGSZENTRUM

Beike Sumfleth, Deutsches Biomasseforschungszentrum

Bridging Gaps in Sustainability Certification of Low-ILUC-Risk
Biomass - A Decision Support Scheme

Beike Sumfleth, Stefan Majer, Prof. Dr. Daniela Thran

DBFZ Deutsches Biomasseforschungszentrum gemeinnutzige GmbH

Torgauer Str. 116

04347 Leipzig

Phone: +49 (0)341 2434-575
E-Mail:

Keywords: Additionality, certification, low ILUC-risk, trade-off, assessment

Indirect land use change (ILUC) is considered a
significant challenge for the sustainable production
of biomass and bioenergy. In theory, sustainabi-
lity certification of biofuels has the potential to
support the management of this risk effectively.
However, expanding biofuel certification schemes
towards a credible and reliable approach to ac-
count for ILUC-risks is still an open challenge. As
recently reviewed, low-ILUC-risk biomass production
could be based on the use of so-called additio-
nality practices. While this approach potentially
reduces the risk for ILUC, potential trade-offs may
arise from the use of such practices. As recently
found, some of these trade-offs are addressed

by biofuel certification schemes, while gaps in
the schemes have been identified for others. The
question remains whether the identified criteria
and indicators (C&l) of the schemes that consi-
der a particular trade-off are based on scientific
evidence; and whether and how the identified
gaps can be assessed in certification practice.

The aim of the study is to develop a decision
support scheme to bridge gaps in the sustain-
ability certification of low-ILUC-risk biomass.

First, based on a systematic literature review, we
present an inventory of assessment approaches
that are potentially suitable for the certification of a
selection of trade-offs. Secondly, these approaches

are evaluated on the basis of defined evaluation
criteria to verify whether the identified assessment
approaches are conceptually sound and applicable
in certification practice. Finally, existing certification
instruments that consider the trade-offs are com-
pared with the evaluated assessment approaches.
To illustrate how the decision support scheme
works, we present the benefits and challenges for
certification schemes through the examples of bio-
diversity loss and water pollution. Additionally, we
show how the decision support scheme contributes
to the improvement of existing certification C&l.
With this study, we contribute to the need for
implementing additionality practices in low-ILUC
certification approaches without compromising
sustainability by identifying trade-offs as required by
the EU low-ILUC legislation for sustainable biofuels.

Furthermore, the presented decision support
scheme could assist voluntary certification
schemes in their decision to revise existing
and include new certification instruments

to assess the respective trade-offs.
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Straw is one of the most important biogenic by-pro-
duct, residue and waste in Germany and Europe in
terms of its technical potential. Logistics costs play
an important role in the economic analysis of straw
valorisation options. These logistical costs of straw
depend on the design of the supply chain and the
machinery used. Therefore, it is necessary to com-
pare the different options in order to design an effi-
cient logistics chain. The main purpose of this con-
tribution is to analyse the economics of the main
logistics processes, namely transport, handling.

As part of my PhD, | have already developed a
model that determines the farmside supply costs
for straw from the farmer‘s perspective. The next
step is to analyse the logistics costs from the
farmer to the biomass conversion plant. A data
collection will be created that includes the costs
of the individual process steps for different com-
binations of machines. These include, for examp-
le, trucks vs. tractors as haulers, as well as front
loaders vs. telescopic handlers. The cost data is
dependent on distance and mass. This allows each
technology option to be compared. Subsequent-
ly, pre-defined supply chains can be employed

to ascertain which of these chains is the most
costeffective for given machines and distances.

The first preliminary results of the model indicate
that, under the current assumptions, truck trans-

port is more favourable than tractor transport. This
economic advantage increases with distance.
However, these results are strongly dependent on
the assumptions made regarding, for example,
investment costs, residual values, annual working
hours and the loading capacities of the machines
used. Consequently, the assumptions still need to
be validated in order to generate reliable results.

In the longer term, these calculations will be used
to map cost-supply curves together with regional
straw potentials determined by the DBFZ and taking
into account the available road network. This will
enable the determination of the quantity of straw
that can be made available in a defined radius with
a specific supply chain and at what cost. Finally,
hotspots for the supply of straw can be identified.

In the longer term, these calculations will be used
to map cost-supply curves together with regional
straw potentials determined by the DBFZ and taking
into account the available road network. This will
enable the determination of the quantity of straw
that can be made available in a defined radius with
a specific supply chain and at what cost. Finally,
hotspots for the supply of straw can be identified.

7™ DOCTORAL COLLOQUIUM BIOENERGY AND BIOBASED PRODUCTS

ECONOMIC EVALUATION OF THE STRAW SUPPLY CHAIN

7™ DOCTORAL COLLOQUIUM BIOENERGY AND BIOBASED PRODUCTS


https://www.dbfz.de/fileadmin/user_upload/Events/DOC/2024/poster/21_Karras_DOC2024.pdf

Elena Ferro, Universita di Bologna

ELENA FERRO, UNIVERSITA DI BOLOGNA

Enhancing Biomass Feedstocks for Sustainable Aviation Biofuel

Production through Biostimulant

Elena Ferro, Walter Zegada Lizarazu, Andrea Parenti, Elia Pagliarini, Francesca Gaggia, Andrea Monti

DISTAL, Alma Mater Studiorium
Universita di Bologna

Via Zamboni, 33

40126 Bologna BO, Iltaly
E-Mail:

Keywords: Biomass feedstocks, sustainable aviation fuel, biostimulant

The global push to reduce greenhouse gas emis-
sion has made the production of renewable fuels
as a critical component of sustainable strategies.
The ReFuelEU Aviation Regulation aims to increa-
se the utilization of Sustainable Aviation Fuels
(SAF) from 2 % in 2025 to 70 % by 2050. Accor-
ding with this objective, the Euro-pean project
ICARUS (International cooperation for sustainable
aviation biofuels) aims to increase the sustain-
able production of aviation fuels. Consequently,
novel concepts in biomass production, such as
se-quential cropping and mixed cropping, are
being explored to ensure a greater availability

of sustainable bio-mass for SAF production.

A preliminary test has been conducted in the
growth chamber at the University of Bologna

to evaluate the interaction between 4 different
crops and a PGPR (Bacillus sp. VWC18), isolated
from vegetable compost in April 2018, with the
aim to maximize biomass production for aviati-
on fuel. The growth chamber was maintai-ned

at a minimum temperature of 16 °C, maximum
temperature of 28°C, with a relative humidity of
60 % and 14 hours of light. For the experiment
4 crops (Sorghum, Pearl Millet, Sunn Hemp and
Carinata) were chosen, alongside three treatments
(PGPR levels) and three replicates for each tre-
atment, totaling 36 pots. The three levels were:
TO - control (without PGPR), T1 - seed coating,
T2 - repeated application through irrigation.

