orz )

ANNUAL REPORT
2018




Schkeuditzer Kreuz

Leipzig-
Messegelande

DIRECTIONS

By train: to Leipzig main station. Take tram
line 3/3E (towards Taucha/Sommerfeld) as
far as the Bautzner Strasse stop. Cross over
the road, passing the car park on the right,
and turn right through gate number 116, after
approximately 100 metres turn left, the DBFZ
entrance is 60 metres further along on the left-
hand side.

By car: on the A14 motorway. Exit at Leipzig
Nord-Ost; follow signs for Taucha; then follow
signs for Leipzig; then follow signs for Zentrum,
Innenstadt. Turn off left after the “bft” filling
station (see “By train” for further directions).

By tram: line 3/3E towards Taucha/Sommer-
feld; Bautzner Strasse stop (see “By train” for
further directions).

Deutsches Biomasseforschungszentrum DBFZ

gemeinnutzige GmbH

ANNUAL REPORT
2018






1
PREFACE BY
THE MANAGEMENT

Preface by the management

Dear Reader,

In 2018, we were able to use the momentum from the positive feedback we re-
ceived from the German Council of Science and Humanities to further advance
our research activities on the energetic and integrated material use of biomass
on the basis of the R&D roadmap. A particular highlight in autumn 2018 was
the DBFZ annual conference to mark the 10" anniversary of the DBFZ in Leipzig,
which we combined with the 15t German Bioenergy Doctoral Colloquium. This new
format is now to be established with the relevant research institutions as a nation-
al network event for young scientists in the area of bioenergy.

Our involvement in national and international expert committees has also been
further expanded. Since 2015, the DBFZ has been a member of the German Re-
newable Energy Research Association (FVEE) and in 2018, for the first time, took
on the role of spokesperson for the Board of Directors. On an international lev-
el, we were able to stage the DBFZ with important cooperations, joint research
projects, committee work and the co-organisation of important conferences. The
DBFZ'’s diverse involvement in the International Energy Agency (IEA) and the co-or-
ganisation of top-class conferences in Italy, China and India, for example, deserve
special mention. The new construction activities also progressed well, with the
move-in taking place as planned in summer 2019.

As every year, we would like to thank our numerous supporters (shareholders,
supervisory board, research advisory board, ministries, project sponsors and all
project partners). We are very grateful to you for the fruitful cooperation and your
many suggestions, which help us to become even better every day!

Prof. Dr. mont. Michael Nelles Daniel Mayer
Scientific Managing Director Administrative Managing Director
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BIOFUELS AND CLIMATE
PROTECTION IN THE
CONTEXT OF THE
RENEWABLE ENERGY
DIRECTIVE
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Biofuels and climate protection in the context of the Renewable Energy Directive

The latest Special Report of the Intergovernmental Panel on Climate Change
(IPCC) once again calls for decisive action for a paradigm shift, particularly in the
energy sector, transport and agriculture, in order to achieve the agreed Paris cli-
mate targets (i.e. to reduce greenhouse gases by at least 80 to 95% by 2050
compared to 2010). A key to this lies in drastically reducing energy consumption
while massively increasing the share of sustainable renewable energy sources.
This will require a technological revolution in many areas within the coming years.
The transport sector faces particular challenges if mobility is to be sustainable
and climate-friendly. With regard to climate protection, it is essential for the trans-
port sector, in addition to the efforts to reduce final energy consumption and im-
prove propulsion systems, to promote the further implementation of energy sour-
ces with high energy density and at the same time the lowest possible greenhouse
gas emissions in the overall “well-to-wheel/wave/wing” (WTW) chain.

Fig. 1 The volume of traffic and the pressure to reduce greenhouse gas emissions are
increasing

9
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Fig. 2 Dr. Franziska Miiller-Langer at the conference “Fuels of the Future”
(January 21, 2019)

Franziska Miiller-Langer: Achieving this ambitious goal requires a number of
measures such as traffic avoidance, traffic shifting (e.g. from road to rail) or in-
creased use of efficient powertrains such as electric drives. In the foreseeable
future, the energy sources used and thus all available renewable fuels will remain
a crucial lever for climate protection in transport. Franziska Miiller-Langer: The share of renewable energies in the transport sector
was about 5% in 2017, with the use of biofuels alone accounting for 4 %. This cor-
responds to a total of approx. 113 PJ and is mainly achieved in Germany through
the blending of biofuels (approx. 80PJ biodiesel/FAME and approx. 1PJ hydro-

Franziska Miiller-Langer: In 2015, Germany was the first member state in the treated vegetable oils/HVO via diesel, approx. 31 PJ bioethanol via gasoline and
European Union who introduced the so-called greenhouse gas (GHG) quota, ac- just under 2 PJ biomethane via CNG/natural gas). Tax relief for biofuels or renew-
cording to which increasing proportions (currently 4%, from 2020 6 %) of GHG able fuels no longer exists; nevertheless, there are enormous challenges in the
reductions in fuels placed on the market have to be accounted. Failure to comply transport sector.

with the quota could result in penalties. Already today, around 7.7 million tonnes
of CO, equivalents are avoided in the German transport sector through the use of
sustainable biofuels. The average specific greenhouse gas reduction is more than
80 % compared to fossil fuels, which is significantly more than the 50 % required
under the currently binding Renewable Energy Directive (RED).
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Biofuels and climate protection in the context of the Renewable Energy Directive

Franziska Miiller-Langer: Against the
background of better knowledge, REDII
(Directive 2018/2001) sets unambitious
framework conditions until 2030 and takes
the real proportions for selected energy
sources and transport sectors to absurdity
oo Lo through the possibility of multiple crediting.
A ‘l Q. o4 ' The RED Il expressed in figures: among oth-
ers 14% renewable energies in transport,

with a maximum of 7.0% conventional

DBFZ

Lagvive Sloleafistftsekor biofuels from raw materials that can also
g%:.;:‘“f:j:;.:&“’- be used in the food/food sector, with the
proportions of advanced fuels gradually in-

i OJEEES creasing to 3.5% by 2030, as well as 65%

specific minimum GHG reduction with a si-
multaneous increase in the fossil reference
Fig. 3 DBFZ Report 11 (4" edition): value. Germany would have the possibility
Monitoring Biokraftstoffsektor to go beyond the targets set in REDII, but

apparently will not pursue this. Rather, it
can be assumed that the GHG quota existing since 2015 will not even begin to
meet the actual requirements for achieving the climate target in Germany (minus
40% by 2030) after 2020.

Franziska Miiller-Langer: The continuation and expansion of the GHG quota after
2020 is one of several necessary measures to drive forward the energy revolution
in transport. To date, the GHG quota introduced in Germany in 2015 has had
a positive impact on technology (further) developments, the associated specific
GHG reductions and achievable market prices for renewable fuels. Quota shares
for all renewable energy sources (biofuels, electricity-based fuels such as PTX and
renewable electricity) that meet the targets, with corresponding subquotas for the
targeted promotion of advanced fuels could create a positive environment. This
could enable the successful implementation of available technical solutions (e. g.

Interview with Dr. Franziska Muller-Langer

biomethane/PTG, lignocellulosic ethanol) and the further development of techno-
logies to advanced fuels (e. g. paraffinic and synthetic fuels based on BTx and PTx)
as well as propulsion and infrastructure side.

Franziska Miiller-Langer: It is important for technical progress and a market im-
plementation or establishment of renewable fuels, especially in the timeframe up
to 2030 and beyond, to create clear and reliable framework conditions already
today, e.g. with regard to quota shares to be met. The same applies to the con-
tractual penalties to be paid in the event of non-compliance with the respective
specifications within the GHG quota or, for example, with regard to the EU-regu-
lated CO; limit values for vehicle fleets. An important building block for this is the
overarching evaluation of fuels and powertrains together, which has been carried
out in a regulatively decoupled manner so far. In addition, the proposals for CO,
taxation of energy sources currently under discussion in specialist circles offer
the potential to provide important incentive for the expansion of renewable energy
sources and alternative powertrains in transport.

Franziska Miiller-Langer: Fuels are the subject of research on several levels at
the DBFZ and our department and research focus area respectively. First and
foremost, we focus on renewable (bio)-fuels as an essential product of biorefiner-
ies or SynBioPTx hybrid refineries. For many years we have been looking at various
plant concepts at the level of technical, economic and ecological feasibility. Last
but not least, our monitoring of the biofuel sector published regularly in DBFZ Re-
port 11 (see Figure 3) provides a very good overview of the market developments
of the various fuel options under the respective boundary and frame conditions.
On a pilot scale, we are working on various processes for biorefineries along the
supply chain. These are not only relevant for the production of biofuels, but also
for the supply of other value-adding products, that are necessary for the compet-
itivness of biorefineries. These include so-called hydrothermal processes (HTP),
thermo-chemical gasification, gas conditioning and product synthesis as well as

13
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Biofuels and climate protection in the context of the Renewable Energy Directive

i N X
Fig. 4 Biomethane as a renewable fuel has lower pollutant emissions than diesel
and petrol

various separation processes. We are working intensively on mapping complete
chains in technical interaction and on being able to analytically examine reactants
and (intermediate) products accordingly. In addition, we can examine various fuels
with regard to their properties and their behaviour in the overall engine exhaust
aftertreatment system as well as related emissions.

Can you nhame a concrete research project you are currently working on?

Franziska Miiller-Langer: We are currently working on a practical project of the
Mobility and Fuels Strategy financed by the Federal Ministry of Transport and Digi-
tal Infrastructure (BMVI), which involves the production and supply of biomethane
from so far unused biogenic residues and waste materials. Here we rely on an in-
novative technology approach involving hydrothermal processes, anaerobic diges-
tion, product separation and synthesis from biogenic CO,. Our goal is to realise a
pilot plant at the DBFZ in the R&D project that will initially run until 2021. To imple-

Interview with Dr. Franziska Mller-Langer

ment this successfully and to identify in the accompanying feasibility study frame-
work conditions which could enable a competitive mobilisation of this potential for
several biomethane plants are undoubtedly challenges to be managed.

Keyword biomethane: the renewable, gaseous energy source has great, but still
largely untapped potential. What significance does biomethane have for the fuel
sector?

Franziska Miiller-Langer: Biomethane is a fuel option that is already available on
the market, that can be blended up to 100 % with natural gas/CNG fuel and that
also has advantages over fossil gasoline/diesel in terms of pollutant emissions.
In addition, by mobilising previously unused potential for biogenic residual and
waste materials, further quantities could be developed and used advantageously
on a large scale in transport. Due to the advantages with regard to the specific
greenhouse gas emissions of biomethane from waste and residual materials, the
fuel is used within the GHG quota; despite the available infrastructure and mode
of transport, however, only to a comparatively very small extent to date (approx.
5PJ CNG in 2017, thereof approx. 2 PJ biomethane).

Advanced fuels are strongly targeting biogenic residues and waste materials.
What are the value-added opportunities for agriculture?

Franziska Miiller-Langer: In the production of conventional biofuels such as bio-
diesel/FAME from oilseeds/vegetable oils and bioethanol from plants containing
sugar and starch, for example, large quantities of animal feed are provided at the
same time, depending on the plant concept. A further added value results from
the use of stillage from bioethanol plants for the production of biomethane.

