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3. Executive Summary

LIFE Biomass C+ project objectives and policy directions aimed to assist in the improvement
of climate mitigation strategies through the production of sustainable biofuel. To achieve that,
partners utilised existing and underused infrastructure and water resources (i.e. irrigation
channels, ponds, wastewater lagoons) to produce zero-input biomass, with high starch and
lignocellulose content that will then be converted into bioethanol and eventually get mixed
with gasoline. To do this, the project proposed an innovative green technology of Green
Floating Filters (GFF), where aquatic macrophyte plants (Typha domingensis (Pers. 1807) or
cattails) were grown in multiple water bodies. Mainly, the project intended to:

e Develop a clean, dependable method to produce biofuel without utilizing agricultural land.
e Import the produced bioethanol to a refinery (industrial scale demos) blend it and test it
according to relevant European standards (standard EN 228).

e Apply the specific concept to other industrial partners, mainly refineries, in order to promote
retrofitting by utilizing the specific type of biomass or to exploit the specific biomass, instead
of other types of biomass that need higher costs to be treated.

In Europe, the first Generation (1G) biofuels sector involves the production of biodiesel (fatty
acid methyl esters - FAME), hydrogenated vegetable oil (HVO) and bioethanol from various
food crops. FAME and HVO are produced from oil-bearing crops such as rapeseed; bioethanol
is produced from sugar- or starch-containing crops, such as sugar beet, grain and wheat. The
main advantage of these fuels is that they can be blended with regular transport fuels. A
transition from 1G biofuels to 2G (second generation) biofuels is currently taking place because
the latter involves non-food crops but lignocellulosic feedstocks and waste oils, have a better
GHG balance, and are not subject to the cap on biofuels from food and feed crops to be imposed
by the revised Renewable Energy Directive (RED II). Hence, retrofitting of the existing
refineries is required. Project LIFE Biomass C+ additionally contributed to covering the gap
concerning the utilization of starch biomass, since this type of biomass cannot be considered



competitive to food crops and does not require land areas for its production. Therefore, the
produced biofuel could be considered 2G advanced biofuel according to RED 1.

Activities performed and major achievements

The main achievements of the project are:

e Execution of trials concerning the cultivations of T. domingensis and the establishment of
GFFs in 8 different sites and relevant lessons learned.

e Execution of 11 replication activities concerning the cultivation of T. domingensis
conducted in table olive treatment units, biogas units, breweries, wastewater treatment
systems (WWTSs), natural ponds and municipal sewage companies, and pig and poultry
farms. Regarding bioethanol, contacts were made with refineries in Greece and Spain
following the European directives (RED II).

e Set up a fully equipped and standardized laboratory at the facilities of CARTIF for the
production of bioethanol, where an innovative, unique bioreactor that performs both
hydrolysis and fermentation processes was designed, created and installed.

e Set up a fully equipped and standardized laboratory at the industrial facilities of HELPE

RSSOPP, Thessaloniki Refinery, for bioethanol quality control according to the European

standard for ethanol as a blending component for gasoline, EN 15376

Successful experimental utilization of above-ground biomass for added-value products.

Over 18,000 m? of water bodies were influenced by the GFFs.

Nearly 6 kg CO, m? GFF per year were absorbed and stored in the plant organs.

More than 2 t dry submerged biomass supplied to Action C2-bioconversion to ethanol.

Bioethanol blends with gasoline were prepared and tested at HELPE RSSOPP Lab and

were shown to fully comply with EN 228 quality specifications and thus to be appropriate

for gasoline engine vehicles. Lab certification was used based on the fact that it is a direct
and necessary proof of the conformity of the fuel.

The preparatory activities were implemented by GA-UPM and CERTH, specifying the baseline
study for each demonstration site, the design of GFFs, the selection of water bodies, the
harvesting procedure, and the design of bioethanol processing (Action Al). A 2-day workshop
on the GFF system, harvesting of biomass, maintenance, and monitoring was organized by
GA-UPM (Action A2). Demonstration trials (Action C1) in Spain took place in El Arenal
irrigation ponds in 2018 and 2019, and then UPM implemented the contingency plan and
established contingency GFFs at the UPM facilities for the next two years (2020, 2021). In
Greece, GFFs were established in different sites for the first 3 years, to test various water
substrates and maximize the production potential. From 2020 onwards, the WWMS of Vegora
village was the main demonstration site. Concerning Action C2, a base case scenario was
developed consisting of five main parts: hydrolysis; concentration & glucose fermentation;
purification & ethanol recovery; anaerobic digestion; and combustion. The simulation showed
an overall bioethanol yield of 16.3% with a purity of 99.5%. An innovative and unique
bioreactor, that performs both fermentation and hydrolysis processes, was developed by
CARTIF and used to prove the industrial-scale potential of the project. Bioethanol produced
by CARTIF was analyzed at HELPE RSSOPP Lab and shown to be of high purity and on
specification according to EN 15376. In addition, bioethanol blends with gasoline were shown
to fully comply with EN 228 quality specifications and thus to be appropriate for gasoline
engine vehicles. In the framework of replication activities (Action C3), all partners were
involved in contact with a range of stakeholders. Specifically, in Spain, GFFs were established
by VOLTERRA at a pig farm in Arenas de San Pedro, a poultry farm in Mombeltran (Avila),
and an abandoned fish factory that is currently used for irrigation water storage. In Greece,



replication activities by CERTH included cattail cultivation in biogas units, table olive
industries, a brewery, a lake, a small lake used for watering livestock, and lagoons with
municipal wastewater. CARTIF established connections with three bioethanol producers, to
replicate the feedstock and the methodology provided through the project works. For action
D1, (project performance indicators), all partners shared the data obtained during the project
with the rest of the consortium, following the established protocols (Action A2). The diffusion
of the project’s results was realized in various ways for the communication and dissemination
actions (action E1, E2). Two rounds of surveys have already been conducted. On the project’s
website, all the completed activities have been uploaded and presented. LIFE notice boards
have already been placed in all partners’ offices and at the trial sites. Partners of the project
have participated in 12 international conferences. Several articles were published in three
languages (English, Spanish, and Greek). Additionally, local awareness-raising events were
organized both for students and the general public. Demonstrative areas and some partners’
facilities were visited by various audiences.

The After-LIFE period of the project has already started and the first step for the continuation
of the project has been completed. At the beginning of 2023, CARTIF sent a bioethanol sample
to an industrial entity to carry out a complete characterization analysis of the sample in
accordance with the Spanish UNE standards. This set of services will continue after the end of
the project since biorefineries are looking for sustainable technologies to treat relevant
substrates for biofuel production. Furthermore, the aerial part of the plant was sent to an
external lab in order to be examined as a substrate for biogas production. Typha plant was
proved to have great potential for biogas production with a satisfactory degradation rate and
high efficiency in comparison with other substrates. This leads to synergies with the biogas
sector, in accordance with the main priority linked to feedstock availability. Furthermore, the
cultivation and installation of the plant will be continued.

LIFE BIOMASS C+ project is in line with Circular Economy principles since all the parts of
T. domingensis plant are utilized. Synergies with bioplastic, biofuel, fodder, and fibre sectors
are expected to be continued after the end of the project based on the LIFE BIOMASS C+
concept.

4. Introduction

Climate-related problem addressed

The impacts of anthropogenic activities related to energy production and consumption are
becoming more and more observable in the environment. In fact, the phenomenon that was
defined as “climate change” when this project started, has now become a “climate crisis”. CO>
is the primary source of GHG emissions coming from human activities, and the combustion of
fossil fuels for energy and transportation is the primary source of these emissions, especially
traditional fossil fuels. Biofuels like bioethanol and biodiesel are known to have measurable
GHG benefits over traditional fossil fuels, due to the lower emissions released during their
production life cycle. However, most biofuels are produced from crops such as wheat, corn,
sugar cane and sugar beet, and are currently more expensive and less available than fossil fuels.
Moreover, their production through agricultural land that could also be used for food
production, leading to indirect land use change (which, in turn, leads to increased GHG
emissions, reduced carbon stores from deforestation, and loss of biodiversity), food scarcity
and a rise in food and feedstock prices. However, the LIFE Biomass C+ promotes a concept
for the utilization of starchy biomass, non-competitive to food, towards the production of




sustainable fuels in environmental, economic and social terms. Indeed, the results of the project
concerning the pre-treatment costs prove the economic feasibility of the concept in upscale
scenarios. Overall, cattails were established in eight trial sites and eleven replication activities
during five years of implementation. About dry, submerged biomass was harvested and
processed to produce bioethanol broth. The produced bioethanol was also tested for ethers
production which is considered a dominant activity for HELPE RSSOPP.