In a previous study (Pagliarini E. et al., 2023), the
effect of Bacillus sp. VWC18 was examined under
green-house conditions on lettuce (Lactuca sativa
L.) and basil (Ocinum basilicum L.). Both the experi-
ments affirmed that inoculating the substrate with
Bacillus sp. VWC18 stimulated plant growth and
mineral uptake. Root weight doubled or tripled com-
pared to control plants, and chlorophyll concentrati-
on increase even further (in a dose-dependendent
manner). The visual findings obtained so far appear
to be promising, highlighting a differential respon-
se to the treatment among the various industrial
crops aimed at bioenergy production. The results

of the ongoing study are currently under analysis.
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work
There are ecological and economic interests in feasible to substitute 10 % of the daily corn sila-
identifying new sources of biomass and develo- ge input with biomass from water maintenance.
ping innovative utilization and recycling concepts. Utilization of biomass from water main-
In accordance with the principles of the circular tenance for nutrient recovery.
economy, there is a demand not to concentrate
material loads in the system, but to utilize and The fraction of the biomass that does not ap-
thus distribute them. In the context of the energy pear suitable for biogas conversion is used di-
crisis, competition for land and the current state rectly for the production of organic fertilizers.
and ecological potential of our water bodies, eco- In a technically optimized composting process,
nomically and ecologically orientated water ma- it is possible to collect the leachate that esca-
nagement is a basic prerequisite. The approach pes from the biomass and use it in plant culti-
of harvesting highly productive, freely available vation as a supplement to the soil produced.
biomass from water maintenance and utilizing it
for material and energy recovery can therefore The evaluation of the experiments and field
serve as a model for sustainable water manage- trials showed that the biomass acquired from
ment and a sustainable material flow economy. water maintenance can be integrated into ag-
ricultural production processes using various
Substrate acquisition concept and treatment methods and can be completely and economi-
In order to prevent contaminants and other im- cally utilized for both material and energy reco-
purities (sand, etc.) from entering the substrate very. Own experiments and field trials supported
during water maintenance, the measures are by current research and relevant literature.

adapted as appropriate. To ensure adequate
further processing, the material is pre-cut to a
particle size of 10-15 cm when it is picked up in
the baling press. Utilization of biomass from wa-
ter maintenance for the production of biogas

On the basis of the quantities determined to be

available each year, and in view of the existing
capacities of agricultural biogas plants, it seems
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Microalgae are photosynthetic organisms conver-
ting solar energy and CO, into valuable biomass.
In contrast to higher plants, they can be cultivated
in spaces not relevant for agricultural intense.
Further advantages such as the ability to accu-
mulate high lipid levels have made microalgae

an interesting option for biofuel production.
However, further development and final commer-
cialisation is hindered by high costs and low pro-
ductivity. Improved cultivation strategies are there-
fore requested in current research. Promising are
combinatorial approaches as for example simulta-
neous usage or rather treatment of wastewaters.
In this doctoral thesis, microalgae were culti-
vated in paper industry wastewater and subse-
quently submitted to a lipid production phase.
Important research questions concerned 1) the
reusability of residues in this wastewater type

for microalgae growth and 2) finding new stra-
tegies to optimize the overall productivity.

Microalgae (Scenedesmus acuminatus) were
cultivated in a purpose-made photobioreac-

tor with membrane CO,-aeration and appro-
priate illumination. Lipid production was in-
vestigated first by exposing the cultures to

several stress conditions, which is known to
effectively enhance product accumulation.
Secondly, microalgae were incubated 16 days in a
wastewater sample of a paper mill supplemented

with nutrients. The cultivation was separated in two
phases: Phase 1 took place under optimal condi-
tions. In phase 2, microalgae were submitted to
the previously selected stress condition. Biomass
yield and lipid production were monitored as well
as uptake of sulphate residues in the wastewater.

Among the examined stress conditions, sulphate
starvation was most effective to stimulate lipid ge-
neration and chosen for the following experiments.
Microalgae growth in wastewater was successful
with a final biomass yield of 18 g/L, which is in fact
higher than reported literature. Sulphate residues
from the wastewater were completely consumed

in nine days, after which the metabolism switched
to phase 2. Lipid production was raised ~7fold,
verifying the suitability of the stress condition.

In order to estimate the process feasibility, expe-
riments are now scaled up to 6-liter-bioreactors.
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The increasing global energy demand combined
with the growing global population requires tech-
nology to sustainably provide energy. Arguably the
most established scheme to convert wet waste
biomass to energy is anaerobic digestion (AD) to
produce biogas. One of the process’s main chal-
lenges is the side product, commonly termed
digestate, which still contains vast amounts of
energy and carbon, around 50 % of the original
biomass. State-of-the-art utilisation is the applica-
tion to agricultural land, yet the amount which can
be brought out to the fields is limited by law due to
overfertilization and GHG emissions. This leads to
storing and transportation, oftentimes rendering
the process uneconomical. Innovative treatment
methods are required to overcome these obstacles
and improve both energy extraction and nutrient
recycling while minimizing environmental impact.

Hydrothermal liquefaction (HTL) can be used as an
alternative technology to treat and valorise dige-
state. At near-critical conditions (647 K, 22 MPa),
biomass decomposes and recombines to form an
energy-dense biocrude, an aqueous phase (AP)

rich in small organic molecules and a nutrient- and
carbon-rich hydrochar. This study compares the HTL
behaviour by means of mass- and energy balan-
ces of three digestates: A digested sewage sludge,
straw/manure digestate and digested biogenic was-

te as well as their respective undigested feedstocks.

Generally, higher biocrude yield and thus energy
recovery is found when using the undigested bio-
mass, yet the overall energy recovery is higher when
using the digestate, highlighting synergies of the
two processes. High nutrient recovery in the solid
residue suggests its utilisation as a carbon sink and
soil amender. The experimental data was used to in-
form a process model using Aspen Plus ® software
and a sensitivity analysis with regards to mass flow,
input total solids (TS) and processing temperature
was performed. Based on the equipment dimen-
sioning, factorial methods were used to estimate
CAPEX and OPEX of the two biorefining schemes

1) AD + HTL and 2) HTL plant to produce biocrude
as the main energy product. The results highlight
different paths for the investigated scenarios.

This presentation comparatively investigates the
hydrothermal process for the utilisation of digestate
and waste biomass. This process can help solve

a disposal problem that is particularly urgent in
regions with intensive livestock farming and at the
same time create a renewable fuel, i.e., the bio-
crude. A process model is developed on the basis
of experimental results and used to techno-eco-
nomically assess the process and highlight, which
added-value process is suitable and economical
for which biomass. The economic efficiency of
anaerobic fermentation can be increased with HTL.

7™ DOCTORAL COLLOQUIUM BIOENERGY AND BIOBASED PRODUCTS

TECHNO-ECONOMIC ASSESSMENT OF A BIOREFINERY CONCEPT CONSISTING OF AD AND HTL

7™ DOCTORAL COLLOQUIUM BIOENERGY AND BIOBASED PRODUCTS


https://www.dbfz.de/fileadmin/user_upload/Events/DOC/2024/poster/29_Kluepfel_DOC2024.pdf

Tommy Ender, University of Rostock

TOMMY ENDER, UNIVERSITY OF ROSTOCK

Characterization and anaerobic treatment of process water from
hydrothermally carbonized sewage sludge

Tommy Ender, Vicky Shettigondahalli Ekanthalu, Jan Sprafke, Prof. Dr. Michael Nelles?
University of Rostock, Faculty of Agricultural and Environmental Sciences,

Department of Waste and Resource Management
Justus-von-Liebig-Weg 6

18059 Rostock

Phone: +49 (0) 381 498-3417

E-Mail:

1DBFZ Deutsches Biomasseforschungszentrum gemeinn(tzige GmbH

Keywords: HTC, process water, anaerobic treatment

The growing demand for sustainable energy sour-
ces and effective waste management has driven
interest in hydrothermal carbonization (HTC) as a
method for processing wet biomass, such as se-
wage sludge, into valuable byproducts like hydro-
char. Hydrothermal carbonization has developed
considerably over the last 15 years and offers a
viable alternative for the utilization of municipal and
industrial organic waste such as sewage sludge.
The process takes place in an agueous environ-
ment without the need for pre-drying sewage sludge
and thereby facilitating direct processing. Howe-
ver, the aqueous fraction generated during HTC,
known as process water, poses challenges due

to its high organic content and chemical oxygen
demand. This study explores the potential of inte-
grating HTC and anaerobic digestion (AD) to not
only treat the process water by remove the organic
pollution in the form of methane-rich biogas but
also to assess nutrient recovery from the digestate.