In addition, there is considerable potential for straw and other agricultural resi-
dues (e.g. manure) to be used as raw materials for biofuels. If the synergies in
the interaction of biomass-based products (BTx) and electricity-based products
(PTx) can be exploited in so-called SynBioPTx concepts (e. g. by using biogenic CO,
from biogas/biomethane plants and bioethanol plants for PTx processes with the
integration of renewable electrolytically produced hydrogen), existing value-added
chains can be extended and thus added value generated.

15
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Biofuels and climate protection in the context of the Renewable Energy Directive

Franziska Miiller-Langer: For decades we have been talking about fossil resourc-
es being finite. However, it is currently not possible to predict when oil reserves will
really run out. The climate targets defined in Paris have priority, and biofuels - as
already mentioned - are still the only option currently available to a significant
extent in order to achieve significant reductions in greenhouse gases on the fuel
side, taking into account a number of sustainability criteria.

Franziska Miiller-Langer: That depends on the framework and boundary condi-
tions, the region and the time horizon; in its current, still very dominant form, it
does. Conventional powertrain concepts (especially the engine as a whole, ex-
haust aftertreatment and overall vehicle management) are also being continu-
ously further developed, taking into account the respective modes of transport. In
all probability, however, the future will lie in the mix of electromobility and hybrid
drives with the best possible integration of the various renewable fuels. In individ-
ual areas of application, however, we will have to continue to rely on pure combus-
tion engines in the future, such as in aviation and shipping.

Further information:

In profile:

Interview with Dr. Franziska Muller-Langer

Dr.-Ing. Franziska Miiller-Langer specialised in energy
technology during her mechanical engineering studies at the
TU Bergakademie Freiberg and worked for Siemens AG, Power
Generation in Erlangen and the Aristoteles University Thessa-
loniki (Greece), among others. She received her doctorate in
biofuels from the TU Hamburg. From 2004 she was project
manager and later working group leader at the Institute of
Energy and Environment (IE Leipzig). Since 2008 she has been
working as head of the Biorefineries Department at the DBFZ
as well as head of the research focus area “Processes for
chemical bioenergy sources and fuels”. She is also a member
of various committees and working groups (e.g. National Team
Leader of the IEA Bioenergy Task 39; European Technology
and Innovation Platform, National Platform Future of Mobility;
DECHEMA ProcessNet - Sustainable Production, Energy and
Resources (SUPER), Division Energy Process Engineering as
well as Working Group Alternative Fuels; Scientific Advisory
Board Forderkreis Abgasnachbehandlungstechnologien flr
Verbrennungskraftmaschinen e.V.)
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Highlights of the research focus areas

At the DBFZ, relevant research areas of energetic biomass use and integrated
material use are dealt with in five main research focus areas. They ensure that im-
portant questions and aspects of bioenergy can be mapped in the depth required
for excellent research. The priorities are oriented towards future developments as
well as research policy challenges and framework conditions (e.g. the strategies
of the Federal Government such as the national research strategy BioEconomy
2030, the national policy strategy BioEconomy, the mobility and fuel strategy of
the Federal Government, the roadmap Biorefineries, etc.). Other important cor-
nerstones for the scientific orientation of the research priorities are the funding
policy framework, the unique selling points in the research landscape and the
good infrastructure of the DBFZ.

Processes for
Anaerobic chemical bio- SmartBiomass-
processes energy sources Heat
and fuels

Catalytic
emission
control

Process monitoring. Chem. biomass Innovative Emission control
simulation, upgrading. solid biofuels, on biogas CHP
flexibilisation, fuel & separation, smart heat/power plants,
efficiency analysis, syngas technologies, engines,
emission reduction technologies, system integration, single room
on biogas plants overall system technology furnaces.
assessment transfer biomass boilers

Systemic contribution of biomass
(across systems)

Biomass potentials, sustainability, market analyses, development of scenarios

Fig. 5 The five research focus areas of the DBFZ
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Highlights of the research focus areas

4.1
SYSTEMIC CONTRIBUTION OF BIOMASS

“STAR-ProBio makes an important contribution to the
development of a sustainable bioeconomy. The project
builds on the numerous existing sustainability certifi-
cation systems for bio-based products and develops
them further. As a result, STAR-ProBio will develop a
consistent set of sustainability criteria and their decid-
ed methodological foundations as well as two compre-
hensive assessment tools for bio-based products and for
policy strategies.”

Stefan Majer, Project Manager

STAR-PROBIO - SUSTAINABILITY TRANSITION ASSESSMENT AND
RESEARCH OF BIO-BASED PRODUCTS

Europe is facing major challenges in terms of increasing scarcity of natural re-
sources, increasing global competitive pressure and continued global population
growth. The development of a sustainable bioeconomy with dynamic, resource-
efficient and competitive sectors is a possible response to these challenges. In
particular, it supports the transition from a fossil-based to a bio-based society.
Bio-based products are an opportunity to promote sustainable economic activity
and environmental protection - a priority of the European growth strategy [1] -
through responsible management with renewable resources in agriculture and
industry. The sustainable use of these resources and the products produced from
them is in turn accompanied by major new challenges. These make it necessary

Systemic contribution of biomass
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to develop and use adequate assessment and monitoring instruments to accom-
pany the process.

The development and use of sustainability assessment systems for bio-based
products is expected to make a clear and evidence-based contribution to the eco-
nomic, social and ecological impacts of bio-based solutions. Systems and instru-
ments for assessing sustainability are therefore also crucial for promoting the
market viability of bio-based products [2], [3]. The STAR-ProBio project (Sustain-
ability Transition Assessment and Research of Bio-based Products) is a joint re-
search and innovation project with 15 partners from 11 EU countries, which deals
intensively with this topic. The project is funded by the European Commission over
a period of three years within the Horizon 2020 programme.

The overall objectives of the project are as follows:

= Development of standards and guidelines for the sustainability
assessment of all types of bio-based products,
= Analysis of measures to support the market introduction
of sustainable bio-based products,
= Analysis of policy elements for the development of a coherent framework
with a level playing field for bio-based and non-bio-based products at EU level,
= Development of a scheme for the sustainability certification
of bio-based products.

STAR-ProBio thus supports the development of an adapted sustainability concept
that enables the comparability of bio-based and non-bio-based products. For this
purpose, gaps in knowledge on sustainability criteria and indicators are identified.
The existing sustainability assessment and certification systems for biomass and
biofuels will be extended to include elements of holistic life cycle assessment

21
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(cradle-to-cradle). To this end, a harmonised approach for ecological (life cycle as-
sessment - LCA) and social life cycle assessment (S-LCA) as well as technical-eco-
nomic life cycle costing (LCC) will be developed. In addition, the introduction of the
adapted assessment instruments developed in the project is supported. Further-
more, the risks of Indirect Land Use Change (ILUC) will be identified and approach-
es for their reduction or avoidance will be demonstrated. At the societal level, the
demand for sustainable bio-based products is to be strengthened. To this end,
STAR-ProBio is conducting extensive analyses to assess preferences, consumer
acceptance and awareness of the sustainable production of bio-based products
among agricultural associations, industry, EU institutions, entrepreneurs and civil
society organisations.

METHODS/MEASURES

The first step of the project was a comprehensive gap analysis?, which helped to
identify missing sustainability criteria and related indicators in existing certifica-
tion systems as well as in technical standards (see Figure 6). This gap analysis
was based on a comprehensive evaluation of the literature on existing certification
systems and standards as well as interviews with numerous international experts.
Based on these results (see e.g. [4]), suitable case studies on bio-based prod-
ucts and their associated value chains are identified. The selected case studies
are based on real marketable examples of bio-based products, such as building
materials, bio-based plastics and fine chemicals. They also focus on the consid-
eration of different utilisation possibilities at the end of the product life [5]. The
results of the gap analysis are used to develop suitable sustainability criteria and
indicators. They are supplemented by a literature search on ecological, social and
technical-economic indicators of bio-based products. Conversely, the case studies
serve to validate the determined quantitative indicators, which are then combined
to form a consistent set of criteria.

1 Majer, S, Wurster, S, Moosmann, D, Ladu, L, Sumfleth, B, Thrén, D (2018): Gaps and Research De-
mand for Sustainability Certification and Standardisation in a Sustainable Bio-Based Economy in the
EU. Sustainability, 10(7):2455.

© STAR-ProBio
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Fig. 6 Methodical approach of Star-ProBio

A core element of STAR-ProBio is the further development of life cycle analysis
methods (LCA, S-LCA and LCC), e.g. the testing of other methods, such as stake-
holder analysis to determine social indicators using participative methods, includ-
ing workshops with stakeholders; resource efficiency analysis of technical-eco-
nomic indicators; market assessment and field trials of sustainability preferences
and expectations of producers and consumers; the Delphi survey of EU member
states to obtain information on the market positioning of bio-based products, etc.
(see Figure 7).

STAR-ProBio‘s main focus is on the development of indicators to reduce the ILUC
risk of bio-based products, based on the further development of existing ap-
proaches in the field of biofuels. The aim is to develop a catalogue of measures
(cultivation practices, production practices) to reduce the demand for land per
unit produced. On the basis of the case studies and the sustainability indicators
developed, a scheme for a comprehensive sustainability assessment system or a
certification system will then be developed. The results achieved are presented to
the public in workshops and guidelines.

MILESTONES/CHALLENGES

As an essential result of the STAR-ProBio project, in addition to a series of indi-
vidual results on sustainability criteria and indicators as well as on the scientific
methods for their operationalisation, a scheme for the integrated, comprehensive
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sustainability assessment of bio-based products will be developed. The prere-
quisite for this is the analysis and combination of ecological, social and economic
indicators, whereby suitable indicators for the respective life cycle analyses as
well as indicators to reduce the ILUC risk are developed. In addition, the develop-
ment of fast-track standards, chain-of-custody tools and criteria for the existing
Ecolabel are expected as concrete results. The harmonisation of the results of the
project with the concept of the Product Environmental Footprint (PEF) and the EU
Ecolabel will increase the usability of the results.

The following further developments are expected in detail:

The integration of a holistic life cycle assessment into the sustainability
certification of bio-based products, in particular by considering cascade use
effects at the end of the product life

Increasing the quality and reliability of the sustainability assessment
instruments applied in practice by taking greater account of social and
economic aspects

Development of universal and quantitative sustainability criteria with
international life cycle data (ILCD [6]) and indicators, taking into account typical
end-of-life scenarios and indirect changes in land use

Accelerating the development of certification, revision of standards and
extension of criteria for labelling bio-based products

Further development of the existing sustainability assessment methodology
of bio-based products to enable consumers to make an informed purchase
decision and to illustrate the advantages of bio-based products over
conventional products.