Solution demonstrated by the project

The general objective of this project was to address this challenge by testing an innovative
method to produce aquatic biomass that could potentially be scaled up for industrial production
and does not compete with agricultural land. To do this, the project proposed an innovative
green technology of GFFs, where aquatic macrophyte plants were grown in multiple water
bodies. This is then a new form of biofuel production, which combines 2" and 3™-generation
advances to produce biomass at a lower cost and in a highly sustainable way. The plant that
was chosen for this project, T. domingensis, is an herbaceous, perennial, emergent, aquatic
macrophyte. Typha species are highly productive in eutrophic waters, thus they can be very
effective in the remediation of polluted water. Typha species, including T. domingensis, present
promising results of nutrient, metal, and other pollutants uptake. Furthermore, the roots and
rhizomes of cattails contain both cellulose and starch polysaccharide fractions, distinguishing
T. domingensis from other feedstocks that are used as raw materials for lignocellulosic biofuels.

Methodological & technical solution

LIFE Biomass C+ concept started from biomass production, harvest (vegetative part and
rhizomes separately) and bioethanol processing. Young seedlings of T. domingensis were
cultivated in greenhouses, in order to be transplanted in the GFFs. Lab-scale activities were
conducted in order to test the transformation of roots and rhizomes into bioethanol. A
bioreactor was erected to prove the scale-up potential of the bioethanol production process. In
addition, scale-up scenarios were modeled in a processing design tool.

Two alternative pathways were proposed and implemented during the project activities. The
first one concerns the production of bioethanol blends to be utilized as fuels in vehicles. The
LIFE Biomass C+ blends are recommended to be used at an industrial scale proving the demo
character of the project, since the developed framework is used for commercial activities. The
second pathway concerns the production of ethers (ETBE and TAEE). The selection of the
above pathways was carried out in line with the business orientation and current priorities of
HELPE RSSOPP, which is a dominant stakeholder in the market of ethers, and they would like
to explore relevant sustainable production routes and according to the recommended ratios
based on the current regulatory framework

Expected results and climate action related benefits

LIFE Biomass C+ project achieved a severe contribution towards European climate policies in
several ways:

1. Reduction of GHG emissions was accomplished through: a) production of bioethanol and
its potential use for ether production, b) carbon sequestration during the plants’ growth, ¢)
production of alternative bioproducts such as bioplastics and d) production of solid biofuels.
2. Significant reduction of Indirect Land-Use Change through a new, close-to-market method
for producing biofuel which is not in direct competition with agricultural land.

3. Effective conversion of biomass to bioethanol and blending into biofuel, as well as to
production of ethers.




4. The macrophyte T. domingensis contributed to the improvement of water quality in the water
bodies it was grown. In addition, the biodiversity of the demonstration areas has reportedly
been benefited, with new species inhabiting year by year.

5. Replication activities in various water bodies, like natural wastewater treatment lagoons,
farms, and industries, were successful and fruitful in most cases, ensuring the widespread
uptake of the GFF in water remediation and biomass generation projects for biofuel and ether
production.

6. An effective business plan has been prepared with a business model canvas drafted in
collaboration with Ernst and Young in order to better promote the project’s objective, results,
and expectations. The business plan is foreseen to be shared among other interested
stakeholders (e.g. biorefineries), in order to investigate potential investment in this set of
activities, along with a potential plan to develop a biorefinery plant. The investment related to
the supply of bioethanol for ethers production, alongside bioplastics production, was
economically viable with an IRR figure of 9%, and an NPV of 3,307,650€. The biorefinery
plant that was investigated in order to be cost-effective has a capacity of 500,000 litres.

Expected longer-term results (as anticipated at the start of the project)

LIFE Biomass C+ project investigated biofuels production from aquatic biomass which is not
competitive with food production. Countries, Regional Units, local communities, or even
industries with water bodies can exploit this advantage and become the main suppliers of
biomass feedstock for biorefineries. The cultivation of cattails, the application of GFF
technology and the production of bioethanol through this lignocellulosic and starchy biomass
can increase competence with gasoline. The production of carbon-positive bioethanol, as well
competitive with the other fuels, contributes towards the objectives of the Fuel Quality
Directive.

Additionally, short-term results on biodiversity enhancement are very promising for the long-
term effect of cattail establishment in wastewater lagoons, especially those with zero natural
vegetation. These new habitats can increase local biodiversity and make the landscape more
aesthetically pleasing. People living in areas with wastewater management systems can utilize
the methodology provided through this project to create new jobs, increase their income, and
upgrade the local economy in greener terms. Even owners of wastewater systems can benefit
by saving energy from mechanical treatment, especially during the energy crisis times.

5. Administrative part

Process of project management, method of working, and problems encountered

The general management structure of the consortium, the responsibilities, and the duties of
each partner were recorded in detail in the Partnership Agreement. The project director is Dr.
Panagiotis Grammelis, supported by the project manager assistant Mr. Dimitrios
Kourkoumpas, and the financial management is supported by Fotis Mavromatidis. Within the
Management Team, they are assisted by:

-Sven Kallen (VOLTERRA) in project external communication

-Manuel Zapatero (COMRA) for the technical field activities

-Maria Dolores Curt (UPM) for the technical management of field trials

-Raul Pinero (CARTIF) for the lab tests and scale-up biomass processing

-Spyros Kiartzis (HELPE RSSOPP) for the blending activities of the produced bioethanol with
gasoline

Partnership and its added value



The partnership is composed of organizations and companies with excellent complementary
skills that cover all that is needed for a beneficial project implementation:

— CERTH: Coordinator of the project, experienced in bioprocessing and demonstration
activities. Lab-scale studies for the optimal thermo-chemical and enzymatic treatment of the
biomass and model-based design of a bioreactor for the efficient fermentation of the glucose
hydrolysate to bioethanol were conducted, as well as exploration for new applications as solid
biofuel from the aerial part of the plant and for PHA biopolymers from the glucose hydrolysate
obtained from bioethanol production. In addition, CERTH contributed to the replication and
dissemination of the project’s results through their network. Finally, an LCA and LCC analysis
was conducted in order to evaluate the whole project.

— VOLTERRA is experienced in dissemination activities through their involvement in a great
number of LIFE projects. They have provided to the partners’ dissemination material, the
Layman’s report and the After-LIFE plan to be distributed to the interested stakeholders, in
order to increase the project’s impact. Moreover, they provide innovative solutions concerning
the implementation of the project, such as the design of GFFs and smart solutions for the
harvesting.

— UPM has long-term experience in T. domingensis cultivation with nursery facilities located
at their premises. They contribute to the optimization of the field trial, by providing respective
protocols for the monitoring of Typha plants. For the Spanish trials and replication UPM
provided all the plants needed. Additionally, they conducted tests regarding the exploration of
biomass for alternative uses like fodder, mulching, fibers, etc.

— CARTIF has great experience in bio-processing activities. CARTIF’s lab is equipped with
the required infrastructure for the relevant lab tests. CARTIF conducted lab tests on small-scale
bioreactors in order to optimize the bioethanol production for the upscale. The erection of the
pilot bioreactor at CARTIF’s facilities was completed successfully and a vast amount of
bioethanol was produced for biofuel production. Contacts with biorefineries in the framework
of replication activities were performed.

— HELPE RSSOPP has a leading role in the refineries sector in South-Eastern Europe. They
set up a fully equipped and standardized laboratory for the import of bioethanol and they
performed the activities concerning the blending of bioethanol with gasoline. Furthermore, they
used the produced bioethanol for the production of ethers that are mixed with gasoline for
product quality reasons.

— COMRA is a cooperation of farmers in Spain. Most of them own water ponds. Hence,
COMRA led the trial activities for the Spanish demonstration site. During 2020, an amendment
was accepted by the commission regarding the replacement of Beneficiary COMRA with
Beneficiary VOLTERRA in implementing Action C1 in Spain, and moving C1 trials to C3
trials.