Municipal sewage sludge from a WWTP in Meck-
lenburg Western Pomerania, Germany was hydro-
thermally treated in a 42 L batch reactor located
in Stralsund (Germany). 10 kg of sewage sludge
was fed into the reactor with 6 kg of water and
treated at three reaction temperatures (180 °C,
200 °C and 220 °C), each with a holding time
of 60 min. After completion and cooling, the HTC
slurry produced was mechanically dewatered

using a Buchner funnel. This produced approx.
11-12 kg of HTC process water per batch. The
process water obtained was transferred to the
Technical Scale Lab for Waste and Bioenergy at
the University of Rostock, where it was stored in
portions in 10 L barrels in a cooling cell at 7 °C.

The process water from each condition was then
used as feedstock for AD, with methane production
monitored over time to determine its methanogenic
potential. By comparing the methane yields across
the different HTC conditions, this study aims to
identify the optimal temperature for maximizing
energy recovery during AD. Additionally, the nutrient
content in the resulting digestate was analyzed to
evaluate the potential for nutrient recovery and reu-
se in agricultural applications. This aspect contribu-
tes to the broader goals of circular economy by pro-
moting resource recovery from waste streams. The
findings indicate that the HTC temperature signifi-
cantly impacts the composition of the process water
and, consequently, the efficiency of methane pro-
duction during AD. Nutrient analysis of the digestate
also provides insights into the potential recycling of
valuable elements like nitrogen and phosphorus.
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Mineral phosphorus (P) and nitrogen (N) fer-
tilizers are used in agriculture to ensure food
safety in Germany. Nowadays, P fertilizer is
mainly extracted from phosphate rock, a fi-
nite and fossil resource with China, Morocco
and Western Sahara as the main exporters.

The aim of the project is to optimize the NuTriSep
process of the company Geltz Umwelttechnolo-
gie for the recovery of mineral P and N fertilizer
from digestate. Nowadays, large quantities of
sulphuric acid and sodium hydroxide solution
are used in the NuTriSep process to dissolve
the phosphate compounds, separation from or-
ganic particles and precipitation. As part of the
NitroPhos 2 project, the sulphuric acid required
for acidification will be replaced by CO, from a
biogas scrubber. Phosphorus in the liquid phase
can be recovered in a subsequent step in mine-
ral fertilizer quality. It is therefore important to
dissolve as much of the phosphorus bound to
particles as possible by lowering the pH value.

Acidification with CO, takes place in pressure-sta-
ble reactors (500 ml). This allows the digestate
to be acidified in a CO, atmosphere at different
pressures. CO,-acidification is conducted at 5
bar with 100 % CO, atmosphere for 30 min. Dif-
ferent dilutions with liquid digestate and distilled
water have been acidified. After acidification,

the pressure was released and the sample was
prepared for centrifugation (3500 rpm, 5 min)
within 10 min after pressure release. After cen-
trifugation, the phosphorus content was measu-
red both in the supernatant and in the pellet.

By acidifying liquid digestate with CO,, the pH
value can be lowered from around pH 8 to pH 6.
Preliminary tests have shown that the pH value
is stable after 30 minutes of acidification. Mo-
reover, it can be observed that the phosphorus
content of the solid phase is considerably lower
after CO_-acidification compared to the control.
At the same time, the phosphorus content of the
liquid phase increases as a result of CO_-acidifi-
cation compared to the control. From the results
obtained, it can be concluded that lowering the
pH value with CO, to pH 6 causes phosphates to
dissolve and pass into the liquid phase. Phospha-
tes that are present in the liquid phase in dis-
solved form and can be separated from organic
particles and recovered as pure phosphate salts.
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Hydrothermal Liquefaction (HTL) is a thermo-
chemical processing technology that has been
receiving increased interest for converting bio-
mass into an organic phase, which can be further
upgraded to fuels. However, treating the aqueous
byproduct is necessary for further commerciali-
zation of this technology. A potential treatment
method for HTL aqueous phase (AP) is subcri-
tical non-catalytic Wet Oxidation (WO). Organic
compounds are oxidized in the presence of O,

to CO,, H,0, and small components (e. g. volati-
le fatty acids (VFA)) in an exothermic reaction.

The present study focuses on HTL-AP derived
from a 50/50 % mixture of straw and cattle ma-
nure feedstock. The investigated WO process is
conducted in a continuous flow reactor. The main
goal is to evaluate the oxidation efficiency and
heat generation to optimize process conditions.
Furthermore, the production of high-value VFA
and ammonium (NH,+) in high concentration is
favored to create upstream recovery possibilities.

The WO runs were carried out at temperatu-

res and residence times similar to HTL process
(350°C, 11-43 min). Air was used as O, source
in an equivalent of 0.5-2 times of Chemical Oxy-
gen Demand (COD). In follow-up experiments, a
35 % hydrogen peroxide solution will be used to
simulate pure O, as an alternative to air. Special

attention is paid to temperature profiles of the
reactor to observe energy released during WO.

Preliminary results show an increasing COD re-
moval rate up to 84.5 % for a residence time

of 45 min and stoichiometric air equivalent.
Further increase in air equivalents did not re-
sult in any changes. Furthermore, the relative
increase in VFA content of TOC up to 77.8 % and
NH,+ content of TN up to 80.0 % at 23 min is
observed. Evaluating the results will give rise to
determine optimal process conditions to treat
the highly contaminated HTL-AP while creating
possibilities to recover heat and value-added
chemicals in an integrated HTL-WO system.
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Alongside particulate emissions and airborne
hydrocarbons, nitrogen oxides (NO ) are the most
problematic group of pollutants in the thermal
conversion of biomass. Due to the increasing
material use of wood, non-woody biomass has

to be utilized for energy production. Non-woody
biomasses have an increased nitrogen content
with correspondingly higher NO,_emissions during
combustion. Existing reduction measures for NO_
do not have the technical and economic potential

for an application in decentralized bioenergy plants.

The aim of the PhD is to find a suitable low-tem-
perature SCR-catalyst for biomass combustion.
The approach of the presented PhD is a systematic
screening on suitable active components, carriers
and synthesis methods for the preparation of a
low-temperature SCR catalyst. Based on a litera-
ture survey catalyst precursors and carrier mate-
rials has been selected. A synthesis route based
on Excess Solution Impregnation was developed
and several powder catalysts were synthesized.

The approach of the presented PhD is a systematic
screening on suitable active components, carriers
and synthesis methods for the preparation of a
low-temperature SCR catalyst. Based on a litera-
ture survey catalyst precursors and carrier mate-
rials has been selected. A synthesis route based
on Excess Solution Impregnation was developed
and several powder catalysts were synthesized.

The catalyst screening took place on a laboratory
scale reactor with a synthetic gas mixture in the
low temperature range. Temperature-conversion
charts were recorded in order to find out the most
active catalyst. Beside the NO -conversion also the
formation of N,O was considered and the N,-selec-
tivity of the different catalysts were compared.