DBFZ CONTRIBUTION TO THE PROJECT

The DBFZ is significantly involved in the STAR-ProBio project at various points. At
the beginning of the project, the DBFZ provided a gap analysis on existing certifi-
cation systems in the bioeconomy, providing important foundations for the further
course of the project. Based on comprehensive research and the results of expert

© STAR-ProBio
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Fig. 7 The three sustainability dimensions with the most important tools and methods
used in STAR-ProBio

interviews, a comprehensive inventory of available systems and their sustainabil-
ity criteria and indicators was generated. On this basis, it was possible to identify
criteria that have so far been inadequately covered by certification systems or
have been poorly implemented in practice. The legal framework and the end-of-
life processes as well as the necessary standardisation activities are sometimes
described as incomplete. The existing need for research to improve sustainabil-
ity certification and standardisation in a growing bio-based economy was clearly
demonstrated in this gap analysis [4]. The identified gaps and conclusions will be
taken up by the project in the following. The DBFZ is also involved in the further
development of existing approaches for the development of “low iLUC risk” fac-
tors for bio-based products and their integration into sustainability certification
systems. In addition, the analysis of the acceptance of developed indicators and
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the formulation of policy recommendations for the control of future land use fall
within the scope of this project. In addition, the DBFZ is intensively involved in the
development of a scheme for a new sustainability assessment system, which is
the main product of the project. The DBFZ takes a leading position in the devel-
opment of consistent and coherent policy recommendations for the future design
of the political framework of the bioeconomy, taking into account the products
developed in STAR-ProBio. The results of the analysis of existing regulatory and
voluntary frameworks of the sustainability assessment are included. In addition,
the DBFZ participates in the comparison of the developed indicators with the UN
Sustainable Development Goals (SDG)2. Further potential links to the monitoring
of the bioeconomy and its support by the results of STAR-ProBio are being sought.

PERSPECTIVES

As a result, the project provides a kind of toolbox for the development of efficient
and functional sustainability certification systems for bio-based products. This
toolbox is complemented by the fast-track standards for selected bio-based prod-
ucts that are relevant for the European bioeconomy developed within the project.
These can be applied directly after the end of the project. In addition, the results
contribute to policy analysis by determining the correct classification and frame-
work of sustainability certification systems. Furthermore, proposals for specific
regulatory recommendations will be made possible to accompany the efficient
and supportive regulatory framework of bio-based products. This facilitates the
development of a level playing field between different sectors of the bio-based
economy and fossil-based alternatives.

Further information:

2 https://sustainabledevelopment.un.org/?menu=1300
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Sources:

[1] Europaische Kommission (2010): EUROPA and Standardisation in a Sustainable Bio-Based
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ture Opportunities and Developments in the my. Selection Criteria, Bio-Based Value Chain
Bioeconomy. A Global Expert Survey, Berlin. and Stakeholder Mapping. Sustainability,

[3] Scarlat, N, Dallemand, J-F, Monforti-Ferrario, F, 10(6):1695
Nita, V (2015): The role of biomass and bioen-  [6] European Commission, Joint Research Centre,
ergy in a future bioeconomy. Policies and facts. Institute for Environment and Sustainability
Environmental Development, 15:3-34 (2010): International Reference Life Cycle

[4] Majer, S, Wurster, S, Moosmann, D, Ladu, L, Data System (ILCD) Handbook. General guide
Sumfleth, B, Thran, D (2018): Gaps and Re- for Life Cycle Assessment - Provisions and Ac-
search Demand for Sustainability Certification tion Steps, Luxembourg.

THE RESEARCH FOCUS AREA
“SYSTEMIC CONTRIBUTION OF BIOMASS”

The research focus area is intended to contribute to the development of sustain-
able bioenergy strategies at the national and international levels. This entails de-
termining regionally and globally available biomass potentials and examinating
and evaluating the various concepts for biomass utilisation. The overriding goal
is to find methodological and system-engineering solutions to the problems of
efficiency and sustainability of biomass use from an economic, ecological and
technical perspective, taking into account the land resources and the processing
and conversion technologies specific to energy sources. Combining these topics
allows strategies and recommendations for action to be devised for decision-mak-
ers from politics and business.
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“Within the scope of the project ,eMikroBGAA" it was
analysed under which framework conditions small
processing plants make sense and how large the po-
tentials for these plants are. Against the background
of the current framework conditions, very small treat-
ment plants cannot be operated economically. For an
economic operation, either cost reductions of the treat-
ment and feed-in of biomethane or financial incentives
for the implementation of the micro-processing plants
have to be realised’.

Jaqueline Daniel-Gromke, Project Manager

EMIKROBGAA - SUB-PROJECT 2: POTENTIAL ASSESSMENT AND
BUSINESS EVALUATION FOR MIKROBGAA

In Germany, a total of around 8,900 biogas production plants are in operation, of
which the majority are on-site biogas plants (and satellite CHP plants) and around
200 plants with processing technology for the supply of biomethane (as of 2018).
In view of the existing biogas plants and the expiry of the EEG tariff, a technical
conversion from current biogas on-site power plants (VOV) to biogas upgrading
and biomethane injection into the gas grid could represent an option for further
operation.

The aim of the joint project “Efficient Micro Biogas Processing Plants” (eMikroBGAA)
was to answer the question of whether and under what conditions the processing

Anaerobic processes

and injection of comparatively small quantities of biogas is justified primarily from
an economic point of view. In addition, the Germany-wide potential for the eco-
nomically optimised MikroBGAA sites was estimated. The following work packages
were processed in the project by the project consortium (IEE, DBFZ, DBl and dena)
led by Fraunhofer IEE:

Project management (WP 1)

Economic comparison of potential concepts for decentralised
biomethane feed-in (WP 2)

Presentation of further relevant aspects of decentralised
biomethane feed-in (WP 3)

Method development and verification for the estimation of

the MinFlow in gas distribution networks (WP 4)

Potential estimation for eMikroBGAA in Germany (WP 5)
Analysis and evaluation of capacity expansion measures (WP 6)
Business evaluation of the economically optimised MikroBGAA (WP 7)
Actor-based analysis of potential business models (WP 8)
Assessment of barriers and development of solutions (WP 9)
Reporting and publications (WP 10)

METHODS/MEASURES

In sub-project 2, the DBFZ worked on the determination of the specific treatment
costs (WP 2), the compilation of the ecological aspects of decentralised biometh-
ane feed-in (WP 3), the potential assessment at sites in Germany with regard to
potential conversion of VOV plants and construction of new small treatment plants
(WP 5) and the economic evaluation of the economically optimised MikroBGAA
(WP 7). In addition, the following work packages were also carried out:

WP 2: Economic evaluations and comparison of plant concepts with IEE
WP 6: Analysis and evaluation of capacity expansion measures with |IEE, DBI
WP 9: Legal framework for biomethane (barriers, solutions)
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Fig. 8 Biomethane feed-in

Economic comparison of potential concepts for decentralised
biomethane feed-in (WP 2)

For the economic comparison of potential concepts for decentralised biomethane
feed-in, (cost) analyses for combinations of biogas upgrading and biomethane
feed-in plants of fully cost-optimised constellations were determined and evaluat-
ed. For the economic evaluation of the provision of biomethane, costs of manu-
facturers of various biogas upgrading technologies (DBFZ) on the market as well
as costs of plant constructors and planners of biogas feed-in plants (IEE) were
collected. In meetings with operators, planners and (component) manufacturers
of biogas upgrading plants and feed-in plants, the data collected in the project
were completed and verified together with these market players.

Anaerobic processes

Presentation of further relevant aspects of the decentralised biomethane
feed-in (WP 3)

In WP 3, the GHG emissions for the provision of electricity for on-site conversion
(VOV) scenarios of the biogas were presented in comparison to average treatment
plants with 700m3;y./h raw gas in order to determine for which plant constella-
tions a conversion of biogas plants (VOV) for the provision of biomethane is most
sensible from the point of view of the GHG balance.

Potential assessment for eMikroBGAA in Germany (WP 5)

As part of the potential assessment, it was analysed how large the potential for
micro-processing plants in Germany is, taking into account the economic costs
of decentralised biogas feed-in. The estimation included the potential conversion
of existing VOV plants and the available potentials for the construction of micro
treatment plants in Germany. By overlapping the gas network feed-in potentials
(DBI) with the feed-in information for the biogas plant sites in Germany (DBFZ)
and the biomass potentials (DBFZ, DBI), a minimum and maximum potential for
microprocessor plants (MikroBGAA) in Germany was estimated. On the basis of
the biogas plants in Germany and the allocation of the CHP share after evaluation
of the data from the Federal Network Agency (BNetzA), the extent of external heat
utilisation was taken into account in order to filter out which plants are best suited
for retrofitting.

Analysis and evaluation of capacity expansion measures (WP 6)

Based on the results of the “MinFlow+” concept, an expanded concept for in-
creasing gas network capacities, further capacity-increasing measures were in-
vestigated. In addition, parameters relevant for the feed-in such as the pressure
level of the networks (influence on the energy input for the feed-in) and the aver-
age length of the connecting line between the biogas plant and the gas network
were worked out.
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Business evaluation of the economically optimized
MikroBGAA (WP 7)

The MikroBGAA constellations determined in WP 2 were evaluated in WP 7 from
an economic point of view, whereby the costs of a standard treatment plant
(700 m3;./h raw gas) were compared with a capacity of 250 m3;/h raw gas. For
the evaluation of a merger of small biogas plants, the evaluation of a central
treatment by coupling two biogas plants & 250m?3;y/h raw gas was exemplarily
considered.

Evaluation of obstacles and development of solutions (WP 9)

Finally, the obstacle analysis and the derivation of options for action were car-
ried out in order to be able to dismantle possible obstacles that negatively influ-
ence the operation of the MikroBGAA sites, which were identified as economically
meaningful in the overall project.

MILESTONES/CHALLENGES

Depending on the processing capacity, there are significant economies of scale
with regard to processing costs. The manufacturer survey for processing tech-
nologies considered processing capacities of 40 to 3,000m3;y/h raw biogas
and showed specific processing costs of 0.93ct/kWhys to 7.63ct/kWhys (see
Figure 9). The highest treatment costs are incurred by smaller treatment plants
with capacities of less than 200m3;y/h raw biogas. In the range of treatment
capacity between 100 and 125 m®;y/h the treatment costs are between 4.6 and
2.3 ct/kWh, while in the 200-550 m3;y /h range treatment costs between 2.4 and
1.6 ct/kWh are achieved.

The specific investments for all processes under consideration include, in addition
to the investments for the treatment technology, the costs for low-gas aftertreat-
ment, commissioning, approval and planning, ancillary construction costs and,
if necessary, the costs for replacement investments (e.g. to replace the mem-

© DBFZ, 2018
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Fig. 9 Specific costs of raw gas treatment by treatment capacity and process
in ct/kWhys

branes) as well as maintenance and repair costs. All the model cases of small
BGAA feed-in concepts considered show higher specific costs than the reference
cases of larger plant capacities considered when considering the full costs (total
costs of processing and network feed-in) even when feeding into lower pressure
stages. On the basis of the defined boundary conditions, plants with a raw gas
capacity of 250m?3;y/h have higher costs even when fed into natural gas net-
works with lower pressure stages (PN 1, PN 4) than plants with a raw gas capacity
of 700m3;/h when fed into PN 16 networks. A cost parity of the lower capacity
considered here to the conventional reference case considered would thus only
be given if the specific capital-bound costs of the plants with lower capacity were
significantly reduced.

Regardless of the plant size classes considered, the results show that the com-
bination of biogas upgrading plant technology and natural gas network pressure
stage has a relevant influence on the full costs of biogas upgrading and biometh-
ane network feed-in. With regard to the costs for the feed-in, the compression of
the biomethane plays a significant role. Taking into account the costs of process-
ing and feed-in overall, the membrane processes and the pressure water wash
(DWW) in the low pressure stages (1 and 4 bar) are the most cost-effective.
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By overlapping the determined feed-in potentials with the feed-in information on
the biogas plant sites in Germany and the biomass potentials, an estimation of
the possible potential at MikroBGAA sites in Germany was also carried out. The
determined technical biogas potential (2015) is between 155-263 TWhys/a (with-
out or with energy crops). If additional straw potential is taken into account, the
maximum total potential is approx. 284 TWhys/a taking the current biogas pro-
duction into account, more than 1/3 of the biogas potential is currently used for
biogas production.