6. Technical part

6.1. Technical progress, per Action

6.1.1 Action Al Design of GFF and production strategy
Start date: 01/07/2017
End date: 31/12/2017
Activities undertaken and achievements
1. Baseline study of each demonstration area
Demonstrated areas: Area 1. Canal de El Arenal, Castilla y Leon (COMRA, UPM &
VOLTERRA) Area 2. Florina, Western Macedonia (CERTH, UPM & VOLTERRA)




The characterization of all demonstration areas was held by using previous and current data for
several parameters. Both in Greece and Spain, data concerning the geographic situation,
hydrology and water resources were provided. In a second step, information about climate and
land uses was gathered. Regarding wildlife and plant species analysis, flora and fauna of the
trial areas were observed. Furthermore, the area covered by main agricultural activities and the
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Figure 1. Monitoring of the plantation in the greenhouse in Athens, 2019

socio-economic conditions were recorded. During Al action, CERTH and UPM in
collaboration with COMRA visited the demo areas in Greece and Spain in order to update the
characterization area (flora and fauna), as well as to take water samples for water quality
identification.

2. Design of the GFF (UPM, VOLTERRA& CERTH)
Growing period: Spain: The plant procurement is the first step for the implementation of the
concept. UPM prepared a protocol for plant production that was delivered during the second
month of the Project and the final version of it was included as an Annex to Deliverable A2.
The protocol was carefully followed to supply all plants needed for GFFs in Spain. By growing
period, it means the period between GFF installation (out of the period of frost risk) and
senescence of the emergent plant fractions, in Spain, between May and December. In Spain,
the propagation of the plants was conducted in UPM’s nursery for all the years of the project
duration. GFF design, the growing period and GFF temporal planning were addressed in detail
in Deliverable Al
Greece: The growing period of the plants in Greece from the propagation to the time of harvest
was from May to November. For the propagation of the plants, 4 nurseries were testedFigure
1. Monitoring of the plantation in the greenhouse in Athens, 2019 (Figure 1). The selection of the nurseries
was carried out according to the weather conditions, their availability, and their interest in
participating in the project. Nurseries were of vital importance for the project’s progress
because they took care of the propagation of the plants and the viability of the cultivation.
Water bodies: Spain: In 2018 and 2019 COMRA made available irrigation ponds owned by
local farmers (COMRA associates) to the project; some ponds were artificial, built by the
owners, while others were natural; all ponds collected upstream waters and rainfalls and sized
<100 m? each. In 2020, COVID-19 crisis and restrictions on mobility affected the
implementation of GFFs. Therefore, a contingency plan was prepared by UPM. Constructed
wetlands based on T. domingensis GFFs were implemented at the facilities of UPM (Madrid,
Spain) simulating shallow ponds and channels in 2020 and 2021.




Greece: The execution of trials for 2018 was conducted in irrigation channels in Valtonera
village located in Western Makedonia. Regarding the year 2019, trials took place in two
demonstration areas: a) in an accessible point of Cheimaditida Lake (next to the Information
Center of Cheimaditida and Zazari Lakes), and b) in an artificial lake close to the Local
Community of Anargyroi which was formed after land restoration activities of open lignite
mines. The execution trials of 2020 took place in Vegoritida Lake and a natural WWMS of the
Local Community of Vegora, Amyntaio. The trials of 2021 took place in two natural WWMS.
The first one was the same as 2020 at the Local Community of Vegora, and the second one
was at the Local Community of Faraggi. Last year’s trials (2022) were conducted again in the
pond of the natural WWMS of the community of Vegora.

Harvesting: Optimum harvesting conditions were conducted in wintertime, when the growth
period is over and no sprouting is observed. The time should be in compliance with local
temperature conditions. In Spain, COMRA technicians developed a rudimentary harvesting
system, consisting of a metal, open slider, on which the boards were pulled. Then, the root
system was harvested. The harvesting was planned to be accomplished by a hedge trimmer;
procedures based on cheap and uncomplicated machines were explained and tested during the
training workshop (Action A2) and then reported in Deliverable A2. In Greece, CERTH
proceeded to the harvesting manually.

3. Design of bioethanol processing & preparation of the labs (UPM & CERTH)
Preparatory lab tasks concerning biomass conversion to bioethanol were performed as a part
of the Preparatory Action A1 by UPM and CERTH. GA-UPM collected, processed and
provided cattail biomass (fresh and dry roots, rhizomes, and whole subaquatic biomass from
previous experiments) to CERTH members involved in bioconversion. Partners adapted the
labs and set up standard methodologies of biomass characterization for bioethanol; lab
fermentation tests of rhizomes were also performed. CERTH’s lab has designed the production
of bioethanol on lab scale that was followed by the pretreatment and the enzymatic hydrolysis
of the biomass roots and rhizomes. The microbial population was grown using the hydrolysate
deriving from the enzymatic hydrolysis of starch combined with the hydrolysate from cellulose
enzymatic hydrolysis. The glucose syrup was utilized directly and/or concentrated as culture
feedstock for Saccharomyces cerevisiae. The derived sugar solution underwent detoxification
and filtering through 0.2 um pore diameter, in order to remove inhibitors and undesirable
substances. The requirement for medium sterilization, is fulfilled using Nalgene Rapid-Flow
disposable Filter Units. The filter sterilization of the cell culture medium units prevents the cell
culture contamination as well as the potential sugar degradation in case of steam sterilization
under high autoclave temperature conditions was chosen instead. The bioethanol concentration
was estimated in the culture broth without further processing of the bioethanol for the biofuel
recovery step. The fermentation experiments will support the construction and the verification
of a mathematical model that simulates the bioethanol production in batch and fed-batch mode.
The dynamic model will describe the dynamic operation of the ethanol fermentation process
and provide the means for model-based optimization and control of the bioprocess.

6.1.2 Action A2 Training for partners and staff
Start date: 01/12/2017
End date: 31/12/2017
The training of all the staff was critical because of the necessary link between theory and
practice. The training took place in-situ, at the phytodepuration facilities of GA-UPM. A 2-day
workshop with a theoretical and a practical part was held in December 2017 in Madrid.



The workshop consisted of five work sessions presented by GA-UPM personnel. Contents of
each session involved interactive lectures supported by visual material, plant material (seeds,
seedbeds, plantlets, adult plants, leaves, rhizomes, roots, cattail mats, cattail spikes), Petri
dishes, substrates and materials for plant propagation, greenhouses, already-developed GFFs,
microscopes, floating sheets, hedge trimmers, reagents for starch, and other materials.

Finally, it must be highlighted that in every replication activity conducted by the partners, the
interested stakeholders were trained on how to establish a plantation on GFFs and how to
monitor it for future application. Partners of the project, explained in detail and made a real
presentation of the project application. Most of the stakeholders expressed their interest in the
continuation of the project idea in their facilities after the project’s end.

6.1.3 Action C1 Installation of GFFs in all areas

Start date: 01/01/2018

End date: 30/12/2022

Trial sites were the main points of implementation of the project, where T. domingensis plants
were established in GFFs in order to grow, while absorbing nutrients from the water. The plant
is fast-growing and highly productive, especially in ideal conditions of temperature, nutrient
availability, etc. However, cattail species are among the most competitive emergent plants in
freshwater wetland ecosystems globally (Osland et al., 2011), often acting as invasive species.
To avoid the risk of invasion in natural habitats, all cattails were harvested before reaching
reproduction age (typically about 3 years), so sexual reproduction was suppressed. The rapid
vegetative expansion was countered by harvesting the whole biomass of the cultures or leaving
only the stump of the plants in order to grow again, in addition to avoiding natural aquatic
ecosystems over artificial ones, to minimize the threat of expansion. Whenever T. domingensis
specimens were grown in natural sites, the natural occurrence of the plant on the site was first
confirmed. Such measures are considered crucial for future replications of the project, so as to
avoid introduction or invasion. Up to the conclusion of the project, no cattail dispersal out of
the filters was recorded.

In order to evaluate the Typha plants’ performance in the water bodies CERTH’s team
examined and performed foliar diagnosis (biomass analysis). The absorption of pollutants was
also examined through metrics of the chemical composition of the aerial part (i.e. the N
content).