Results

* Simple synthesis route based on impregnation
developed

e Temperature-conversion charts 120 up to
250 °C @ 22,000 " space velocity

* Manganese-Nitrate and SiO_-powder with high
pore volume show the best performance: highest
NO,-conversion @ 15 % Mn-loading, Decreasing
conversion with higher loads

e BET surface and pore volume decreases with
increasing Mn-loading

* XRD: MnO, is formed when using Mn-Nitrate,
Mn,O, is formed when using Mn-Acetat

* TGA shows stage @ 500 °C: conversion of MnO,
into Mn,O,

* H,-TPR: Mn-Nitrate shows a specific H -reduction
twice as large as Mn-Acetate

* NH_-TPD: Reason for good SCR-performance of
15 % Mn-Nitrate is good NH,-Adsorption
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Advanced Biofuels

To return contaminated land to agricultural pro-
duction in the long term, the GOLD project at the
Chair of Energy Systems aims to produce clean
and sustainable biofuels with low indirect land
use change from selected high-yield lignocellu-
losic plants. These plants, which are optimized
for phytoremediation purposes, will be efficiently
decomposed into synthesis gas using entrained-
flow gasification. In this process, the synthesis gas
is converted into hydrogen and higher alcohols
such as ethanol, acetic acid, butanol, and butyric
acid by acetogenic microorganisms in a bioreac-
tor after gas purification. The aim of this work is
to predict the fate of heavy metal contaminants
in the plants during gasification. This enables an
assessment to where in the process chain hea-
vy metals can be separated from the biomass,
preferably in a non-leachable, vitrified form.

Contaminated biomass that was harvested from
GOLD phytoremediation pilot sites is investigated
experimentally. Using fuel analysis gasification
test rigs, release kinetics are obtained. Using the
contamination levels in the residue after gasifi-
cation, the mass balance for heavy metals can
be closed. The resulting temperature dependent
release behavior of the contaminants is used to
validate a previously developed model to predict
the phase transitions of contaminants from solid
phase to gas phase and back during entrained-

flow gasification of contaminated biomass.

Experimental and simulation results show that
cadmium, lead , and zinc show volatile behavior
and are entirely volatilized during entrained-flow
gasification. The other heavy metals are rather
non-volatile and are only partially released du-
ring gasification. Non-volatile elements start to
recondense in gasification and all heavy metals
are entirely solidified in the water quench.

To understand the release behavior of heavy
metals and metalloids during the gasificati-
on of contaminated biomass, this work allows
to measure and predict their phase transiti-
on behavior under gasification conditions.
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Incorporating biogenic fuels in fluidized beds
presents distinct challenges such as heat exchan-
ger fouling, high-temperature chloride corrosion,
and agglomerate development. These effects

can potentially disrupt fluidization dynamics,
leading to bed defluidization and eventual plant
failure, adversely affecting economic viability

[1]. Understanding, controlling, and preferably
avoiding agglomeration processes are cruci-

al for efficient and cost-effective operations.

This study introduces two complementary me-
thods for the early detection of agglomeration:

1. Novel Camera-based Image Analysis Tool: Ins-
pired by Filipe and Rocha‘s work with transparent
plexiglass fluidized beds, this tool was developed
by the Chair of Energy Process Engineering (EVT)
at the University of Erlangen-Nurnberg to detect
changes in bubbling dynamics during fluidizati-
on allowing to determine the fluidization state.
This method is based on image processing and
thresholding and solely relies on visual detection
of agglomeration processes, addressing challen-
ges in direct observation inside fluidized beds.

2. Characteristic Frequency (CF) Analysis: An
existing methodology developed by the EVT,
involves extracting a CF from the power spec-
tral density of pressure signals obtained from
different measurement points inside the flui-

dized beds using a fast Fourier transform.

To force agglomeration behavior in lab experi-
ments, the stickiness of bed material particles in
a prototype plexiglass fluidized bed was increa-
sed by manually spraying water after a defined
operating time. This enhanced the attractive
forces between particles, mimicking agglomera-
tion behavior and thereby its early detection.

The Characteristic Frequency Analysis of the proto-
type revealed a significant decline in the CF after
increasing the particle stickiness, signaling the
onset of defluidization which is consistent with the
findings of Leimbach et al. This decline is attributed
to the heightened stickiness dampening higher-fre-
quency collisions relative to lower-frequency bubble
movements and bed vibrations induced by gas flow.
Similarly, the Image Analysis tool successfully detec-
ted a notable change in bubble shape before and
after defluidization. Combining these two methods,
correlations between the CF and optical visualiza-
tion were established, unveiling dependencies bet-
ween the fluidized bed height, air inlet volume flow
rate, material, and early detection of agglomeration.

The results of this study facilitate online agglomera-
tion monitoring and process optimization in indus-
trial applications with various fluidization parame-
ters to early detect and prevent agglomeration.
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The topic of ,resilience” is becoming increasingly
important in the fields of science, technology
and society. The following definition is used:
»Resilience describes the ability of a sys-

tem to maintain its performance even under
stress and under turbulent conditions® [1]

In the scientific literature evaluated to date, re-
silience studies have been carried out on spe-
cific system constellations that only allow the
system boundaries to be extended to a very
limited extent. The aim is to develop a gene-
rally applicable method that will demonstrate
the importance of material flows in particular
for the resilience of energy supply systems.

The research questions are:

e Which properties that are important for
resilience can be assigned to material flows?

* Which numerical methods should be used to
enable comparability of the resilience values?

* How can the values obtained be interpreted with
regard to the resilience of the overall system?

The relevant properties of the primary energy
sources and conversion technologies that are
important for the resilience of the energy supply
systems under consideration are determined. In
the evaluated literature, the components of resi-
lience such as redundancy, diversity, loose cou-

plings and subsidiarity were examined, but not
the time behavior of the system components. The
present work aims to combine the time behavi-
or with the four components mentioned in order
to determine a more precise resilience index.

By applying numerical methods, a resilience index
can be determined for each combination of ener-
gy source and technology. The result of this work
should be a methodology that makes it possible to
determine a resilience index for energy generation
plants and the associated material flows that is as
accurate as possible. This allows comparisons to
be made between existing energy supply systems
and measures to increase resilience to be defined.

References:

[1] Gleich, Arnim von; G6f3ling-Reisemann,
Stefan; Lutz-Kunisch, Birgitt; Stihrmann,
Soénke; Woizeschke, Peer (2010): Resilienz
als Leitkonzept - Vulnerabilitat als analyti-
sche Kategorie. In: Klaus Fichter, Arnim von
Gleich, Reinhard Pfriem und Bernd Sieb
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The German energy transition in the power sector is
progressing towards a generation fleet, dominated
by wind and solar power plants and with decreasing
amounts of fossil power plants, which make assu-
red capacity a scare source in the German power
system. Bioenergy plants already serve assured
capacity and could substitute the shrinking fossil
fleet to some extent. Most of the capacity was built
since the introduction of the EEG in the year 2000.

Until 2035 most for recent plants run out of the
first remuneration period and need to look for
new business opportunities. Basically, they can
apply for a follow-up remuneration within the
current tendering schema of the EEG, develop
business new models outside funding mecha-
nisms for example upgrading biogas to biomet-
hane or should be finally decommissioned.