If the focus - due to the high specific costs for very small treatment plants - is
placed on VOV plants with a rated output of 400 kW, or more and a CHP share
of less than 25 or 50%, conversion to biomethane can be considered for ap-
prox. 1,300 or 2,000 biogas plants with an installed plant output of 900 or
1,320 MW, respectively. This corresponds to a share of 16-24% of the plant
stock or 30-44 % of the total gas production. Further limitations of this potential
must be taken into account on the basis of the determined gas grid feed-in po-
tentials at distribution grid level. The gas grid feed-in potential at the distribution
grid level was determined by DBI at 30-80 TWhys/a and at the transport grid level
at 300-320TWhys/a (cf. WP 4). This feed-in potential was reported by DBI as
“MinFlow” or “MinFlow+” and represents the year-round available capacity in the
gas distribution network for the absorption of biomethane, which is limited by the
small quantities purchased in summer.

Considering the determined network feed-in potentials at distribution network lev-
el, approx. 300-600 biogas plants (VOV) with a total installed capacity of approx.
200-400MWg, can be considered, which, due to their output size (>400 kW,
rated output) and currently low CHP utilisation (<25 or 50 %), can be upgraded
to biomethane (see Figure 10). The predicted decline in gas demand for DBI also
automatically leads to a reduction in biomethane feed-in capacities. According to
DBI analyses, the gas distribution networks will see a reduction in Germany-wide
capacity by approx. 47 % by 2030 compared with 2015, and by approx. 19 % for
regional transport networks.

The results show that significant differences must be taken into account at district
level. Regions in which there is more biomass potential than can be fed into the
gas network occur - but differ from region to region due to the different customer
structures. This means that there are regions in which the biomethane potential

© DBFZ, 2018
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Fig. 10 Comparison of the gas production of biogas plants >400 kW, (rated power) and
CHP share <25 % less the determined gas grid feed-in potentials at distribution grid level
2020 (database: biogas production and CHP share according to BNetzA) 2015, gas grid
feed-in potential according to DBI)

exceeds the feed-in potential. These regions could alternatively be fed into anoth-
er grid level (transport grid), but this would involve higher energy consumption
(e.g. compression to a higher pressure stage). Against the background of falling
gas grid potentials for 2020 and 2030, the results of the overlap will show even
stronger regions without available feed-in potentials. The background to this is the
regional differences in biogas potential on the one hand and the comparatively
low gas network potential in rural areas (with low gas consumption) on the other.
Profitability could therefore probably only be achieved for large plants or by merg-
ing several plants.
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PERSPECTIVES

Against the background of the current framework conditions, micro-processing
plants cannot be operated economically. Low remuneration rates in the EEG 2014
and upper bid limits in the EEG 2017 have led to the fact that the generation of
electricity from biomethane in biomethane CHP plants with high heat utilisation
is only rarely competitive. In addition to the use of biomethane in CHP plants, it is
also possible to sell biomethane to gas traders or use it as a fuel. The proceeds
from the sale of biomethane (e.g. to biomethane traders) are to be negotiated
and depend on the current framework conditions (e.g. plant size, biomethane
sales, traders, marketing skills of the plant operator). If biomethane is marketed
as a fuel, additional revenues can be generated from the inclusion of the biofuel
quota in addition to the prices for natural gas (filling station). While biomethane
based on renewable raw materials was mainly used for sales in the CHP sector,
biomethane as a fuel is mainly produced from waste and residual materials. The
EEG 2017 offers hardly any prospects for the use of biomethane from cultivated
biomass; sales opportunities are currently only seen for biomethane from resi-
dues and waste materials.

For an increased incentive, either cost reductions in the processing and feeding
of biomethane or financial incentives for the implementation of micro-processing
plants should be implemented. Cost reductions with regard to the upgrading of
biogas to biomethane will only be feasible to a limited extent in the future, while
cost savings will be achieved by feeding biogas into the natural gas grid due to the
lack of cost efficiency incentives.

In the research report the factors and conditions under which an economic opera-
tion of micro-biogas treatment plants can be promising were pointed out:

= in the case of low specific investments for small treatment and feed-in plants,

= in the case of selecting the appropriate biogas treatment plant technology for
the pressure stage of the gas network at the site,

= in the case of adapting/improving the regulatory framework,

= in the case of transferring responsibilities - in particular for the compression
of biomethane to feed-in pressure - to the connectee.

Anaerobic processes

Download of the research report (german language):
http://download.fnr-server.de/download.php?file=
979190219_eMikroBGAA_Schlussbericht.pdf
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THE RESEARCH FOCUS AREA “ANAEROBIC PROCESSES*

Processes that use microorganisms to convert biomass under anaerobic condi-
tions are the basis of a large number of biotechnological processes that provide
energy sources and materials for material use. In the research focus area “Anaero-
bic Processes”, flexible and efficient processes are developed primarily for biogas
production in order to meet the requirements of the future energy system. A high-
er added value is achieved by linking them to processes for material recycling. The
research area focuses on the development of tools for process monitoring and
control, concepts for flexible, low-emission plants and operating regimes, meth-
ods for evaluating and optimising efficiency, and methods for maximising material
turnover, especially for difficult substrates.
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“For the development of new, bio-based products, the
conversion steps and separation processes must be
jointly developed. The KomBiChem™ project success-
fully demonstrated and evaluated complete processes
for different wood-based products.”

Arne Grongroft, Project Manager

DEMONSTRATION PROJECT KOMBICHEM®®° - FINE AND PLATFORM
CHEMICALS MADE OF WOOD THROUGH COMBINED CHEMICAL-
BIOLOGICAL PROCESSES - SUB-PROJECT B

The material use of organic residues and waste materials, in particular lignocellu-
lose-containing materials, has been promoted in recent years by various research
initiatives of the German Federal Government in the direction of a bio-based
economy. A major focus is on the development of efficient and integrated pro-
cess chains, so-called biorefineries. They offer an integrated recycling approach
for various processes in order to make all components of lignocellulose usable
and to compete with the petrochemical industry. The demonstration project Kom-
BiChem®?° was dedicated to the material use of residual wood and combined new
approaches from research in integrated biorefinery concepts.

While previous questions were mostly aimed at the conversion of C6 sugars into
derived products or lignin into bio-based aromatics, the hemicellulose fraction
has now also been considered. Besides cellulose and lignin, hemicellulose is one

Processes for chemical bioenergy sources and fuels

Kom Bg’;hemp“’

of the most frequently occurring biopolymers of lignocellulosic biomass, which
is predominantly composed of linked C5 sugar units (pentoses) and partly of C6
sugars (hexoses). For hemicellulose, which occurs in lignocellulose with 20-40 %,
no process paths have yet been developed which would allow a high-quality mate-
rial use and commercial exploitation of this component. This is reason enough to
deal with environmentally friendly conversion processes and purification methods
that can be used to produce organic acids and furans from hemicellulose derived
C5 sugars. When cellulose from the organosolv process is recycled, the focus of
research is now shifting from the previous focus on extracting glucose as a raw
material for fermentation to the extraction of fibres and cellulose. In addition, the
hydrothermal treatment of the lignin fraction from the digestion for the produc-
tion of phenols is being investigated. The starting point for the material use of
lignocellulose residues and waste materials is the fractionation of the starting
materials into their three main components cellulose, hemicellulose and lignin
using a digestion process. One process that has already been implemented and
investigated on a pilot scale at the Fraunhofer Center for Chemical Biotechnologi-
cal Processes (CBP) is the organosolv process. The lignocellulose is broken down
and fractionated using an ethanol/water mixture. While the processing of cellu-
lose into sugars and fibres is already well developed, there is still a considerable
need for research into the hemicellulose and lignin fractions. The following tasks
were carried out at the DBFZ as part of the KomBiChemP®? project:

Hydrothermal conversion of hemicellulose to C5 sugars and furfural
Preparation of recyclables from organosolv hydrolysates
Balancing and holistic evaluation of the developed process chains

For the first two points, comprehensive tests were carried out with a continuously
operated high-pressure flow tube reactor for hydrothermal conversion as well as
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experiments on the adsorption of impurities and filtration of recyclables. The ex-
perimental results then flowed into a final balancing and evaluation.

Xylose and furfural from hemicellulose

In KomBiChemPR°, a hydrothermal process was developed at the DBFZ to con-
vert hemicellulose solution from the organosolv process into high-quality products
such as xylose and furfural [1]. Hydrothermal processes are ideally suited for the
conversion of such aqueous fractions, as water is required as a reaction medium
for such processes. The hydrothermal processes developed at the DBFZ are able
to convert the contained hemicellulose into xylose monomers and then further
convert them into furfural, depending on the process control. While xylose, for
example, can act as a starting material for innovative biotechnological processes
such as the production of xylon and malic acid, furfural is regarded as a basic
chemical on the basis of which a large number of high-quality bio-based products
such as synthetic resins, fuels or synthetic fibres such as elastane (polytetrahy-
drofuran) can be produced.

At the DBFZ, optimal reaction conditions with regard to high product yields, high
selectivities, low waste accumulation and low auxiliary material consumption
were identified in a high-pressure flow tube reactor. With regard to the hemicel-
lulose contained in the solution, xylose yields of over 95 % and furfural yields of
approx. 60 % and 85 % respectively could be achieved with the aid of ethanol as
an additional solvent. The results obtained under laboratory conditions could be
transferred to pilot scale within the framework of the project at Fraunhofer CBP.

Preparation of recyclable materials from organosolv hydrolysates

The recyclables from the hemicellulose solution of the organosolv digestion and
from its hydrothermally converted product solutions were also purified and con-
centrated within the scope of the project. For the separation of products such as
oligo- and mono sugars, furans, organic acids and phenol derivatives the sepa-
ration processes liquid phase adsorption, membrane filtration and preparative

© DBFZ, 2018
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chromatography were investigated. Membrane filtration can be used to separate
different groups of substances such as sugars, organic acids, furans and phenols
due to their different particle sizes. Compared to classical thermal separation
processes, this offers a high potential for energy savings. However, high through-
puts must be achieved and fouling on the membrane must be prevented. For the
investigations, a test rig for membrane screening was used at the DBFZ, which
allows different membrane filtration from microfiltration to reverse osmosis. For
this purpose, a purification cascade for xylose was developed. In the first step, the
lignin and furans could be removed from the hemicellulose solution by adsorption.
The sugars were then concentrated in the solution by membrane filtration. By
selecting a suitable polymeric resin, over 93 % of the lignin and 99 % of the furans
could be removed from the hemicellulose solution [2]. It was also shown that the
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Fig. 11 The adsorption of lignin components and furans prior to ultrafiltration led to a
considerable increase in permeate flux. Alternatively, microfiltration could not confirm
this effect.
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adsorption step can significantly reduce membrane fouling (see Figure 11) [3]. In
the subsequent nanofiltration, an average of 96 % of the xylose could be retained
with simultaneous high permeate fluxes of up to 1201/(m2h). Thus, the xylose
solution could be concentrated up to 120g/I. At the Fraunhofer CBP, the first fer-
mentation tests for the production of malic and xylonic acid could be carried out
with the purified xylose.