Installation of GFFs in Spain: El Arenal (COMRA, UPM & VOLTERRA)



The original demo site in Spain was located in the municipality of El Arenal, where COMRA
is the association of the local farmers. The local farmers accepted the installation of the filters
at their ponds. In 2018, the total area of influence was 1004 m?. In 2019, COMRA continued
providing irrigation ponds operated by their associates, and GA-UPM propagated cattail plants
for GFF establishment in El Arenal. VOLTERRA provided partners with the new GFFs
floating trays for the implementation actions. Establishment activities began at the end of May;
finally, the total area of influence achieved in 2019 was 2508 m2. Monitoring of Spanish GFF
was done through periodical visits by GA-UPM personnel throughout the cattail growth period,
in order to perform plant growth evaluation and take water samples. During the 2019 growth
cycle, extreme weather conditions were experimented in El Arenal; unusually high
temperatures and low rainfall led to water shortage and resulted in fires, all of which affected
the trials besides the feasibility of the farms of COMRA associates. In spite of that, once the
cultivation period in EIl Arenal was over, partners harvested the produced biomass and sent it
to CARTIF.

In 2020, the replacement of Beneficiary COMRA with Beneficiary VOLTERRA in
implementing Action C1 in Spain was agreed. Additionally, UPM implemented a contingency
plan in Madrid to ensure the supply of biomass to conversion partners. The contingency plan
included existing GFFs in artificial ponds (already installed in Y2, 832 m?) and a new GFFs
installation designed as channels at UPM facilities. During spring 2020 (Y3), despite the
COVID-19 restrictions, the contingency channels were installed like constructed GFFs
wetlands at UPM facilities, which sum up 1608 m? in Y3 for the contingency plan (Figure 2).
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Figure 2. Installation of GFFs in the UPM facilities, 2020

These channels were additionally used as trial sites for Y3 and Y4, all of that to alleviate the
post-COVID impact on biomass supply to bioprocessing partners.

UPM continued the works with contingency GFFs laid in channels for biomass production in
2021 (Y4); water samplings and analysis were performed at different dates to ensure Typha
growth. Plants from the previous year recovered from an extreme meteorological event
(‘Filomena’ storm) that happened in Spain in January 2021 and grew as expected, according to
regular inspections. Cattails grown at UPM facilities (contingency GFFs) started senescence
around mid-September, the aerial biomass progressively dried up signposting the end of the
growth cycle. At the beginning of November, GFFs were sampled for biomass production,
biomass partitioning, and carbohydrates content in rhizomes. Full biomass collection was
completed in January 2022; separation of aerial and submerged biomass, biomass open-air
drying, hand-cleaning, and packaging were conducted in February 2022 (Y5).

Installation of GFFs in Greece: Region of Western Macedonia (CERTH)



All trial activities in Greece were implemented in the Region of Western Macedonia, where
CERTH labs lay, in order for them to be in close proximity to the monitoring activities.
Additionally, CERTH team is familiar with the area, and it was easier to conduct the necessary
communications and to find proper sites for the establishment. In contrast to what was stated
in the proposal, the two demonstration sites were changed after testing, in an attempt to
overcome occurring obstacles and to test various water substrates and their potential to support
greater biomass productivity.
The first installation of GFFs with cattails took place in July 2018 in an irrigation channel close
to the C|ty of Ptolemals The total influence area was 950m2. The plantlets were transported
. N PR A T from nurseries directly to the site. The
survival rate was satisfactory. The
accessibility of the site was not
favorable, while the continuous,
sometimes rapid stream of water
proved to lower the productivity of
the system.
For 2019, trial sites were an
accessible point of Lake
Cheimaditida, next to the Information
Center of Cheimaditida and Zazari
lakes, as well as an artificial lake that
: ) was formed after mining closure. The
Figure 3. Installation of GFFs in the WWMS of Faraggi, 2021 accessibility of the shore of the lakes
was easier for the establishment of
GFFs. The total area of influence was 3400 m?. In this case, monitoring activities were more
often, to ensure that the plants would not expand out of their GFF system. Strong winds and
heavy rain caused displacement and destruction of some filters. Therefore, CERTH team
decided to find new, alternative water bodies for cattails to grow.
In 2020, trials took place in Lake Vegoritida and in the Natural WWMS of Vegora village. In
the first case, an accessible area close to the shore was chosen for the establishment. Again,
care was taken so as not to disturb local biocommunities. In the second case, GFFs were
established in all four of the WWMS lagoons, in order to test the performance of the plant in
each one (different COD and pollutant levels). For the propagation, a new greenhouse was
selected, which is located in Thessaloniki. It is important to highlight the strict regulations that
needed to be followed for public health safety during COVID-19 pandemic quarantine. One of
the main issues that occurred was the limited availability of EPE filters. In order to proceed to
representative trial and not lose one cultivation period, CERTH used a part of the old GFFs
(proving their reusability), as well as Greek market available trays (EPS material) which are
recyclable, reusable, and durable, according to the certification of the manufacturer. Despite
having to delay the process, CERTH personnel managed to handle these new obstacles and
perform the establishment and harvesting of the biomass, but the monitoring activities were
scarcer this year. The total influence area was 1800 m?2. The productivity of the WWMS
lagoons was satisfactory. Therefore, in an attempt to maximize the harvested biomass, it was
decided that these lagoons would be reused in the next years.
In accordance with previous findings of 2021, the establishments took place at the WWMSs of
Vegora and Faraggi, a nearby village (Figure 3). This year, restrictions referring to the
pandemic were milder, so the establishment was performed on time (late June). The total
influence area was 1850 m?. In the last year of the project, 2022, trials were repeated at the
WWMS of Vegora covering an area of influence of 1200 m?,




Production of the Pilot Floating Trays (VOLTERRA)

Selection of new material

In 2018, the floating trays were designed to be made out of fiberglass; however, this material
proved to be rather expensive. Thus, new prototype boards made out of expanded polystyrene
(EPS) were designed, together with GA-UPM, and produced in order to kick off the first
planting trials in Spain and Greece. VOLTERRA tested for a more sustainable and cost-
effective material for the 2019 plantations, attempting to simultaneously improve the whole
system, based on the feedback provided by GA-UPM, COMRA, and CERTH.

The most effective idea was the use of expanded polyethylene (EPE), as the manufacturer
(PLAESA), presented a lower price, recyclability, and reusability and did not charge for
making the holes. Especially about the environmental performance, an integrated LCA analysis
was conducted and the GHG emissions to be avoided as a consequence of the recycling process
of the EPS- and EPE-based filters were estimated at 1 kg CO2/kg EPS and 0.68 kg CO2/kg
EPE.

6.1.4 Action C2 Biomass processing and bioconversion to ethanol
Start date: 01/04/2018
End date: 30/12/2022

1. Trials & optimization (UPM, CERTH, BIOSTREAM, CARTIF)
The optimal conditions for the processing of Typha biomass at lab scale and its transformation
into bioethanol were optimized, considering the feedback and the experimental data provided
by CERTH and CARTIF. The pretreatment processing of the cattail biomass was divided into
the following stages: 1) Enzymatic hydrolysis of starch, 2) Acid hydrolysis of lignocellulose,
and 3) Enzymatic hydrolysis of cellulose.
Each stage was tested at laboratory scale with small volumes (1 L) using commercial enzymes
and with different parts of Typha biomass (rhizomes only, mixture of rhizomes/roots at a ratio
of 80/20). Yields of each of the hydrolysis processes, considering the concentration of glucose
released (g/L) were analyzed, and the influence of biomass particle size (0.25 mm and 1 mm)
on the performance of pretreatment processes was also studied.
The fermentation stage was also optimised by studying different conditions in batch mode (5
L bioreactor) for the production of bioethanol from glucose, including temperature, yeast strain
used, oxygen conditions, and initial glucose concentration. In addition, the presence of by-
products such as glycerol, acetic acid, and lactic acid, were also analyzed.
Finally, the downstream processing was also studied, including fractional distillation of the
bioethanol broth and purification of bioethanol using commercial molecular sieves. In this way,
a 300 mL bioethanol sample with sufficient purity specifications was obtained and sent to
HELPE RSSOPP for its characterization, so that it can be used as a mixture for biofuels.