The current tendering scheme of the EEG is quite
complex and its expression depends on several
economic framework conditions as well as on future
adjustments of the supporting scheme itself. To
cover basic uncertainties in the general economic
framework and to evaluate different adjustments

on the national energy policy measures an agent
based modelling approach was used to simula-

te eight scenarios for the future development of
bioenergy plants in the German power sector.

The preparation of the final results are recently
under construction and will be submitted as a ma-
nuscript to a scientific journal in the coming weeks.

The 7™ DOC would give an ideal opportunity to
present a selection of a very recent topic to a
professional audience, especially interesting to-
wards the expected discussion about the next
EEG amendment starting after this summer. Will
be given within the final presentation / poster.
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The threat of a warming planet has underlined the
need to defossilize our economy. In this regard,
hydrogen promises to play an important role in the
transition to a more sustainable energy and che-
mical industry. Biochemical conversion platforms
like dark fermentation have emerged as attractive
approaches for producing hydrogen from organic
waste. Their low energy requirements and relati-
ve technical simplicity are often cited as import-
ant factors contributing to their ,greenness®.

However, knowledge gaps exist regarding their
environmental impacts and economic potential,
especially when compared to thermochemical
conversion platforms like gasification. This is aggra-
vated by a lack of harmonized indicators and the
use of different system boundaries in the publis-
hed literature. As a result, uncertainties remain
that hinder their widespread implementation. With
our research, we seek to bridge some of these
knowledge gaps by quantifying the performance
of biochemical conversion platforms and compa-
ring them to other hydrogen production routes.

We hypothesize that the integration of these plat-
forms into biorefinery concepts can help maximize
their environmental and economic benefits. This,
in turn, can help accelerate their deployment.

We develop various biorefinery concepts using
selected biochemical conversion platforms to pro-

duce hydrogen. Literature and experimental data
are then used in process models to crea-te mass
and energy balances for each concept. A Life Cycle
Assessment is then carried out to estimate environ-
mental impacts while input/ output models are
used to calculate economic and green chemistry
indicators. A scenario analysis is also carried out.

Results are compared to those from thermochemi-
cal platforms and conventional production routes
for co-products. Concepts using sugar-rich wastes
have been assessed. These show lower environ-
mental impacts than thermochemical platforms
for some impact categories. However, these im-
pacts are highly dependent on factors like loca-
tion, pretreatment method used, scale, and (co)
product demand, among others. Further platforms
and process options will be modelled, as well as
other waste types. Future research will also focus
on ensuring the comparability of the results.
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Storylines

Carbon dioxide removal (CDR) is indispensable
for climate neutrality, as a complementary stra-
tegy alongside reducing and avoiding greenhouse
gas emissions. Its ramp-up is driven by a diverse
set of factors, which are described in this work.
Bio-based CDR is put into focus, i.e., natural sink
enhancement, renewable long-lived building ma-
terials, and bioenergy with carbon capture and
storage (BECCS). By focusing on bio-based so-
lutions, actions can be streamlined to achieve
both carbon removal and a range of co-benefits.

Scenarios were developed that allow us to explore

biomass-specific drivers in a set of four narratives.

The selection of key drivers followed the PESTEL
approach (Policy, Environmental, Social, Technolo-
gical, Economic, and Legal aspects), to which the

cient deployment, (2) deployment restricted by
a focus on decentralized options and natural
sinks, (3) ambitious deployment, and (4) ro-
adblock with a reliance on carbon offsetting.
Each storyline is described by a set of key dri-
vers, whose trends differ among scenarios.

The scenarios represent diverse bio-based CDR
portfolios that differ in implementation level of
single technologies, and in the overall contribution
to negative emissions. The storylines and driver
trends will inform the modelling, as well as painting
a picture of potential developments for stakehol-
ders. They serve as a basis for compiling bio-based
value chains with maximum removal capacities
which deliver a series of additional system benefits.

Biomass category was added, to reflect the hetero-
geneity of challenges around deploying bio-based
CDR. Desirable net-zero futures and drivers identi-
fied in stakeholder interviews and workshops were
translated into consistent scenario storylines.

This resulted in distinct option portfolios, which feed
into modelling for cost-optimized implementation
using the BENOPTex model. System boundaries are
geographical (Germany), temporal (2020-2045),
and technology-specific (maximum capacities).

The four storylines encompass (1) cost-effi-
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The presentation will analyse the political back-
ground behind European Commission’s program-
me on R&l for biomass and renewables. The
European Green Deal’s concept paved the way to
several actions. At present the ‘second van der
Leyen Commission’ is considering a more indus-
try oriented approach. Horizon Europe is the R&l
framework programme of the EC and will last until
2027 with a total budget of 1000 billion Euros.

Other platforms could provide opportunities for
participating to calls for projects on Renewables
as the Clean Energy Transition Partnership (CETP)
and the Integrated Biorefinery Mission of Mission
Innovation. Finally, few thoughts about the inter-
action between Science and Policy will be given.
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Recent geological surveys have reported on the
necessity for investigation of methods to recover
phosphorus (P) from waste resources to meet the
needs of growing P fertilizer market. The digestate
produced after the anaerobic digestion is nutri-
ent-rich with elements like nitrogen (N), phospho-
rus (P) and potassium (K). The presence of these
elements makes digestate a valuable resource for
nutrient recovery. In the current study, we have
focused on recovery of P from the biogas digesta-
tes. The high-water content (approx. 80 - 90 %) of
digestate makes it difficult and expensive to trans-
port it to far away fields, leading to nutrient accu-
mulation. To tackle the problem of nutrient build-
up, technologies such as chemical precipitation,
ammonia stripping, among others, are employed to
recover nutrients from digestate. Solid-liquid se-
paration, often done with a screw press, produces
a solid phase with a total P content ranging from
35-45 %. The objective of the experiments was

to enhance P shift into the solid phase by using
existing separation technologies and additives.

To improve P separation efficiency, an approach
involving a combination of solid-liquid separation
with additive treatment was implemented. The
initial solid-liquid separations were conducted in a
laboratory scale, where the digestate was treated

using a hydraulic tincture press. Based on the initial
results, large-scale separation trials have been per-
formed at the research biogas plant Unterer Linden-
hof of the University of Hohenheim. Each separation
trial involved treating nearly 10 ms3 of digestate

with additives and separating with a using screw
press. Both in laboratory setting and in pilot trials,
the influence of treatment time on shifting P into
solid phase was also investigated. To gain further
information on the effects of additives on P reco-
very, different soluble P fractions in the separated
digestate were analysed using Hedley fractionation.

Initial results from the laboratory have shown that
solid-liquid separation without additive treatment,
nearly 40 % of the total P was bound to the so-

lid phase. However, when treated with kieserite,
the total P bound to the solid phase increased to
almost 61 %. The results from pilot scale trials have
also shown an increase in total P shifted to the solid
phase with additive treatment. Kieserite treatment
has shown a 33.5 % increase in the shift of P to
solid phase compared to control. Overall, additive
treatment of digestate can potentially be an eco-
nomical method to shift more P in to solid phase.

with additives like kieserite (MgSO,H,0), straw-flour,
and biochar later followed by solid-liquid separation
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Biogas plants are generaly used for base load power
supply in Germany, but their profitability without
state subsidies is uncertain. The conversion of
demand-oriented electricity for profitability increa-
se requires advanced control techniques for the
Anaerobic Digestion (AD) process. While Machine
Learning (ML) techniques have been applied for
process simulations, Reinforcement Learning (RL)
algorithms applied to AD process control have
been often neglected. This study demonstrates
the application of the Proximal Policy Optimisati-
on (PPO) algorithm - a RL algorithm - to a biogas
plant for increased profitability, with knowledge
based constraints to ensure process stability.