Process simulation, cost accounting and sustainability
of plant concepts

Within the scope of the project, complete plant concepts were developed from
the experimentally investigated process steps. These include all processing steps
necessary to manufacture the desired products. Decisions made during the design
phase have a considerable influence on the costs and sustainability of the sub-
sequent operation of a plant. In order to support the targeted development of the
individual process steps, economic and ecological analyses were carried out par-
allel to the project work. The DBFZ established the balancing and dimensioning of
material and energy flows by means of process simulation as an important tool for
the investigation of suitable process chains. Technical analyses can be carried out
and upscaling effects determined at a very early stage of process development.
The results of the balancing served as a basis for cost accounting and sustaina-
bility assessments. Thus, the following technical-economic-ecological parameters
could be calculated for all important products in the project:

Mass and energy flows

Assessment of total investments (equipment costs, indirect costs, etc.)
Raw material, auxiliary and energy costs

Specific production costs incl. allocation of cost categories and sensitivity
analysis with regard to important partial costs

Specific GHG emissions from production

Most important drivers of GHG emissions

Comparison of emissions with reference products

Processes for chemical bioenergy sources and fuels

PERSPECTIVES

Within the framework of the project, technologies for the complete recycling of
wood components were developed. It is unlikely, however, that these technologies
will be used in the combination as they were developed in the project. Rather,
towards the end of the project it was examined which process steps could be
further developed and then, if necessary, applied in other contexts. It played an
important role that raw materials and/or products of the respective process steps
could also be tradable and available as platform intermediates. Therefore, the
following so-called recycling chains were identified in the project, which will be
further developed by the project partners:

Organosolv digestion of wood for the production of lignin and pulp,

with the by-product hemicellulose solution

Production of chemical pulp from organosolv pulp.

Alternatively, an enzymatic hydrolysis of the fibre could be carried out

in order to obtain glucose.

Extraction of bioaromatics from lignin.

The results could also be transferred to lignin from other sources.
Preparation of the hemicellulose solution into xylose or furfural.

The results could also be transferred to hemicellulose solutions from

the steam pretreatment of straw or bagasse for ethanol production.

Malic acid production from xylose and xylonic acid production from xylose.
The origin of xylose plays no role in the fermentation process as long as the
quality requirements and purities are met.

The research activities will be continued in these exploitation chains with the aim
of involving interested industrial partners more strongly in the future.
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Sources:

[1] Kéchermann, J.; Mihlenberg, J.; Klemm, M. isotherms”. Separation and Purification Tech-
(2018). “Kinetics of Hydrothermal Furfural nology (ISSN: 1383-5866), Vol. 209. p. 491-
Production from Organosolv Hemicellulose 502. DOI: 10.1016/j.seppur.2018.07.077.
and d -Xylose”. Industrial & Engineering Chem-  [3] Nitzsche, R.; Grongroft, A.; Kraume, M. (2018).
istry Research (ISSN: 0888-5885), Vol. 57, H. Leistungsbewertung enger Ultrafiltrationsmem-
43. p. 14417-14427. DOI: 10.1021/acs. ie- branen zur Isolierung von Hemicellulose und
¢r.8b03402. Lignin aus Buchenholzhydrolysaten mittels Re-

[2] Nitzsche, R.; Grongroft, A.; Kraume, M. (2019). sponse Surface Methodology. In: Jahrestreffen
“Separation of lignin from beech wood hydro- der ProcessNet-Fachgruppen Fluidverfahren-
lysate using polymeric resins and zeolites: technik, Membrantechnik und Mischvorgénge:
Determination and application of adsorption 27-28 February 2018. p. 60-61.

Further information:
https://kombichempro.de/
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Processes for chemical bioenergy sources and fuels

THE RESEARCH FOCUS AREA “PROCESSES FOR CHEMICAL
BIOENERGY SOURCES AND FUELS”

The research focus area is an integral part of the overall process chains, from the
raw biomass material to biofuels and chemical bioenergy sources as products of
biorefineries. In addition to process and concept development, it also implements
processes on a laboratory and pilot plant scale and assesses technical systems.
The overriding goal is to contribute to flexible, highly efficient and sustainable bi-
orefinery concepts through innovative technology approaches and thus also to
meet requirements in the context of the bioeconomy. Chemical refinement pro-
cesses that focus on hydrothermal processes (HTP) are being further developed
for this purpose. The development of fractionation processes for solid-liquid and
liquid-liquid separation plays a key role linking the individual research focus are-
as (especially in connection with anaerobic processes and HTP intermediates).
Another element of research is the development of synthesis gas processes to
create high-grade products with a focus on biomethane in the form of bio-syn-
thetic natural gas (Bio-SNG). In the short term, a sample HTP-based biorefinery
concept is being developed. To this end, work within the research focus area will
concentrate on (i) the analysis of relevant individual processes and required sys-
tem components, (ii) preliminary tests for selected individual processes (e.g. HTP,
gasification, methanation to SNG) and (iii) the preparation of an accompanying
technology assessment (focus: material and energy balancing, costs and cost-ef-
fectiveness, environmental effects).

Important reference projects and publications

Project: CapAcidy - Bio-based Carboxylid acid Project: HTC-lig - Entwicklung eines hocheffizient-

for chemical industry made of anaerobic fer- en Kaskadenprozesses zur Aufbereitung von
mentation, Federal Ministry of Education Prozesswassern aus hydrothermalen Prozes-
and Research/Project Management Jilich, sen, insbes. der hydrothermalen Carbonisierung
01.07.2017-30.09.2019 (FKZ: 031B0389A) mit Gewinnung von org. Sauren, anschlieender
Project: DEMO-SPK - Research and Demonstra- energetischer Nutzung und Prozesswasserrein-

tion Project on the Use of Renewable Kerosene
at Airport Leipzig/Halle, Federal Ministry of
Transport and Digital Infrastructure (Inhouse),
04.11.2016-30.04.2019

igung, Sachsische Aufbaubank, 01.04.2017-
31.03.2020 (FKZ: 100283030)

Project: Fermenthen - Production of light alkenes

from biogas and excess electricity, Sachsische
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Aufbaubank, 01.10.2016-30.09.2019 (FKZ:
100244827)

Project: BBCHEM - Aufwertung von kohlehy-
drathaltigen Stoffstromen zu bio-basierten
Chemikalien. Teilvorhaben 2: Hydrothermale
Umsetzung, Federal Ministry of Education
and Research/Project Management Jilich,
01.03.2016-28.02.2018 (FKZ: 033RK031B)

Publication: Kéchermann, J.; Gorsch, K.; Wirth,
B.; Mihlenberg, J.; Klemm, M. (2018). “Hydro-
thermal carbonization: Temperature influence
on hydrochar and aqueous phase composition
during process water recirculation”. Journal of
Environmental Chemical Engineering (ISSN:
2213-3437), Vol. 6, H. 4. p. 5481-5487. DOI:
10.1016/j.jece.2018.07.053.

Publication: Kroger, M.; Klemm, M.; Nelles, M.
(2018). “Hydrothermal Disintegration and Ex-
traction of Different Microalgae Species”. En-
ergies (ISSN: 1996-1073), Vol. 11, H. 2. DOI:
10.3390/en11020450.

Publication: Matthischke, S.; Roensch, S.; Guttel,

R. (2018). “Start-up Time and Load Range for
the Methanation of Carbon Dioxide in a Fixed
Bed Recycle Reactor”. Industrial & Engineer-
ing Chemistry Research (ISSN: 0888-5885),
Vol. 57, H. 18. p. 6391-6400. DOI: 10.1021/
acs.iecr.8b00755.

Publication: Schneider, J.; Struve, M.; Trommler,

U.; Schllter, M.; Seidel, L.; Dietrich, S.; Ronsch,
S. (2018). “Performance of supported and
unsupported Fe and Co catalysts for the di-
rect synthesis of light alkenes from synthesis
gas”. Fuel Processing Technology (ISSN: 0378-
3820), H. 170. p. 64-78. DOI: 10.1016/y.
fuproc.2017.10.018.

Publication: Zech, K.; Dietrich, S.; Reichmuth, M.;

Weindorf, W.; Mdller-Langer, F. (2018). “Tech-
no-economic assessment of a renewable bio-
jet-fuel production using power-to-gas”. Applied
Energy (ISSN: 0306-2619), H. 231. p. 997-
1006. DOI: 10.1016/j.apenergy.2018.09.169.
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“In the ‘DRALOD’ project, an industrial-scale plant is to
be built that uses an intelligent combination of renewa-
ble energies (solar and bioenergy) to dry waste from a
large number of food processing industries in a sustain-
able, climate-friendly and economical way. Through
the development of an intelligent system controller,
the complex system is to be optimally operated in com-
pliance with ecological, operational and economic re-
quirements.”

Daniel Biichner, Project Manager

RENEWABLES-BASED DRYING TECHNOLOGY FOR COST-EFFECTIVE
VALORISATION OF WASTE FROM THE FOOD PROCESSING INDUSTRY -
DRALOD

One-third of the food produced in Europe is not consumed and waste occurs at all
stages of the supply chain, with 39 % generated in manufacturing processes. The
EU27 annually generates 90 million tonnes of food waste, implying a major envi-
ronmental problem, not only in terms of resource efficiency, also because each
tonne of food waste corresponds to two tonnes of CO, emission, in average. [1]
Consequently, lowering the environmental impact of food production is an integral
part of the EU Action Plan for the Circular Economy.

SmartBiomassHeat

DRALCID

[2] Experts have highlighted the need for generation of food waste valorisation
and re-use strategies to produce higher value and commercial products rather
than conventional food waste processing (incineration and composting), thus al-
ternative processes leading to a higher adoption of circular economy strategies by
the food processing sector. Therefore, this project identifies an excellent opportu-
nity in promoting the valorisation for reuse of certain wastes from the food and
drink processing industry, characterised by:

The use of raw materials with a high content of water (>80 %), which has
traditionally been a drawback for reuse, since this type of waste (i) has a

very rapid fermentation and degradation and (ii) is enormously inefficient for
transport and storage.

Raw materials containing highly valuable nutritional ingredients are maintained
in their natural strucutre by using low temperature drying.

Waste from a large variety of food processing industries meet these criteria, in-
cluding the brewery (high protein content in Brewers’ spent grain [3]), the fruit
juice (phenolic and antioxidant compounds in skin and seeds [4,5]) or the olive
oil (phenolic and antioxidant compounds in olive pulp and pits [6]), among other
sectors. However, the enormous potential of this market remains untapped due to
the following main limitations:

Lack of cost-effective technology: In particular, the high operational costs
when using materials with a high content of water and a low market price are
presenting an obstacle to an economic plant operation.

Lack of environmentally sustainable solutions: Drying processes are highly
energy consuming. If based on fossil fuels, they negatively affect the climate
and the environment.
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Lack of scalability: The application of renewable energies for the drying process
has been demonstrated with solar and hybrid plants with respect to sewage
(municipal waste) since the enormous market size has made technology
progress feasible. Such scalability has not yet been achieved in the segment of
food waste valorisation.

Thus, the overall objective of this project is to build a drying plant (herein labelled
DRALOD plant) using a smart combination of solar and biomass renewable ener-
gies to dry waste materials from a variety of food processing industries in a sus-
tainable, ecological and economical way. The dried products can be commercial-
ised for the extraction of functional components by the pharmaceutical industries,
as well as for animal feeding.

METHODS/MEASURES
To meet the project objectives, the project is structured within several subtasks:

To design, implement and validate an energy recovery system, optimised to
DRALOD plant’s requirements.