2. Pre-treatment (CERTH)

Experimental investigation through lab-scale studies of the optimal thermochemical pre-
treatment of the T. domingensis plant biomass and enzymatic hydrolysis of the starch and
cellulose fraction of this biomass toward the production of a fermentable glucose—rich stream.
The development of the optimal protocols of biomass treatment, the identification of critical
process variables, and the quantification of their role in the performance of the respective
processes were tested, in order to guide and support their scale-up studies by CARTIF.

During the validation in the CARTIF facilities, three key parameters were identified to
potentially affect process performance at semi-industrial scale (200 L pilot bioreactor):
Viscosity of biomass slurry, low glucose concentration, and variability and heterogeneity of
biomass harvested. In order to overcome the issues and achieve an efficient upscale, several



solutions were proposed, establishing energy and water-saving policies as the most important
considerations to consider. These alternatives were:

. Use of the Viscozyme enzyme (Novozymes) at 0.05%, v/w during the enzymatic
hydrolysis of starch, which is a viscosity-reducing agent.
. Estimation of a simple method to estimate a priori the proportion of rhizomes and roots

in the biomass by measuring the water holding capacity of the homogenized feedstock, so a
theoretical maximum solid loading could be defined for an operation.

. Substitution of sodium hydroxide for calcium hydroxide in the neutralization stage of
acid hydrolysis to reduce the water consumption of the process.
. Development of an estimation tool to help monitor the operation of the 200 L bioreactor

prototype using Typha biomass with different characteristics and compositions.
In this way, through these alternatives, it is possible to reduce the energy and water needs of
the different steps of the pretreatment process at industrial scale.

3. Dynamic modeling (CERTH, CARTIF)

Computational actions for the dynamic simulation and optimization of the enzymatic
hydrolysis and the bioethanol fermentation process were conducted. Precisely, a population
balance model for the dynamic simulation of the enzymatic hydrolysis of lignocellulosic
biomass in batch or fed-batch bioreactors was developed and tuned against experimental data
produced in the previous action. This action was complementary to the previous one, aiming
to provide a model-assisted approach to find the optimal conditions of the enzymatic hydrolysis
process for productivity maximization and to design alternative process operating recipes to
maximize the sugar concentration. The second part of this action includes the model-based
dynamic optimization of the fermentative production of bioethanol from lignocellulosic
biomass using fed-batch bioreactors. This study intended to support the pilot-scale bioethanol
production carried out within the project by CARTIF.

4. Process modeling for scale-up (CERTH, BIOSTREAM, CARTIF, HELPE
RSSOPP)

CERTH developed an industrial-scale bioethanol production model of the Biomass C+ concept
in the commercial software Aspen Plus™. Experimental and literature data were used to
develop a complete bioethanol production system design and process simulations were
performed taking into account the remaining biomass (i.e. lignin, unconverted solids, sugars)
for thermal exploitation. The base case scenario was developed consisting of five main parts:
hydrolysis; concentration & glucose fermentation; purification & ethanol recovery; anaerobic
digestion; and combustion (Figure 4). Hydrolysis part involves the separate enzymatic
saccharification of starch and cellulose. Cellulose hydrolysis is also preceded by a DA
pretreatment step to facilitate the subsequent saccharification of cellulose. The derived
hydrolysate is concentrated by a triple-effect evaporation procedure and the produced glucose
solution is fermented by S. cerevisiae in a batch reactor. For the purification and recovery of
the produced ethanol, a two-column distillation system is considered, followed by molecular
sieve beds for ethanol dehydration. An anaerobic digester is also included in the process chain
for the digestion of the hemicellulose-derived sugars produced during DA hydrolysis. The
produced biogas, as well as, the solid biomass residues are sent to a combustion unit for LP
steam generation in order to cover the heat needs of the plant.



Figure 4. The integrated process flow diagram

A parametric analysis of different conceptual designs was carried out in order to assess the
most efficient scheme in terms of final product yield, self-sufficiency, operating expenses, and
environmental performance. Thus, six different scenarios were built and examined based on
different configurations of the Biomass C+ process. The simulation results of the base case
scenario (scenario 1) showed that an overall yield of 16.3% is achieved, while the purity of the
final product is 99.5%. Plant efficiency and carbon utilization were estimated at 27.1% and
17.8%, respectively. The plant is self-sufficient and has no external heat requirements. The
highest overall yield and plant efficiency (33.0% and 48.9%, respectively), as well as low
external heat demands (5.7 MW), were observed when the idea of co-fermenting glucose and
xylose using the recombinant Z. mobilis strain is considered along with the assumption of
higher reaction conversions in the hydrolysis and fermentation steps (scenario 6). The KPIs of
the examined scenarios are presented in Table 1.

Table 1. KPlIs of the examined scenarios

1 2 3 4 5 6

Initial sugar LB
“ = 44.6 Culture: 56.5  44.6 45 115.0
&  concentration (g/L)
7 61.8
§  EtOH titer (g/L) 17.6 106.5 22.1 17.6 21 55.3
8  Time (h) 8.6 31.7 9.2 8.6 12 -
c .

E

g Vield(gEtOH /g 0.378 0.398 0379 0378 0467  0.484
s sugar)
(¥

Productivity (g/L/h) 2.05 3.36 2.4 2.05 1.75 -
© Overall EtOH yield
® = (ganhydrousEtOH/  0.163 0.168 0.163 0.163  0.236  0.330
o

g biomass)



Heat demand (MW) 0 32.6 74.6 24.5 10.3 5.7

Power consumption
(kw)

Plant efficiency (%) 27.1 16.2 10.1 30.8 32.0 48.9

80.7 66 76.7 80.7 95.2 42.4

5. Scale-up pilot bioreactor (CERTH, CARTIF, HELPE RSSOPP)
Biomass pretreatment and bioethanol production were performed at CARTIF facilities, using
the 200 L prototype bioreactor designed for this purpose as well as other equipment such as a
30 L filter column or a 50 L distillation column.
Bioreactor design and installation
Firstly, the Mechanical and R&D engineer team of CARTIF defined and drew the different
components of the pilot bioreactor in 3D based on meetings together with UPM and CERTH,
and a prototype model in 3D was defined. An external expert calculated the applicable strengths
of the system based on operational parameters to prevent breakdown or damage to the reactor
during test runs (e.g. thickness of the vessel walls). The software engineer programmed the
backbone structure of the software. The controller unit was programmed according to the
provided specifications with a newly bought PLC and the basic programming was tested. In
order to test the operation, an external party checked the installation and provided the CE
registration. The engineer team coordinated production and assembly, adapted the drawings,
and ordered revised parts accordingly. The pilot plant’s controller unit was loaded with the
software and the actuators (valves, motor, pumps, and more) and sensors (pH, DO, temperature,
mixing, gas flow) were tested. After basic testing, the rest of the specifications were
implemented. After the finalization of the prototype, the application specialist tested it on
functionality with water, and sterility tests were also applied. Furthermore, operational tests to
verify autonomously the control of temperature, pH, aeration, and agitation of the prototype
bioreactor were carried out with 100L of water in the reactor vessel. The designed prototype is
a versatile bioreactor that provides a fully equipped system for a multitude of purposes in a
single compact vessel. It can be used in batch and fed-batch operation mode for microbial
cultivation or pre-treatment of lignocellulosic biomass, as it has been designed for controlling
several process variables such as pH, dissolved oxygen, agitation speed, temperature, feed rate
as well as foam level control and liquid level control.

The main features of the prototype bioreactor were:

e The system is designed to be flexible and modular, so it has two different sets of stirrers:
an axial-flow blade type is fixed at the bottom of the vessel to induce a vortex and
ensure a good mixing even at high viscosities of the slurry. The other consists of a two-
set of stirring blades that, depending on the mode of operation, are interchangeable: an
anchor-type stirrer with scrapers for high-viscosity suspensions and a Rushton-type
stirrer with six blades for liquid conventional fermentations.

e It contains a user-friendly control software that allows an easy and comfortable
operation.

e |t is equipped with automated systems, including automatic cleaning and sterilization
processes (“Cleaning-in-place" or CIP system, and “Sterilization-in-place” or SIP
system).

e The equipment is designed in a multi-purpose way: it is suitable for the pre-treatment
of lignocellulosic biomass (by chemical or enzymatic hydrolysis) or microbial
fermentation in the same vessel, thanks to the CIP system.