Approach and methods Biogas production data is
generated from a simplified version of the ADM1
model, the ADM1-R3 [1], in response to the PPO
agent actions at each iteration, and then fed back
to the agent. The agent controls the substrate
feed amount and timing, and the selling time of
the electricity produced from the biogas. Agent’s
actions are constrained within process stability
limits. In a first phase, the agent is rewarded only
based on the total weekly biogas production, while
in a second phase it is rewarded for both biogas
production and for the selling time of the produced
electricity. After each simulated week, the agent

is rewarded and provided with the current state,
and it subsequently generates a new configuration

based on the current state and the gained reward.

The RL agent outperforms a naive scenario with
constant feeding amount, time and electricity
selling time in over 80% of the simulations, leading
to an 8.5% increase in profitability compared to con-
ventional approaches. In general, as the number of
simulations increase, the agent is able to increase
its cumulative reward, and to decrease the deviati-
on from the optimal selling point. Agent performan-
ces and revenue might be further increased with
the additional refining of the environment and the
implementation of further previous knowledge du-
ring model training. To assess the efficacy of such
methods in industrial applications, further research
should consider multiple feeding and electricity pro-
vision times, as well as limited gas storage capacity.

References:

[1] Weinrich, S. Nelles, M. Systematic simplification
of the Anaerobic Digestion Model No. 1

(ADM1) - Model development and stoichi-

ometric analysis, Bioresource Technolo-

gy, Volume 333, 2021, 125124. 2021.
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The Anaerobic Digestion (AD) process can be used
to provide demand-oriented power, mitigating the
variability of renewable energy conversion. Thus,
robust modelling techniques are needed for effecti-
ve prediction and control of the process. Normally,
the AD process is modelled with the Anaerobic
Digestion Model No. 1 (ADM1), but the need for
frequent and precise measurements make it

hard to implement during regular industrial ope-
rations. While stochastic modelling techniques
such as Machine Learning (ML) and Neural Net-
works (NN) are currently being tested on the AD
process, many algorithms might be susceptible

to measurement errors and might not be able

to accurately depict long-term dependencies.

Transformer based models - such as ChatGPT

- gained popularity in the past few years due to
their robustness to inconsistencies in the input
data and their capacity of correctly modelling
long-term dependencies. Among the transfor-
mer-based models showing promising results with
time series data, informer shows optimal perfor-
mances and natively supports time-series data.

An informer was applied to predict the methane pro-
ducted in a 12L lab-scale digester (Dataset A) and

a 188 m?® industrial-scale digester (Dataset B). In
Dataset A, cow manure, grass silage, straw pellets
and grist were alternatively digested under variable

OLR between O and 8 kg VS m-3 d-1 over a period
of 287 days, with variable HRT. In Database B, corn
silage and cattle manure were digested under vari-
able OLR between 2 and 16 kg VS m-3 d-1, for 165
days, with variable HRT. While Dataset B was simu-
lated one point per time 24h in advance, Dataset A
was simulated one point per time 24h in advance
in Scenario 1 and for 72h in a row in Scenario 2.

The informer was able to predict the biomethane
yield in Dataset A with a 78.5 % RMSSE, impro-
ving the performance of an LSTM NN tested in
previous studies of 95.2 %. While modelling the
methane yield in Dataset B and Scenario 1, the
informer was able to improve the performances
of the LSTM NN - 125 % - to 93 %. In Scenario
2, the informer provided an RMSE of 0.145. This
study demonstrates the successful application of
a transformer-based model - the informer - to
the prediction of methane yield from lab-scale
and full-scale AD dynamic process. Such mo-
dels can be applied to industrial-scale biogas
plants and be combined with prior knowledge
models to stochastically control biogas plants.
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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
biomass-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 tech-
nology involves capturing, transporting, and
storing the resulting CO, produced 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, membrane sepa-
ration, chemical looping, cryogenic distillation, and
hydrate-based separation. These carbon capture
and storage (CCS) technologies are being modified
to fit into bioenergy technologies making up BECCS
technologies. Based on the literature BECCS tech-
nologies being investigated comprise woody bio-
mass combustion, fermentation, gasification, bio-
gas upgrading, municipal solid waste combustion
or landfill gas combustion with CCS, and algae-ba-
sed BECCS through thermochemical processes.

Although BECCS is currently more prevalent in
bio-ethanol/methanol production its usage in other
forms of biofuels and electricity generation is gradu-
ally increasing. The potential to capture and se-

quester carbon from bioenergy generated from the
organic fraction of municipal solid waste and agri-
cultural residue is lower than the amount required
to achieve the net-zero scenario. Meeting this target
puts pressure on the utilization of first, second, and
third-generation biomass leading to environmental
sustainability and economic concerns. These chal-
lenges include sustainable biomass, land use ch-
ange, soil erosion, biodiversity loss, and water use.

Some literatures highlight economic challenges
such as price increases on agricultural com-
modities through competition for land. From a
technological perspective, low energy efficiency
due to the high energy consumption of BEC-

CS technologies is also a major challenge.

This study aims to investigate the latest develop-
ments in BECCS, evaluating its advantages and
obstacles while also identifying areas that require
further attention. The research will also explore
potential strategies for integrating carbon capture,
storage, and utilization into biogas generation
facilities, with the goal of decarbonizing the pro-
cess, expanding the range of outputs, and im-
proving the economic viability of such facilities.
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Niobium pentoxide as a support shows good deoxi-
dation performance in hydrodeoxygenation (HDO),
but lower specific surface area has some limitations
on catalytic effect. To address this problem, we
studied a new type of support that combines nio-
bium pentoxide and activated carbon, the support
is prepared by utilizing the rich specific surface
area of activated carbon while retaining the hydro-
deoxygenation performance of niobium pentoxide.

Uniform mixing of niobium and carbon by sol-

gel method, then carbonize and activate the
product get the niobium pentoxide-Active Car-
bon(Nb205-AC). The support is loaded with transi-
tion metals such as nickel, iron and cobalt to form
Ni/Nb205-AC, Fe/Nb205-AC, Co/Nb205-AC, which
are used to treat guaiacol to test the HDO catalytic,
the reaction products was tested by GCMS and com-
pared with the effect of the noble metal catalyst.

The preparation of Nb205-Active carbon by sol-gel
method and the process can be briefly stated as
follows: 3.2 g Niobium ammonium oxalate dissol-
ved in the 10 ml distilled water at 50°C, add 6.2

g citric acid, and react for 30 min. Next raise the
temperature up to 90°C and react for 30 min, then
adding the 1.86 g ethylene glycol and react for 60
min, cool to room temperature and dry at 95° C
for 24 h, after grinding the obtained dry product
and adding zinc chloride, the product was calcined

at 300° C for 6 h under a nitrogen atmosphere,
then washed repeatedly with 2 mol/L HCI and
distilled water until the pH of the filtrate is 6~7,
and the Nb205-AC was obtained after drying.