To implement a biomass heating system with high flexibility concerning both
fuel quality and mode of operation to enable low operational costs as an
auxiliary heat source.

To design, implement and validate a proprietary smart controller unit, enabling
an optimal and continuous drying operation with the solar biomass system as
heat supplier.

To commission a DRALOD pilot plant with a drying capacity of 35,000 tons a
year and to run the demonstrator for a period of at least six months.

For this, DBFZ analyses of the thermodynamical interaction of the subsystems
(solar, biomass and energy recovery units), as a function of temperature and pres-
sure levels, solar radiation including daily, weekly and seasonal fluctuations, and
drying capacity will be performed. A flow sheet calculation will be performed using
the software Aspen. In addition to considering stationary operating conditions,
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specific dynamic process conditions will also be simulated. This includes in par-
ticular the fluctuation in solar radiation and other changes of conditions during
plant operation such as drying capacity. Therefore, possible challenges in the de-
sign, troubleshooting and optimisation of the plant as well as the conduction of
case studies to assess the impacts of process modifications can be evaluated, to
provide the basis for the design of the DRALOD plant.

Based on this, a suitable control strategy enabling the optimal and continuous
plant operation with various and fluctuating renewable energy sources. The re-
sulting control algorithm can then be implemented in the drying plant. Therefore,
Matlab/Simulink will be used in combination with Aspen for modelling, simulating
and analysing the multi-domain dynamic system. The optimisation is aimed to
minimise the additional use of biomass and to ensure a sufficient heat genera-
tion, making use of weather forecast for the determination of the appropriate op-
erating periods for the biomass boiler. The hardware implementation of the smart

© 2018 DRALOD Consortium
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system control unit will be conductet in close cooperation with the project partner
Pernia. Afterwards, the models will be validated based on operational data of the
installed and operated plant, enabling a validated simulation tool for optimisation
of the smart control system.

MILESTONES/CHALLENGES

DRALOD plant offers a sustainable, effective and low-cost way for the valorisation
and the reuse of the wastes from food processing industry by using the smart
combination of solar and biomass energies. However, the development of such a
system, which includes different subsystems and many parameters, brings some
challenges along. One of the important aspects of the DRALOD drying plant will
be its ability to achieve drying waste materials with high moisture content of up
to 80% using a dryer operated at low temperatures. Thus, the overall process is
slower when undertaken at low temperatures. In addition, maximum air outlet
temperature and the water evaporation rate are some of the process limitations.
Therefore, achieving the desired moisture content of the product considering the
low temperature process limitations stands as one of the challenges.

On the other hand, DRALOD drying plant aims to use the solar energy as the pri-
mary source (>50%) in the drying process with a back-up including a biomass
heating system (with a nominal heat capacity of approx. 1 MW). Therefore, the de-
sign, implementation and validation of the smart controller unit for the combined
solar-biomass drying process constitutes as one of the other difficulty. The aim of
designing the smart controller unit is the optimisation of solar-biomass combina-
tion in the energy mix while preserving the critical parameters such as uniform-
ity, elimination of the pathogens, preservation of the nutrients etc. for quality of
the dried product. Therefore, such a smart controller unit needs to optimize the
complex multi-criteria model to take into account environmental, operational and
financial aspects that can be summarised as follows:

Up-front investment (solar air heater, biomass heating system, energy recovery
system, dryer, auxiliary systems)

Operational costs (electricity consumption, biomass fuel, labor work,
maintenance)

SmartBiomassHeat

Drying capacity (average air temperature, temperature fluctuations, average
drying air flow rate, average drying time)

Emissions and ashes produced from biomass heating system, electricity
consumption by air ducting system.

In addition, as the back-up system of the DRALOD plant, especially for the cas-
es in which the energy from the solar walls are not fulfilling 100% of the heat
requirements, the biomass heating system becomes the other important compo-
nent of the process. Considering the main target of the DRALOD drying plant is
to bring sustainable and cost-effective technologies together, the selection of the
biomass feedstock for the heating system becomes an important aspect. A bio-
mass heating system, which enables high flexibility in the selected fuel types, fuel
quality, and mode of operation (full and part load, dynamic operation behaviour)
is planned to be adapted with low operational costs.

PERSPECTIVES

DRALOD pilot plant, as a technology demonstrator and showroom, will also be
used after launch for a sustained improvement of the process and expansion to
new food processing segments, e.g. to test new plant configurations and new
equipment integration, as well as to assess different drying parameters for several
types of waste. The pilot plant offers flexibility to be reconfigured, versatility to use
the dryer for different types of products and full availability to be shown to poten-
tial customers, investors and funding bodies. As a European flagship technology,
the plant is open to visitors.

By enabling a game-changer solution that brings cost-effectiveness to the revalori-
sation of food-processing waste, using environmental friendly technology, this pro-
ject will create a new market. The increasing exploitation of food wastes/by-prod-
ucts for the recovery of added-value compounds is the new market and drives the
demand for DRALOD plants by reinforcing the basis of DRALOD’s business case:
(i) it continuously widens the market for DRALOD plants; (ii) it supports, or even
increases, the price of DRALOD outputs; (iii) ultimately, it increases DRALOD’s
profitability for our target customers.
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Further information:
www.dralod.com

Sources:

SmartBiomassHeat

THE RESEARCH FOCUS AREA “SMARTBIOMASSHEAT”

The focus is on small-scale, renewable heat supply to individual buildings and
small groups of buildings up to village communities using other renewable ener-
gy sources and cross-linking intelligent heating technologies based on biomass
originating primarily from residual materials, by-products and waste. The aim is

[1] Mirabella, N., Castellani, V., & Sala, S. (2014).
Current options for the valorization of food

ing apple peel, as a source of polyphenols and
dietary fiber. J Food Sci 75, H172-81

manufacturing waste: a review. Journal of [5] Viuda-Martos, M., Fernandez-Lopez, J.,

Cleaner Production, 65, 28-41. Sayas-Barbera, E., Sendra, Esther, Perez-Al-
[2] http://eur-lex.europa.eu/legal-content/ varez, J. a., 2011. Physicochemical Charac-

EN/TXT/PDF/?uri=CELEX:52015DC0614& terization of the Orange Juice Waste Water of

from=EN a Citrus By-Product. JFood Process Pres 35,
[3] Lynch, K. M., Steffen, E. J., & Arendt, E. K. 264-271.

(2016). Brewers' spent grain: a review with an [6] Uribe, E., Lemus, R., Vega, A., Lopez, L. a.,

emphasis on food and health. Journal of the
Institute of Brewing.

Henriquez, C., Speisky, H., Chiffelle, 1., Valen-
zuela, T., Araya, M., Simpson, R., Aimonacid, S.,
2010. Development of an ingredient contain-

[4

Pereira, K., Lopez, J., Ah-Hen, K., Scala, K.,
2012. Quality Characterization of Waste Olive
Cake During Hot Air Drying: Nutritional Aspects
and Antioxidant Activity. Food Bioprocess
Tech 6, 1207-1217.

Project summary

Project partners:

Scientific contact:
Project number:
Funding body:
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Duration: 01.08.2018-31.07.2020
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Horizon 2020/Fast Track to Innovation
(H2020-EIC-FTI-2018-2020)

to make optimal use of all renewable heat sources, both technologically and eco-
nomically, through the flexible and demand-based use of biomass-based heating
technologies. For this purpose, the entire chain must be mapped, examined, sim-
ulated and optimised individually and collectively, from the refining of biomass fu-
els, to new conversion plants and integration into the heat and electricity network
of the biomass heating systems that will also be designed as heat, power and
cooling plants in the future. It will require the development of technical compo-
nents and related control research and development in order to achieve efficient,
environmentally friendly, economical, safe, demand-based, flexible and sustaina-
ble (smart) operation via flexible operation (including micro- and small-scale CHP).

Further information:
www.smartbiomassheat.com

Important reference projects and publications

Project: REFAWOOD - ERA-NET Bioenergy: Res-
sourceneffiziente Brennstoffadditive zur Verrin-
gerung der verbrennungstechnischen Probleme
bei der Rest- und Gebrauchtholzverbrennung,
ERANET/Agency for Renewable Resources e.V.,
01.04.2016-31.03.2019 (FKZ: 22404215)

Project: STEP - Verwertung strohbasierter Ener-
giepellets und Geflligelmist in Biogasanlagen
mit warmeautarker Garrestveredlung; Teil-
vorhaben: Verbesserung der Verbrennung-
seigenschaften projektspezifischer Garreste,
Federal Ministry for Economic Affairs and En-
ergy/Project Management Jilich, 01.08.2016-
31.01.2019 (FKZ: 03KB116B)

Project: Dampf-KWK - Entwicklung eines
Klein-KWK-Dampfmotors zur Nachristung von

Feuerungsanlagen im mittleren Leistungs-
bereich, Federal Ministry for Economic Af-
fairs and Energy/Project Management Julich,
01.07.2016-30.06.2019 (FKZ: 03KB118A)

Project: UFOKFA - Evaluierung der 1. BIm-
SchV von 2010 - Evaluierung der 1. Novel-
le der 1. BImSchV von 2010, Marktprojekt,
01.12.2017-31.10.2018

Publication: Acikkalp, E.; Zeng, T.; Ortwein, A;
Burkhardt, H.; Klenk, W. (2018). “Exergy, Exer-
goeconomic and Enviroeconomic Evaluation
of a Biomass Boiler-Steam Engine Micro-CHP
System”. Chemical Engineering & Technology
(ISSN: 0930-7516), Band 41, H. 11. p. 2141-
2149. DOI: 10.1002/ceat.201800041.

Publication: Pollex, A.; Zeng, T.; Khalsa, J. H. A;;
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Erler, U.; Schmersahl, R.; Schoén, C.; Kuptz, D,;
Lenz, V.; Nelles, M. (2018). “Content of potassi-
um and other aerosol forming elements in com-
mercially available wood pellet batches”. Fuel
(ISSN: 0016-2361), H. 232. p. 384-394. DOI:
10.1016/j.fuel.2018.06.001.

Publication: Zeng, T.; Pollex, A.; Weller, N.; Lenz,

V.; Nelles, M. (2018). “Blended biomass pellets
as fuel for small scale combustion applianc-
es: Effect of blending on slag formation in the
bottom ash and pre-evaluation options”. Fuel
(ISSN: 0016-2361), H. 212. p. 108-116. DOI:
10.1016/j.fuel.2017.10.036.

Publication: Sedimayer, I.; Arshadi, M.; Hasling-

er, W,; Hofbauer, H.; Larsson, I.; Lénnermark,
A.; Nilsson, C.; Pollex, A.; Schmidl, C.; Stelte,
W.; Wopienka, E.; Bauer-Emhofer, W. (2018).
“Determination of off-gassing and self-heating
potential of wood pellets: Method comparison
and correlation analysis”. Fuel (ISSN: 0016-

2361), Vol. 234. p. 894-903. DOI: 10.1016/].
fuel.2018.07.117.

Publication: Kohler, H.; Ojha, B.; lllyaskutty, N.;

Hartmann, |.; Thiel, C.; Eisinger, K.; Dambacher,
M. (2018). “In situ high-temperature gas sen-
sors: Continuous monitoring of the combustion
quality of different wood combustion systems
and optimization of combustion process”.
Journal of Sensors and Sensor Systems (ISSN:
2194-8771), Band 7, H. 1. p. 161-167. DOI:
10.5194/jsss-7-161-2018.