The system has been designed to work in different modes of operation, partially or fully
automated (Figure 5):

e The Operation mode "Hydrolysis" allows the transformation by dilute acid hydrolysis
or enzymatic hydrolysis of lignocellulosic biomass into a hydrolysate rich in
monosaccharides of five and six carbons, which will serve as feed for operation mode
“Fermentation”.

e The Operation mode "Fermentation” allows the growth of microbial cultures and the
transformation of the hydrolysate obtained in operation mode “Hydrolysis” (or any
other carbon source) into a wide range of products.

e The CIP mode of operation allows the bioreactor to be automatically cleaned in-situ,

e The SIP operation mode allows the sterilization of the equipment without the need for
large industrial autoclaves.

The feedstock depends on the operation mode: in Hydrolysis mode, the feedstock was
lignocellulosic biomass, after conditioning by drying and crushing; in Fermentation mode, the
feedstock was any carbon source, including the hydrolysate obtained in Hydrolysis mode,
which was used as a culture medium for fermentation.

Operation at pilot scale and bioethanol production
During the last stage, the production of real bioethanol using the prototype bioreactor and
Typha biomass coming from trial sites was performed by CARTIF (Figure 6).
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Figure 5. a) Bioreactor installed at CARTIF facilities. b) Detail of front view of the software for process
operation.

The process conditions (pre-treatment + fermentation) already optimized at lab scale were
followed during the first tests with the prototype bioreactor. In this way, 200 L of bioethanol
broth containing bioethanol were obtained, which were subsequently distilled, concentrated,
and dehydrated using molecular sieves. As a result, 5 L of 98% (v/v) high-purity bioethanol
was obtained and sent to HELPE RSSOPP laboratories in Thessaloniki for further
characterization and blending with gasoline.

Finally, large-scale pilot tests were completed by CARTIF. To make the ethanol production
process feasible and efficient, the biomass pre-treatment was subcontracted to a Spanish
biorefinery and then the fermentation trials were carried out at CARTIF using the prototype
bioreactor and the resulting liquid glucose-rich biomass hydrolysate coming from the
biorefinery (Figure 6).



Figure 6. a) Hydrolysis and fermentation in the bioreactor. b) Detail of hydrolysed
biomass after pre-treatment.

After the fermentation trials, approximately 1,000 L of bioethanol broth containing bioethanol
were distilled by fractional distillation resulting in a barrel with 100 L of 90% (v/v) bioethanol,
which was finally sent to the HELPE RSSOPP biorefinery in Athens (Figure 7).

Regarding the future use of the demo unit at CARTIF’s facilities, the prototype will continue
to operate acting as a showcase for potential stakeholders such as users of the technology,
authorities, associations, etc. As the pilot plant has been specifically designed and created for
the implementation of this project and for the demonstration of the biotransformation process
developed throughout the project, the consortium is aware that it is a prototype, and will comply
with the LIFE regulations regarding the use of prototypes (according to Article 24.7 of the
Common Provisions). Therefore, the prototype bioreactor built at CARTIF facilities will not
be used for commercial purposes for five years after the end of the project, and therefore cannot
be used for the production of goods or services. Furthermore, the integrated biorefinery
methodology developed during the project will help CARTIF to optimise the way of obtaining
new value-added products for the biorefinery sector by modifying the bioreactor operation. In
this way, instead of bioethanol as an end product, it will be possible to obtain products with a
higher market value such as organic acids or lipids that are precursors for bio-based materials
with applications in fine chemistry, adhesive polymers or bioplastics and coatings with special
properties.

Figure 7. a) First batch at pilot scale (5 L of high purity bioethanol at 98%). b) Second
batch at pilot scale (barrel containing 100 L of bioethanol at 90% (v/v) approx.).



6. Blending for biofuel and testing (HELPE RSSOPP)

The bioethanol samples produced in CARTIF’s pilot bioreactor were tested in HELPE
RSSOPP Lab to be of high purity and on specification according to EN 15376 (Automotive
fuels — Ethanol as a blending component for petrol — Requirements and test methods) 2% and
10% vol. bioethanol blends with gasoline, produced by HELPE RSSOPP refineries, were
prepared and tested in HELPE RSSOPP Lab according to EN 228 (Automotive fuels —
Unleaded petrol — Requirements and test methods) and were shown to fully comply with
specifications. Thus, bioethanol blends, ranging up to the maximum allowable bioethanol
content, were shown to be appropriate for petrol engine vehicles. The HELPE RSSOPP Lab
Chemical Analysis Report is included as proof of the conformance of the 10%
bioethanol/gasoline blend to EN 228. All the analyses for the use of the bioethanol blends were
proved to be acceptable. This analysis is considered a regular technical procedure for testing
the blends for their suitability to be used in petrol-engine vehicles. The testing of the fuel in
cars was not done, instead, the quality of the fuel was certified as described, which is a
necessary and sufficient condition for their commercial distribution.

6.1.5 Action C3 Replication and future applications

Start date: 01/06/2019

End date: 30/12/2022

As the demands for bioethanol in the gasoline mixtures are rising (RED 1I), the replication
activities proved to be of vital importance for the project. All project partners involved in these
activities aimed not only to the successful collaboration with new stakeholders for the project,
but to raise awareness and spread the information on new methods of water remediation and
fuel production. In Greece, most of the replication activities took place in the Region of
Western Macedonia, where lignite mining activities are still performed. The replication
activities around Western Macedonia are expected to contribute effectively to the transition to
a post-mining era of the region, providing ideas for new enterprises and jobs for the miners.

1. Implementation of GFF and harvesting at third-party locations (each partner
area)

In Greece (Figure 8. a), CERTH focused on establishing replication activities on various types
of water bodies, to test the phytoremediative potential of the plant in different substrates.
Contacts started in 2019, while the first GFF establishments took place the following year.
Overall, five types of water residues were tested through the replication activities, including
food industry (mainly table olive treatment) wastewater, biogas unit wastewater, brewery
sewage, municipal sewage, and natural water treatment systems (lagoons). Even more were the
stakeholders that were contacted, informed about the project, and even arranged a meeting at
their facilities to discuss the potential of a GFF system establishment. These included animal
farms (mainly chicken), wineries, dairy industries, sewage sludge treatment systems, and olive
oil mills.

Some of the replication activities’ managers have already expressed their will to continue
implementing the project by installing GFFs in their water management lagoons. The most
important case is the Municipal Sewage Company of Kozani, the largest city in the Region of
Western Macedonia, where the project was mainly implemented in Greece.

In Spain (Figure 8. b), Volterra established three replication sites. Two of them are animal
farms (poultry and pigs). Livestock manure is expensive to process, so the use of water
channels with Typha plants helps to eliminate pollution and make manure processing cheaper
and more environmentally friendly. These two farms also use the green part of the plants as
compost to improve the quality of their soil. The owners of the two farms have expressed their



interest in continuing the GFF plantation. The regulations for pig manure are stricter due to its
high pollutant content, so the GFFs will be combined with other techniques to process the
manure. The chicken farm will continue to use the GFF as it is a cheap and easy way to purify
the water on the farm. The other site is a disused fish factory that currently stores grey water
from municipal waste. This water needed to be filtered before it was discharged back into the
river, so the use of GFF was essential for the community. Due to the drought that Spain has
experienced in recent years, this GFF will not be set up until there is enough water to supply
the town. Further contacts were made with various stakeholders, such as a cow farm, to
introduce GFF on their land.
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Figure 8. Maps of a) Greece and b) Spain, presenting the respective replication activities

As regards bioprocessing replication activities, CARTIF contacted three Spanish stakeholders
(Biocarburantes de Castilla y Leon, AVEBIOM, and BIOPLAT) in order to explore the
involvement of these replication agents that are potentially interested in commercial take-up of
the concept.

At the beginning of 2023, CARTIF sent a sample of bioethanol obtained from biomass from
CERTH to the Analytical Chemical Laboratory of Biocarburantes de Castilla y Leon S.A., to
carry out a complete characterisation analysis of the sample in accordance with the Spanish
UNE standards. The results showed a high ethanol content (96.3 % v/v) in the sample.