New support compared to Nb205, the conver-
sion of guaiacol and cyclohexanol selectivity

are significantly improved. The HDO of guaiacol
tends to be hydroisomerized first and then deoxy-
genated when using Ni/Nb205-AC, It needs to
be further verified by examining the changes

in product composition at different reaction
times to explain the reaction mechanism.
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Sustainable aviation fuels (SAF) are considered
one of the most valuable options to mitigate clima-
te change (Qasem, 2024). On 18 October 2023,
the European Parliament and Council adopted a
final act (ReFuelEU 2023/2405) that sets mini-
mum obligations for all fuel suppliers to gradually
increase the share of SAF (including synthetic
aviation fuels also known as e-fuels) at EU airports.
According to the ReFuelEU, in 2030 the minimum
share of SAF should be 5 % increasing to 63 %

in 2050. SAF obtained from biomass feedstocks,
particularly from non-edible vegetable oils, can
efficiently contribute to decreasing the greenhouse
effect by buffering the CO, (Seber, 2022). Among
others, in recent years, there has been growing
interest in an easy-to-grow oilseed crop: carinata
(Brassica carinata). The present study aims to: i)
evaluate the agronomic performance of carina-

ta within different cropping systems (i.e., main
crop, intercropping, relay-cropping); ii) assess the
environmental benefits of carinata-based SAF.

Carinata has been included in three field experi-
ments testing different cropping systems at the
UNIBO experimental farm (Bologna, Italy). In the
first experiment, four different carinata varieties
(supplied by Nuseed and AAFC, Agriculture Ag-
ri-Food Canada) were tested in two different sowing
dates (spring and autumn) to evaluate the adaptabi-
lity of the crop to the pedo-climatic conditions of the

Mediterranean region as main crop. Additionally, to
avoid the competition for the land use and natu-

ral resources between industrial crops and food
crops, an intercropping field trial, including carinata
(Nujet 350) and chickpea, has been established

in November 2023 and compared with the respec-
tive sole-crops. Finally, in the third experiment, a
relay-cropping system with carinata relay-sown in
spring on a barley stand (planted in the preceding
autumn) has been arrange in large strips (>5000
m?2). After the harvest, representative seed samples
from all experiments will be collected and cha-
racterized (oil content and fatty acid profile). The
SimaPro 9.4.0.3 will be used to evaluate the life
cycle assessment of carinata-based SAF.

So far, results only on the spring sowing of carina-
ta screening trial are available. The crop showed
massive injury caused by the attack of flea beet-
les. Carinata seeds yield of the variety trials was

on average 0.7 Mg ha-1 and the mean of the oil
content was 25 %. For all the other experiments,
only preliminary data are available since they are all
currently ongoing in the field. So additional results
will be obtained after the harvest of the crops ex-
pected in summer. Nevertheless, carinata sown in
autumn in the screening trial shows a much growth
compared to the spring sown trial. The results of the
ongoing study will be used to set the environmental
impacts of the carinata-based SAF value chain.
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Peat is the most used constituent in horticultural
growing media for the hobby and the professional
market in Germany. Due to the climate impacts of
peat, the German government has implemented

a voluntary Peat Use Reduction Strategy since
2019 and has set targets for the end of peat use.
Bio-based products - consisting nowadays mostly
of green waste compost, coniferous wood fibres,
composted bark, and imported coir products - can
be used as peat substitutes. Although the use of
these alternatives has increased in the past years,
current trends indicate that, under the current con-
ditions, the official goals for peat use reduction are
likely not to be fulfilled. According to professionals,
peat replacement has two main challenges: (1) the
fulfilment of quality requirements for growing media
and (2) the availability of biomass for the industry.

In this project, we aim to define more precisely
the second challenge associated with the “avai-
lability” of peat alternatives and evaluate ways to
overcome it. First, a potential analysis evaluated
the physical amounts of biomass theoretically
available for the growing media industry. Then, a
qualitative analysis of deep-dive interviews iden-
tified the driving and limiting factors of the use
of constituents for the industry. In a next step,
market prices of constituents and potting soils for
hobby gardeners were collected and analysed to
calculate the price differences of peat and pe-

at-containing products compared to alternatives.

The results show that physical amounts of biomass
are more than sufficient to replace peat for growing
media. However, the use of peat substitutes is limi-
ted by the existing supply chain and the competition
with other sectors, both affecting transportation
costs, quality of material, security of the supply and
prices. The analysis of prices shows that the price
advantage of peat, if it exists, is small compared to
alternatives. This implies that the economic ad-
vantage of peat can not be reduced to its market
price. Results also show that the price of peat-free
products is higher than those of peat-containing
products, which can be assumed to limit the shift
of the demand towards peat alternatives. Based on
these results, we explored, quantified and discus-
sed market-based measures to make peat substi-
tutes and peat-free potting soils more competitive.
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Increasing exploitation of residual biomasses to
produce bio-based energy and materials raises the
question of limits and trade-offs regarding sustain-
ability. There is a controversial debate on this topic,
not least because of vague requirements for far-
mers and operators to monitor the complex effects
on soil health and fertility resulting from an extracti-
on of residual biomasses from agriculture. A previ-
ous investigation [1] has shown that there is a need
for an advanced and comprehensive assessment
framework which is capable of addressing complex
interactions from a life-cycle sustainability perspec-
tive, focussing on assets and drawbacks of different
management practices and utilization strategies
depending on site-specific conditions. Extraction
and utilization of residual biomasses could either
be a promising way of decoupling economic activity
from resource use and environmental impacts or a
lost opportunity to preserve planetary boundaries.

Against this background, the objective of this
research is to provide a framework for life-cyc-

le sustainability assessment, based on a set of
appropriate indicators and methods, which allows
scientists to face the various uncertainties and
shortcomings of conventional life-cycle assess-
ments and contributes to the ongoing debate
about benefits and trade-offs of sustainable uti-
lization of residual biomasses from agriculture.
Therefore, spatially resolved information about

soil and weather conditions as well as manage-
ment practices are combined with soil and
agroecosystem models to predict actual and
site-specific impacts and benefits of residual
biomass extraction from a strong sustainabili-
ty perspective with regionalized LCIA results.

References:

[1] Siol, Christoph; Thran, Daniela; Majer, Ste-
fan (2023): Utilizing residual biomasses from
agriculture and forestry: Different approa-
ches to set system boundaries in environmen-
tal and economic life-cycle assessments. In:
Biomass and Bioenergy 174, S. 106839
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Hydrothermal liquefaction (HTL) is a leading tech-
nology for converting wet biomass into biofuels,
but the effective use of its aqueous phase (AP)
by-product remains a challenge. Among the op-
tion, wet oxidation (WO) has gained interest as a
method for treating the AP. It is a hydrothermal
exothermic process where organic compounds
degrade in water under an oxidative atmosphere.

This study explores the integration of WO heat
output with HTL energy needs. First a batch expe-
rimental campaign was conducted to test the HTL
at different operative conditions using as feedstock
a 50/50 % blend of wheat straw and cow manure
at 15 % dry matter. The quality of the biocrude was
established with its high heating value, while the AP
was characterized according to its total chemical
oxygen demand (COD). Next, Aspen Plus® software
was utilized to simulate the WO process with its
Kinetic under different conditions [1], examining
heat generation and output stream composition.
Subsequently, a MATLAB script was developed to
simulate both HTL stand-alone configuration and
the HTL-WO process integration, evaluating for
each one an optimal heat exchanger network.

Finally, the residual COD removed to reach the
European limit for effluent discharge (0.125 g/L of
COD) was assumed considering the energy expen-
diture of waste water treatment plant (WWT).

1 kg/s of slurry was set as basis for calculati-
on. The indicator for the comparison was iden-
tified in the Net Energy Ratio (NER) defined as
the process energy output over the input.