Publication: Purkus, A.; Gawel, E.; Szarka, N.; Lau-

er, M.; Lenz, V.; Ortwein, A.; Tafarte, P.; Eichhorn,
M.; Thran, D. (2018). “Contributions of flexible
power generation from biomass to a secure and
cost-effective electricity supply: a review of po-
tentials, incentives and obstacles in Germany”.
Energy, Sustainability and Society (ISSN: 2192-
0567), Band 8, H. 1. p. 18. DOI: 10.1186/
$13705-018-0157-0.
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“The ,GASASH' project aims to develop a fuel-flexible
overall process for the recycling of ash-rich agricultural
residues. For an overall process development from
gasifier and CHPE, both product gas quality and CHP
emissions must be optimised and recycling possibilities
for the ashes must be investigated.”

Thomas Schliermann, Project Manager

GASASH - THERMO-CHEMICAL CONVERSION OF RESIDUES IN A
GASIFIER CHP PLANT WITH COUPLED ASH UTILISATION - SUB-PROJECT
DBFZ: INVESTIGATIONS ON PRODUCTGAS QUALITY, CHP EMISSIONS,
EMISSION REDUCTION MEASURES AND ASH UTILISATION

Innovative and sustainable process concepts for the management and use of
large quantities of waste and residual materials represent a major global chal-
lenge and a high usable potential. There is a particular need for innovative recy-
cling strategies in the area of ash-rich residual materials with a complex spectrum
of contents.

For this reason, the project aims to use large quantities of fermentation residues
and rice husks for combined energetic-material use. The aim of the project is to
develop a new variant based on the gasifier CHP developed to market maturity
by the project partner LiPRO for wood chips with regard to a temperature flexible
operation and a wide range of usable biomasses and to be able to operate the
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temperature-flexible operation
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Fig. 13 Overall process scheme for the energetic and material use of ash-rich
agricultural residues

gasification flexibly, especially with regard to temperature. The aim is to achieve
an amorphous formation of more than 95 % SiO, husk ash with regard to the resid-
ual material rice husks and to prevent undesired crystallisation. Such amorphous
husk ashes (so-called biogenic silica) represent a valuable material which is used
in a variety of chemical products in different industries. The further development
of the LiPRO plant includes ash recycling possibilities. A carbon- and slag-free full
ashing should be achieved and the ashes obtained should be investigated by a
comprehensive analysis of the recyclable materials. In the process, the highest
possible ash utilisation in the chemical industry, e.g. as adsorbent, catalyst or
catalyst carrier, will be tested.

Gasification at temperatures <800 °C and the use of alternative and ash-rich bi-
omasses have an influence on the thermo-chemical conversion processes, the
composition and quality of the product gas as well as on CHP emissions. The
process management should be further developed in such a way that tars in the
product gas are prevented and a deteriorating emission spectrum and/or level of
the CHP exhaust gas (e. g. benzene is to be mentioned here) can be counteracted
by operational changes and oxidation catalysts. Figure 13 shows the overall pro-
cess diagram.

In detail, the project partners pursue the following subgoals:

© DBFZ, 2018
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University of Applied Sciences of South Westphalia

Evaluation of the LiPRO gasification plant with regard to the process
parameters that are essential for a tar-free gas in temperature flexible
operation. Parameter variation to determine the effects of the use of alternative
biomass (rice husks, fermentation residues) on pyrolysis, tar degradation and
turnover. Exemplary description of process and heat transport.

Adaptation of the plant and the process control for tar degradation in
gasification in temperature flexible operation with fermentation residues or rice
husks. Evaluation of the admixture of wood chips with regard to the necessity
of partial oxidation and catalytic tar decomposition.

Evaluation of the operation of the demonstration plant in temperature flexible
operation with alternative biomass and biomass/wood mixtures.

DBFZ gGmbH

Evaluation of material recycling possibilities by comprehensive structural and
physico-chemical characterisation of the ashes produced: e.g. crystallinity/
amorphicity, specific surfaces and pore volumes, surface chemistry,
ingredients, loss on ignition, proportion of elemental and organically bound
carbon.

Determination of the catalytic properties of the ashes with regard to their
application as adsorbent, catalyst or catalyst carrier.

Investigation and evaluation of ash preparation and shaping processes.
Determination of the composition of the gasifier product gas and determination
of the tar and dust load at the LiPRO gasification plant at different times of the
optimisation phase or depending on the properties of the different residual
materials.

Evaluation of the emissions in the CHP flue gas at different times of the
optimisation phase or depending on the waste materials used.

Investigations on reduction measures (e.g. with regard to benzene) by using
oxidation catalysts in laboratory measurements (on the model exhaust gas) or
on the operational plant.
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LiPRO GmbH

Development of a gasifier CHP plant (plant size: nominal capacity of 33 kW,
and 70 kWy, gross) for alternative fuels: rice husks and fermentation residues
Test operation in temperature flexible operation

Developments to prepare the market launch (one to two years after project
completion) of a temperature flexible gasifier CHP plant, suitable for a wide
range of biomass by construction, testing and validation of a prototype.

METHODS/MEASURES

The DBFZ takes over the coordination of the project. In addition, the project fo-
cuses on ash utilisation, determination of product gas quality and CHP emissions,
emission reduction measures, market research and economic feasibility studies.
The University of Applied Sciences of South Westphalia focuses on the develop-
ment of two-stage gasification towards a suitable operation for ash-rich fuels -
both experimentally and by means of model descriptions of the processes. LiPRO
GmbH is responsible for the development of the individual components as well
as the complete gasifier CHP demonstration plant for high ash fuels and carries
out market analyses and economic feasibility studies with regard to the planned
market launch.

The development of the gasifier CHP plant for ash-rich residual materials initially
requires a comprehensive analysis of the status quo of the existing plant in oper-
ation with wood chips (see Figure 14). By means of an extended comprehensive
measurement data acquisition all necessary data for the preparation of the mass,
material and energy balance for this reference condition are determined. By de-
termination of the product gas composition, the tar load (local and temporal),
the dust content in the product gas and the particulate and gaseous emissions
in the CHP flue gas as well as the resulting rust and filter ashes, a complete de-
scription of the existing plant in reference operation results. Finally, the design
of the demonstration plant can take place in the interplay of laboratory tests un-
der changed process conditions as well as tar degradation, the model process
description and the validation of selected plant modifications. Of particular im-

Catalytic Emission Control

Fig. 14 Project employees in front of the operational plant “LiPRO HKW30” of the
company LiPRO Energy GmbH

portance are questions on the effectiveness of tar degradation at lower process
temperatures and new structural developments to be carried out, e. g. due to the
changed pieceiness of the ash-rich fuels or due to the desired temperature-flexi-
ble operation and the necessity of ash utilisation.

In cooperation with the Institut fur Nichtklassische Chemie at the University of
Leipzig, the ashes are investigated with regard to their structural, chemical, phys-
ical and catalytic properties. This is especially necessary for the SiO-rich rice
husk ashes, as their utilisation possibilities strongly depend on structure sizes
such as purity, amorphousness, specific surface and porosity. Forming processes
are also being tested on these silica-rich ashes, and potentially further property
modifications by chemical ash preparation processes are planned. The design of
the catalyst in the CHP exhaust gas requires activity measurements with model
gases approximating the CHP exhaust gas. The laboratory reactors for powder
catalysts (KDA) and monolithic catalysts (VGA) available at the DBFZ are used
to determine and realize the necessary oxidation rates at the highest possible
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space velocities. The development of the monolithic catalyst for the operational
plant takes place under consideration of the mass and heat transport under
approximate practical conditions with regard to temperature and flow charac-
teristics. There, catalytic activity and phenomena of catalyst ageing are investi-
gated under practical conditions. After LiPRO has implemented the plant design
required for temperature flexible operation with ash-rich residual materials in
the demonstration plant and integrated it into the corresponding periphery, the
final test is carried out using the ash-rich fuels in continuous test operation. In
order to be able to respond early to changing markets and requirements as well
as to regulations during the course of the project, market research is carried out
in parallel and the overall process to be developed is examined from the point of
view of economic efficiency.

MILESTONES/CHALLENGES

A central challenge is the transfer of pyrolysis/gasification from wood chips
to fermentation residues or rice husks. Due to their different piece size and
chemical composition, issues such as slagging, tar formation, crystallisation
processes, changes in product gas composition or entrained particles receive a
different weighting and must be taken into account, e. g. through process adap-
tations or new developments in equipment. A transfer to the more complex fuels
(structure, constituents) must also take place here in the model description of
the processes taking place (e. g. heat transfer, pyrolysis/gasification). Parameter
variations in laboratory experiments should support this. Central further ques-
tions are additional effects of the necessary scale increase or of another form
factor of the reactor to be considered (laboratory vs. operational plant). Through
the development of the process, an ash should also be obtained which can be
used as a valuable material in different industries, depending on the properties.
Questions such as heavy metal contamination, high impurities, crystalline or
insufficient pore volumes or specific surfaces are decisive here. A higher value
ash utilisation may be possible after an adaptation of the process conditions or
by a tailor-made ash treatment. It must be ensured that emission limit values
are adhered to, which vary depending on the target market, but in all cases

Catalytic Emission Control

are likely to be further tightened in the future. This requires the use of reduc-
tion measures in order to obtain an environmentally friendly process. Overall, a
process must be developed that meets technical and environmental as well as
economic requirements.

PERSPECTIVES

After the successful completion of the research project, a plant for the thermal uti-
lisation of residual and waste materials for coupled electricity and heat generation
is to be developed, tested and validated under consideration of economic viability
considerations in order to enable the supply of neighbourhoods and commercial
enterprises. On the basis of a detailed emission-related evaluation of the process,
an environmentally friendly energetic utilisation of the residual materials will be
possible. By using the process, low-emission generation of electricity and heat
(CHP) from biogenic residues and waste materials is to be made possible while
complying with existing and future limit values. The developed process should
also be flexible with regard to the fuel used and - if rice husks are used as fuel -
enable the generation of ash with a high silicon dioxide content, which can be
used as a chemical raw material in adsorption and catalysis due to its structural
properties (high mesopore volume, amorphous SiO,).

The refinement of the model descriptions of the central processes made possi-
ble by the design and validation of the demonstration operation allows a further
scaling of the plant size in perspective, so that further markets can be opened
up. The knowledge gained on the basis of different residual materials as fuel dur-
ing the development of the catalyst leads to a much deeper understanding of
the necessary requirements for the catalyst and it's ageing behaviour in the real
CHP flue gas. Finally, the use of decentralised CHP plants can also contribute
to demand-oriented power generation for balancing fluctuating wind and solar
energy, since the plants can be operated flexibly in the small and medium output
range while at the same time being highly environmentally friendly. Thus, there is
a potential for a broad application of the plant development with corresponding
positive economic effects through the coupled climate-neutral energy generation
and utilisation of the resulting ashes.
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Project summary

Duration: 01.09.2018-30.08.2020

Project partners: Deutsches Biomasseforschungszentrum (DBFZ)
(Subcontractor: INC, Leipzig), University of Applied Sciences
of South Westphalia, LiPRO Energy GmbH

Scientific contact: Thomas Schliermann

Project number: 03KB139A

Funding body: Federal Ministry for Economic Affairs and Energy/
Project Management Jilich
(Funding program “Biomass Energy Use”)

Supported by:

@ Federal Ministry e

for Economic Affairs f P A 8 "

and Energy Pt J .+ o" Biomass
T i \ 1 4 ‘ energy use

on the basis of a decision
by the German Bundestag

THE RESEARCH FOCUS AREA “CATALYTIC EMISSION CONTROL”

The objective of this research focus area is to investigate catalytic emission reduc-
tion in combustion plants for gaseous, liquid and solid bioenergy carriers on solid
state catalysts. The focus is on the catalytic reduction of combustion emissions
of methane (CH,), volatile organic compounds (NMVOC), semi- and low-volatile
hydrocarbons, such as polycyclic aromatics (PAK), polychlorinated dioxins and fu-
rans (PCDD/PCDF), soot particles (black carbon) and nitrogen oxides (NOx). These
pollutants are significantly reduced by using integrated catalytic processes on the
exhaust gas end. The aim is to develop catalysts and processes that enable the
combustion of bioenergy sources that is practically emission free and thus envi-
ronmentally friendly.