This full characterization analysis was carried out by the company at no cost to CARTIF, thus
establishing a true collaboration with the biorefinery, which showed great interest in the results
of the project.

2. Business plan (CERTH)

The composure of a business plan, describing the potential of the project’s key practices for
the creation of new enterprises or investments, was performed by CERTH. In this business
plan, the key tasks for the implementation of the project are elaborated, along with the costs
and some advice for minimizing risks and optimizing the performance of each task. These
include the seed collection, the propagation, establishment, monitoring, and harvesting of the
plants, the proper handling and processing of the submerged biomass, and the set-up of a
bioethanol plant to utilize this biomass for bioethanol production. A case study for the area of
Ptolemais (Region of Western Macedonia, Greece), where CERTH labs lay, is presented, in



line with the post-lignite era needs of the area. Furthermore, alternative exploitation of the plant
biomass like solid biofuel and biopolymers was addressed. Concluding, the business plan was
proved viable with an IRR to be 9% and an NVP figure to be 3,307,650€ with a reference plant
of 500,000 litres of biofuel.

3. Exploration for new applications (UPM, CARTIF, CERTH)

From the very beginning of the project, the ideas of circular economy and zero-waste practices
were very important for the partners. Thus, experimentation on the possible uses of the emerged
part of the plant (which was not used for bioethanol production) has been a significant part of
this project, in order to fully utilize the harvested plants for the production of added-value
products (Figure 9). Throughout the project, many such products have been examined. CERTH
carried out experimental investigation of the potential valorisation of the hydrolysate of the T.
domingensis lignocellulosic biomass sent from CARTIF (1 L of glucose-concentrated biomass
hydrolysate and 1 kg of lignin solid residues) to produce high added value products like PHB
biopolymers, via bacteria fermentation and exploitation of the lignin residues for the
enhancement of the mechanical properties to the biopolymer films. The proof of concept was
achieved within the project. These biopolymers have very promising qualities and can be
utilized as packaging materials or even in biomedicine. However, the production and the
exploitation of biopolymers on a larger scale could be investigated in another project or to be
incorporated into the After-LIFE plan of the Biomass C+ project. GA-UPM tested the potential
of producing fiber-based materials, mulch, and fodder for livestock, with satisfactory results in
all cases. Finally, CERTH labs in Ptolemais created pellets from unused biomass, pure or in
mixture with the kernel, which upgraded their qualities.
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Figure 9. All of the added-value products that were tested during the implementation of the project

6.1.6 Action D1 Project performance indicators (CERTH & UPM)
Start date: 01/10/2017
End date: 30/12/2022

All partners have committed to gather the data obtained during the project and sharing it with
the rest of the consortium. This has been achieved through the established protocols (Action
A2).



The observation areas were all the areas that implemented the trial sites in both Greece and
Spain. CERTH and UPM continuously monitor the performance indicators of the project like
the weather, water quality, biodiversity, etc. Regarding the weather, the main objectives of the
monitoring were the selection of the appropriate season for propagating the plants in the
greenhouse and the establishment of GFFs in the water bodies. The water quality analysis
before the establishment of the GFFs was conducted in order to evaluate the conditions of
growth of the plant and the nutrients. Most of the results showed characteristics within the
tolerance range of cattails. As regards to GFF performance, the survival and the growth rate of
the plants in the waterbodies were examined and found to be satisfactory for most of the sites.
The monitoring of the vegetation structure and biodiversity is implemented by observing and
recording the surrounding area of the water bodies. Another important factor examined was the
CO- captured from GFFs application during the cultivation seasons which was measured
between 3-5 kg CO, per m? of GFF net area.

Stakeholders’ consultation: Surveys were conducted at the beginning and the closing of the
project to quantify the results of communication with stakeholders. This would provide
information on how the presence of LIFE Biomass C+ in these areas changed people’s mindsets
or provided new information on subjects unfamiliar to the residents, like biofuels. This survey
included 4 main sections: Bioethanol, Phytoremediation, Environment, and EU Projects. The
results from the comparison between these two surveys suggest that an adequate number of
residents and local experts were positively influenced by the project’s actions in their area.
Specifically, there was an increase in people who knew what bioethanol (25%),
phytoremediation (37%) and cattails (40%) are. People who would rate their knowledge of
bioethanol higher than average also increased, while those who are not interested in the
environment decreased by more than 50%. More people had opinions on which measures
would be more effective in upgrading water and soil quality, mitigating climate crisis, and
protecting local flora and fauna.

Definition of indicators and protocols for monitoring and quantification: Indicators and
protocols for monitoring and quantification were agreed upon in the kickoff meeting of the
project; data gathering has been carried out since GFF installation as explained in the previous
paragraph.

In addition, HELPE RSSOPP has prepared the protocols for bioethanol/gasoline blends against
the European specifications for gasoline (standard EN 228 for Unleaded petrol — Requirements
and test methods) to be used for the blending tests of gasoline with bioethanol in different ratios
at its Refinery Laboratory in Thessaloniki. The protocols allow the characterization of the
bioethanol/ gasoline blends and include the determination of octane numbers (RON & MON),
Reid vapor pressure, oxygen, sulfur, and aromatics content in order to define the quality of the
final fuel and assess its suitability for the petrol engines.

6.1.7 Action D2 Conclusions and recommendations (CERTH & UPM)
Start date: 01/04/2021
End date: 30/12/2022

A detailed evaluation of the materials and methodologies that were chosen is included, from
the aquatic macrophyte T. domingensis and the GFF material to the bioreactor design and
stakeholder engagement practices. Project partners also describe some tips and lessons learned
from the actual field experience on facilitating the propagation, establishment, monitoring, and
harvesting processes. This is followed by an assessment of the derived results for all the project
actions, with a focus on the importance of the added-value products that were tested and
produced. The successful approach to the four main goals that were set in the project proposal
(carbon mitigation, zero competition to food production, efficient use of resources, and market



uptake with effects on rural development) is explained. A Life Cycle Analysis of environmental
aspects (LCA) and an analysis of Life Cycle Cost aspects (LCC) are also included. At the end,
a set of certain recommendations for future researchers and stakeholders who wish to replicate
the activities of the project is listed.

6.1.8. Action E1 General Dissemination
Start date: 01/10/2017
End date: 30/12/2021

1. Design and diffusion of dissemination and communication pack

Website: The project website was designed in Greek, English, and Spanish, and it is running
at
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http://biomasscarbonpositive.eu/. On the project’s website, all the actions are explained in
detail. The website was updated weekly during the project.

Social media channels were created to upload progress feedback and meeting information.
Twitter: It was not foreseen to have a Twitter account for the project; however, VOLTERRA
decided to use its company’s account to help disseminate the project’s events and results. A
significant decrease was observed in the traffic on Facebook in general and decided to move to
Twitter. By using the company’s account, the project took advantage of the current and already
established network from VOLTERRA. Making a new account specific to the project would
take a lot of time to reach a relevant network. All posts related to the project have the
#BiomassC+. So far, VOLTERRA posts about Biomass C+ project reached 12,322
impressions.

Facebook: 43 people liked, 45 people followed, 130 visited the page from the beginning of the
project and the posts reached 347 people so far.

YouTube: The videos regarding the training session were uploaded and a playlist was created


http://biomasscarbonpositive.eu/

in order to organize them in a logical order. Two other videos were created; the first one gives
an overall explanation of the project, and the second one shows the bioreactor’s prototype
designed and produced by CARTIF. So far,
the channel has 13 subscriptions and videos
have had in total 353 visualizations.

LIFE board and LIFE notice boards: All
partners have already placed notice boards
with LIFE and the project’s logo at the
entrance of their offices and the key
demonstration sites (Figure 10).

Project’s leaflets: The leaflets were
printed in three languages (Greek, Spanish,
and English) to inform target groups and to
be distributed at dissemination events held
throughout the project’s duration.
Layman's report: Layman’s report was prepared during the final months of the project and
published before the Final Conference. A QR code was available at the Final Conference for
everyone to scan and be able to get the document on their devices.