The energetic expenditures Pox and Pcomp are
present for WO scenario and consider the oxygen
production and compression. The integration of the
two processes resulted in notable improvements,
with the total energy expenditure reduced by over
half. Consequently, these findings hold promise for
the widespread adoption of advanced biofuels.

References:

[1] C. E. Schuck, T. Schafer, and K. Anastasa-
Kis, “Predictive Modeling and scale-up of Wet
Oxidation for Hydrothermal Liquefaction Pro-
cess Water treatment,” Computer Aided Che-
mical Engineering, vol. 52, pp. 2229-2234,
Jan. 2023, doi: 10.1016/B978-0-443-15
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Lignin is a promising renewable raw material that
can be used in the future as a basis for the pro-
duction of important platform chemicals or energy
carriers. The biopolymer has a large number of aro-
matic rings that are linked to each other via various
chemical bonds. Depolymerization of the macro-
molecule can therefore be used to produce interes-
ting aromatic compounds. The largest producer of
lignin is the paper industry with around 50 million
tons per year. These are currently burned almost
exclusively to generate energy. A more sustainab-
le use, which also has economic potential, is the
material valorization of the lignin. Most of the lignin
produced is dissolved in the form of black liquor.

A suitable process for directly processing the
lignin contained in the black liquor is hydrother-
mal liquefaction, which is carried out at process
conditions close to the critical point of the water
(374°C, 221 bar). It offers the elegant option of
using the black liquor directly without having to
separate and dry the lignin first, which is energy-in-
tensive, as the HTL can also process wet biomass
with a very high-water content and also needs
water as a basic requirement. The depolymeriza-
tion of lignin is a very complex reaction with many
products, therefore, the formulation of a reaction
mechanism is of advantage to design processes
for recovery of aromatic products from lignin.

We carried out batch and continuous tests with
black liquor, extracted lignin and model substan-
ces at temperatures between 250 and 400°C and
residence times of O to 30 minutes. With the help
of various analytic tools like 31P NMR, GC-MS/FID,
ICP, elemental analysis, mass balances of aromatic
products describing monomers and oligomers

as well as solids and gases are determined and
chemical composition are described depending
from temperature and residence time during HTL.

31P NMR and 13C solid state NMR elucidated the
functionalities of the lignin degradation products
and proved that demethylation, demethoxylation
and radical methylation reactions of monomers
and oligomers are comparable. Based on these
results, a reaction network is created, which on
the one hand represents specific reactions at the
functional groups and on the other hand provides
information about the degree of depolymerization
by means of the molecular weight and the car-
bon mass balance. From this reaction network,

a lumped reaction model is developed that can
satisfactorily describe the depolymerization.
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The immediate challenges we face in treating
wastewater, recovering resources from waste
streams, capturing CO2 from the atmosphere, and
transitioning from fossil-based chemicals to bio-
mass-based refineries are topics of rising global
interest. Engineered wetland systems (EWS), at the
forefront of the expanding field of nature-based
solutions (NBS), offer a sustainable approach to
wastewater treatment and biomass production. Our
study assesses their potential for nutrient recovery
and carbon sequestration using slow pyrolysis
(600°C) and hydrothermal carbonization (250°C).
Here, we propose EWS-pyrochars as a ready-to-in-
tegrate opportunity for soil amendment, as they
exhibit a predominant CO, release and the absen-
ce of harmful compounds in pyrolysis-chromato-
grams, indicating higher stability than hydrocars.

Using sequential Phosphorus-extractions—modified
Hedley 's method, we observed a high P-bioavai-
lability in the willow woodchips and a significant
P-retention in EWS-chars - up to 92 % in pyrochars
and near-complete retention in hydrochars, along
with a higher labile-P fraction of 21 % in hydroch-
ars than 5 % in pyrochars. Utilizing X-ray-based
techniques, Raman spectroscopy, scanning elec-
tron microscopy, and gas physisorption, we cha-
racterized the EWS-chars’ structures. We revealed
innovative 3D-visualizations, which transcend
previous literature by providing insights into the

chars® internal porosity and quantifying, for the first
time, their carbonaceous structural thickness via a
meshing algorithm and the mean Feret diameter.
EWS-pyrochars exhibit remarkable aromaticity

with a higher concentration of overall sp2 C-atoms
at 63 % vs. 43 % in hydrocars. Moreover, unli-

ke hydrochars, which depicts occluded porosity,
EWS-pyrochars exhibited 92 % water storage-like
pores. Although hydrochars indicated lower carbo-
nization and thermal stability than pyrochars, their
higher carbon retention (54 % vs. 41 % in pyroch-
ars) suggests superior annual benefits - on a 10 ha
EWS scale - of 80 tons of carbon sequestration and
334 kg of phosphorus recovery versus 60 tons of
carbon and 298 kg of phosphorus for pyrochars.

Our findings suggest innovative materials for
resource recovery, moving advancing the field
of engineered wetland systems, shifting their
traditional use, and opening the opportuni-
ty for future integration into biorefineries.
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Energy is principal to economic development

due to the positive correlation between its
consumption and living standards. It is pivotal

to the human needs because it is required for
mobility, lighting, heating and cooling. Mobili-

ty is one of the fundamental conditions for
sustainable development in Africa. Hence, in ac-
tualizing SDGs which most African leaders have
ratified and vowed to achieve, sustainable mo-
bility cannot be overemphasized. Ghana is
confronted with unsustainable transport system
due to the high use of fossil fuels. The transport
sector in Ghana is the largest emission sector
within the energy sector with about 43 %. Based on
the demands from the Paris Agreement, many
developed countries have committed to over 50 %
GHG emission reduction by 2030. The deter-
mined contribution of Ghana is to lower its GHG
emissions by 15 % (11.1 MtCO,e) base on Busi-
ness-as-usual scenario emission of 73.95 MtCO_e
by 2030 and additionally lower emissions by 30 %
if there is availability of extrinsic support. To
facilitate the process of reducing emissions, sus-
tainable transport actions by the use of biofuels
will enhance safe, efficient and green transport in
Ghana which can spur healthy and livable living
mostly in cities. According to the report by National
Energy Statistics 2021, the importation of gasoline
and gasoil have augmented at annual growth rate

of 7.4 % and 8.7 % respectively from 2000 to 2020.

The total amount of petroleum products imported

in 2020 was 3,965 kilo tonnes representing a
385.9 % increase over the amount in 2000. The
absolute dependence on imported fuels threatens
energy security, devaluate the Ghana cedis currency
and also deteriorate the balance payment and the
country’s foreign currencies reserves. Replace-
ment of gasoline and diesel fuels with ethanol and
biodiesel generated in Ghana will reduce the import
bills and inject the amount saved into the dome-
stic economy to ameliorate GDP of the country.

The study aims to curb GHG emissions by utilizing
biofuels (bioethanol and biodiesel) generated
from renewable energy sources as optimal alter-
native fuels for road vehicles. The study answers
the question of how biofuel integration can be
an efficient mitigation alternative in Ghana. A
comparative test between conventional fuels and
biofuels was conducted by employing a physical
model to predict the amount of fuel consumption
and emissions that will be generated from each
fuel type. This will enhance the deduction of the
total emission and fuel savings derived from bio-
fuels relative to the conventional fuels. Based

on author’s knowledge, this is the first study to
predict biofuel and conventional fuels consump-
tion and emissions in Ghana using a mathemati-
cal model. A research gap that the study fills.
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