Project: Vollkat - Labortechnische Untersuch-

ungen zur Entwicklung eines keramischen
Vollkatalysators fir Biomassefeuerungen -
1. Phase,, Deutsche Bundesstiftung Umwelt,
01.01.2018-31.12.2018 (FKZ: 32996/01-
24/0)

Project: Bio-Mini - Verbundvorhaben: Entwick-

lung einer marktnahen emissionsarmen Bio-
masse-Kleinstfeuerung fur Niedrigenergie- und
Passivhauser; Teilvorhaben 1: Feuerungstech-
nische Entwicklung (Gesamtkonzept) und Char-
akterisierung einer Biomasse-Kleinstfeuerung
fur Niedrigenergie- und Passivhauser,, Fed-
eral Ministry of Food and Agriculture/Agency
for Renewable Resources e.V. 01.10.2017-
30.09.2019 (FKZ: 22025816)

Project: SCRCOAT - Optimierung u. Validierung

von Verfahren zur kombinierten Reduktion von
Feinstaub u. sauren Schadgasen an Biomasse-
feuerungen;  Teilvorhaben:  Experimentelle
Untersuchungen zur Kombination von SCR- u.
Precoatverfahren an einem Gewebefilter,, Fed-
eral Ministry for Economic Affairs and Energy/
Project Management Jilich, 01.09.2017-
31.08.2020 (FKZ: 03KB135A)

Project: Kleinmotoren - Entwicklung eines ef-

fizienten Abgasbehandlungssystems fur
Dieselmotoren der Leistungsklasse <19kW
bei Einsatz kohlenstoffreduzierter Kraftstof-
fe, Séachsische Aufbaubank, 01.08.2016-
01.07.2019
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Important reference projects and publications

Publication: Grimm, A.; Enke, D.; Roppertz, A;

Hartmann, I.; Frie, M. (2018). Synthesis of rice
husk silica supported base metal catalysts for
exhaust gas treatment. Poster presented: DBFZ
Annual Conference, Leipzig, 19.-20.09.2018.

Publication: Hartmann, |.; Glnther, S. (2018),

“Emission measurement data of a wood log
stove with an integrated two-stage catalytic
converter module”, Mendeley Data, v1. http://
dx.doi.org/10.17632/2xcpbrytgw.1

Publication: Kohler, H.; Ojha, B.; lllyaskutty, N.;

Hartmann, |.; Thiel, C.; Eisinger, K.; Dambacher,
M. (2018). “In situ high-temperature gas sen-
sors: Continuous monitoring of the combustion
quality of different wood combustion systems
and optimization of combustion process”.
Journal of Sensors and Sensor Systems (ISSN:
2194-8771), Vol. 7, H. 1. p. 161-167. DOl
10.5194/jsss-7-161-2018.

Publication: Konig, M., Eisinger, K., Hartmann,

I., Mduller, M.: Combined removal of particu-
late matter and nitrogen oxides from the ex-
haust gas of small-scale biomass combustion,
Biomass Conv. Bioref. (2018). https://doi.
org/10.1007/s13399-018-0303-0

Publication: Miller, M.; Schenk, J. (2018). Smart

Bioenergy: new developments for energetic
and integrated material use of biomas. Lecture
given: 4th National Scientific Conference “Re-
newable Energy Sources: Theory and Practice”,
Opole (Poland), 10.10.2018.
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Dr. rer. nat. Ingo Hartmann
Phone: +49 (0)341 2434-541
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5
COOPERATIONS AND
NETWORKS

Cooperations and networks

R&D-COOPERATIONS WITH THE LOCAL ECONOMY

The research and development work (R&D) of the DBFZ is carried out in close
cooperation with partners from industry and other research institutions. This en-
sures the necessary practical relevance, access to important market information
and a focus on innovative and feasible solutions. In cooperation projects with
industry, the DBFZ guarantees a neutral and holistic view and approach in order to
be able to fully contribute its scientific expertise to market-oriented R&D projects.
Especially in third-party funded projects a strong participation of the company is
the rule. For this purpose, the five research focus areas of the DBFZ have national
and international networks with R&D-driving companies as well as industry-rele-
vant networks from the bioenergy sector at their disposal.

Fig. 15 The expansion of cooperations and networks is an essential part of the work at
the DBFZ
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NETWORKS AND RESEARCH ALLIANCES

The DBFZ is a member of numerous scientific networks and research alliances
related to bioenergy and bioeconomy. The strong networking within the research
landscape is of essential importance in order to meet the complex challenges of
the energy and raw materials revolution to be able to provide comprehensive and
sustainable solutions.

In addition to the existing national networks, international activities with IEA Bio-
energy were expanded in 2018. Here, scientists of the DBFZ have been active as
“National Team Leaders” in a total of five working groups (Tasks) since the begin-
ning of 2019. The IEA Bioenergy was founded in 1978 by the International Energy
Agency (IEA). It pursues the objective, cooperation and exchange of information
between countries which have national programmes for research, development
and use of bioenergy. The International Energy Agency acts as energy policy advi-
sor to 28 Member States and the European Commission in order to ensure relia-
ble, affordable and clean energy for their citizens.

IEA Bioenergy

[=N

Network activities of the DBFZ can be found in the following research
alliances:

Renewable Energy Research Association - FVEE
BioEconomy Cluster

BMWi Research Network Bioenergy/Funding Programme
“Biomass Energy Use”

Research Network “Energy Saxony”

Leipzig Network Energy and Environment - NEU e. V.
TREC Danube Network (EU level)

Cooperations and networks

A

ForschungsVerbund
Emeuerbare Energien
Renewable Energy Research Association BioEconomy Cluster
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SCIENTIFIC COOPERATIONS WITH UNIVERSITIES
AND OTHER RESEARCH INSTITUTES

Scientific cooperation with universities and other research institutions in the field
of the energetic and integrated material use of biomass is a further essential
component of the network activities of the DBFZ. The focus of the activities is on
the implementation of the defined research objectives within the framework of
applied research and development (R&D).

The DBFZ has been cooperating with the Helmholtz Centre for Environmental
Research - UFZ for many years on questions of system evaluation of bioener-
gy and the microbiological basis of biochemical processes. The DBFZ “Bioenergy
Systems Department” cooperates closely with the UFZ Department of Bioenergy.
On the other hand, the “Biochemical Conversion Department” cooperates closely
with the UFZ Department of Microbiology. In the field of energy recovery from or-
ganic waste and residual materials, the DBFZ'’s research departments cooperate
intensively and strategically with the Rostock Professorship for Waste and Materi-
al Flow Management (ASW), represented by the scientific managing director of the
DBFZ, Prof. Dr. Michael Nelles. In addition, the University of Rostock is organizing
in cooperation with the DBFZ, such as the annual Rostock Bioenergy Forum.

- @ weLmnovrz
@ UNIVERSITAT Universitat ( CENTRE FOR
: LEIPZIG Rostock * Traditia et Ianavatio ENVIRONMENTAL

RESEARCH - UFZ
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Fig. 16 Prof. Dr. Daniela Thran at the Rostock Bioenergy Forum

The deputy scientific managing director of the DBFZ, Prof. Dr. Daniela Thran, has
been closely associated with the University of Leipzig since the end of 2011 via
the Chair of Bioenergy Systems at the Faculty of Economic Sciences (IIRM - In-
stitute for Infrastructure and Resource Management). As of February 2019, eight
scientists of the DBFZ are also working on their doctoral thesis in cooperation
with the University of Leipzig. In addition to the University of Leipzig, other national
universities such as the Merseburg University of Applied Sciences, the Ernst Abbe
University of Jena and the Erfurt University of Applied Sciences are linked to the
DBFZ through the lecturing activities of DBFZ staff.

In addition to the national networks and research cooperations described above,
the scientific cooperation with non-European countries, especially China, has ex-
panded considerably in recent years. Scientists of the DBFZ are visiting professors
at the University of Hefei and other renowned universities in China.

© Universitat Rostock
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The DBFZ in public

In the tenth year of its existence, the DBFZ has again been able to set important,
public-effective highlights with new scientific publications, press and media rela-
tions, a large number of guided tours for visitors as well as various events and to
further increase its level of recognition in the scientific community. Of the large
number of events in 2018, the most important in particular is the 3 DBFZ Annual
Conference. With well over 200 participants, a personal greeting from the Saxon
Minister of State for Environment and Agriculture, Thomas Schmidt, as well as
renowned bioenergy experts the DBFZ Annual Conference 2018 was one of the
most important events of the past year. The annual conference took place from
19 to 21 September 2018 in the Leipziger Foren and stood under the slogan:

Fig. 17 The 3" DBFZ Annual Conference in the Leipzig Foren (19-21 September 2018)




78

The DBFZ in public

“Energy & materials from biomass: competitors or partners”. The extensive con-
ference reader for the event is available as a free download at .
Parallel to the annual conference, the expert forum “Hydrothermal Processes” took
place again in 2018. For the fourth time, representatives from the fields of dis-
posal and supply, biomass use, chemistry, energy supply, carbon materials, plant
construction, agriculture as well as planning and consulting services were able to
discuss the extensive results of their work, as well as questions and solutions in the
field of hydrothermal processes. The results can also be downloaded in the form
of slides and abstracts in digital and free of charge available conference readers.

FORUM SCIENCE MANAGEMENT

As early as spring 2018, a new cooperation event, the “Forum Science Manage-
ment” (FoWi), was launched under the coordination of the DBFZ. In the open-
ing event on 23/24 April 2018, the administrative symposium was dedicated to
the goal of taking up current topics and debates concerning the management of
innovative and successful scientific institutions. Developments from administra-
tion, research and society were presented and discussed from different perspec-
tives and action and optimisation concepts were presented. Particular focus was
placed on the areas of human resources, research infrastructure, purchasing and
finance. The Forum Science Management is jointly organised by the DBFZ, the
Helmholtz Centre for Environmental Research - UFZ, the Leibniz Institute for Trop-
ospheric Research and the Leibniz Institute for Surface Modification.

Numerous other events such as the 9" Expert Discussion “Particle Separators in
Domestic Firing Systems”, the Leipzig Expert Talks on the topics of Biogas, Bio-
fuels and Solid Biomass, the participation in the Long Night of the Sciences, the
Hanover Fair and various other scientific events have successfully rounded off the
very intensive event year 2018.

Further information:

The DBFZ in public

Fig. 18 Panel discussion at the Forum Science Management (23/24 April 2018)
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