Objectives reached compared to proposal: every task planned in the proposal regarding the
chapter ‘Design and diffusion of dissemination and communication pack’ was successfully
achieved during the project, with the exception of the number of copies printed for the leaflets
and layman’s report. 750 leaflets were printed instead of the 1,500 originally planned.
Moreover, it was decided that the layman’s report would maintain an online format so no copies
were printed. This was decided because during and before the pandemic the online format
became the most used option and it was not worth printing.

Figur 10. Notice board placed in a trial site in Spain.

2. Networking with other LIFE and research projects and target groups
Networking with LIFE projects: A number of networking activities have been conducted by
project partners.
In Spain, Volterra made connections with several LIFE projects such as LIFE “The Green
Link” and LIFE “Mycorestore” which works on different technologies to generate alternative
sources of income for landowners. At the same time, Volterra has been in contact with LIFE
“Clean Ocean” to share ideas about the importance of establishing GFF. Finally, to understand
better the materials of the support of the filters, VVolterra met with LIFE “EPS Sure”. Moreover,
CARTIF met the LIFE “Yield” project to find possible enzymes to be used in the envisaged
biomass processing trials.
In Greece, CERTH team met with LIFE “Olive4climate” to share ideas about scaling the
project and making it economically viable. At the same time CERTH shares how the filters
work to possibly implement them at different olive oil factories.

Objectives reached compared to the proposal: during the project, 6 different LIFE projects
were visited in different networking activities, surpassing the 5 networking activities originally
planned. In the technical and final conference, it was possible to conduct networking activities
amongst specialists in the biomass/biofuel industry and environmental organisations. However,
reaching out to business stakeholders and policymakers was a challenging task and we did not
reach the >20 biofuel companies expected to reach.

6.1.9. Action E2 Information and awareness-raising for the general public
Start date: 01/01/2018
End date: 30/12/2022



1. Information and awareness raising for the general public
On the website, a total of 423 news stories have been in total published. This news describes
the progress of the project, from fieldwork to an article published and consortium meetings.
Here are a few examples of news published:
Scientific articles, monitor meetings, green filter installations, bioethanol obtained, layman's
complete, seminars, and conferences.
News published on the web page: 423
Press publications: 35
Local awareness news: 7

Objectives reached compared to proposal:

The consortium was active in dissemination activities and 423 have been shared during the
project. At the same time, we managed to publish 35 publications in the press, 10 more than
the objectives expected in the proposal.

Five field visits of interest groups to the sites were foreseen in the proposal, however, due to
COVID-19 restrictions the visit possibilities were highly restricted and we could not carry out
visits with a high number of participants.

2. Dissemination of the project efforts to technical/scientific audience
Presentation of the project to a specific
Dissemination of the project had been achieved through the presentations for interested groups
in the organization. Additionally, various audiences visited both the demonstrative areas and
the facilities of specific partners. The preliminary results as well as the technology and
optimum practices developed in the project have been explained at a technical level. Regarding
this period, we have reported 7 presentations for interest groups, 7 presentations to create local
awareness, and 11 participations in international conferences. Moreover, the first technical
seminar was successfully organized in Spain, in combination with the harvesting trials and the
SCM. The second technical seminar was organized by CERTH at the Municipality of Aetos
during spring of 2019 in Greece.
As it was included in the proposal different presentations were carried out to inform interested
stakeholders.
Participation in conferences
The final conference carried out in December 2022 summarized the results obtained in the
project and invited speakers from different organizations to present their results regarding the
biofuel sector in the framework of the Circular Economy. A total of 19 publications and posters
have been presented at different conferences throughout the project duration.

6.2.Analysis of benefits

The project’s progress focuses on the results achieved, deviations from the targets set initially,
and targets already met or exceeded

Actions Al and A2: No deviations recorded. All targets met.

Action C1: Trials in Spain were executed from 2018 until 2021, while in Greece from 2018
until 2022. A total of more than 2 tons of dry submerged biomass were harvested. Over 18000
m? of water bodies were influenced by the implementation of this project.

Action C2: The biomass compositional analysis and the pre-treatment lab tests for starch
hydrolysis were completed. Preliminary lab tests for the bioethanol production, mixing tests
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for the scale-up scenarios, and preliminary design process modeling for the scale-up scenarios
have been completed. HELPE RSSOPP prepared the protocols for bioethanol/gasoline blends,
following the European specifications for gasoline (standard EN 228 for Unleaded petrol —
Requirements and test methods). An innovative and unique bioreactor that performs both
fermentation and hydrolysis was designed and created by CARTIF and established in their
facilities. A high purity of bioethanol (90%v/v, 100L) was produced leading to the production
of biofuel.

Action C3: All replication activities have been completed, three implemented by VOLTERRA
in Spain and eight by CERTH in Greece. Also, CARTIF has completed contacts with three
biorefineries to replicate the bioethanol production process.

Action D1: All implementation partners have been monitoring their areas under the guidance
of GA-UPM protocol for the field trials and under the protocol provided by CERTH for the
bioprocessing activities. No deviations met.

Action D2: All targets met. No deviations occurred.

Action E1, E2: All targets met or even surpassed. No deviations met.

As regards the After-Life period of the project, partners will continue their activities.

CERTH will support the interested stakeholders in establishing GFFs in their lagoons as a
phytoremediation mean and cost-effective solution by reducing the cost of wastewater disposal.
In addition, CERTH will support biogas producers by suggesting the optimum mixtures for
biogas production, including the aerial part of the T. domingensis. Furthermore, through the
business plan based on the circular economy approach of LIFE BIOMASS C+ project, CERTH
can advise potential investors in line with the market uptake of the project idea. Finally,
CERTH will use the basis of the results of LIFE BIOMASS C+ project for future research
activities, especially in the biofuel sector. In this direction, a workshop was organized in May
2022 in Madrid with the involvement of two other EU research projects (CO2SMOS and
BIOSFERA). The main initiative was to start building a research platform in the field of
biofuels and biomaterials.

UPM will continue to provide practical training in the production of Typha seedlings to those
who express their interest. Additionally, the network created in the field of Typha propagation
and phytodepuration consultancy will be maintained for the next years.

CARTIF will organize visits to the pilot plant erected within the project to inform interested
stakeholders from the field about this innovative bioreactor. The results obtained from the
Biomass C+ project will form the basis for future projects. Furthermore, CARTIF could
provide industrial services to other companies by examining different substrates for bioethanol
production as the EU proposes mixtures of substrates for industrial production of biofuels
production.

HELPE RSSOPP will employ the results obtained from Biomass C+ project in order to take
full advantage of the opportunities arising from the energy transition. Furthermore, the results
of this project are going to be presented as a useful case study, within the company — aiming to
show HELPE RSSOPP commitment to transforming the biofuel industry to a more sustainable
one by “leading by example”.

VOLTERRA and COMRA will offer training for staff and operators interested in replicating
the idea of the project. Furthermore, the protocols and methods designed during the project to
monitor performance and ensure efficiency will be applied and optimised in the replication
sites.

All the partners of the project will continue the communication, dissemination, and raising
awareness activities. The website of the project will be maintained for at least 5 years and will
be updated with relevant news from the partners and other entities.



1. Environmental benefits:

a. Direct/quantitative environmental benefits:
e Land use change mitigation: A clean, dependable method to produce biofuel without using
agricultural land was developed, countering the competition for land with food crops.
¢ Reduction of GHG emissions: Producing bioethanol from a feedstock like T. domingensis, in
comparison to corn e.g., requires significantly less amount of energy and water, which
translates into lower associated carbon emissions.
e Biodiversity: Observations from partners and locals suggest enhancement of local
biodiversity by species of Anura (frogs and toads), Odonata (dragonflies and damselflies)
Diptera (mostly mosquitoes), and some aquatic gastropods. Two individuals of Natrix natrix
were also encountered (Vegora). Some wild pollinators and birds would occasionally appear.
Anas platyrhynchos was observed on contingency channels (Madrid). Other emergent aquatic
vegetation including Typha spp., as well as some floating vegetation (e.g. Lemna spp).
Occasional appearance of weeds (not planted species) growing in GFF’s trays such as
Scirpoides holoschoenus, Cyperus spp., Juncus spp., Poa pratensis, ...)
e Landscape: improvement of landscape through the creation of new, green aquatic habitats in
non-vegetated water bodies.

b. Qualitative environmental benefits

1. LIFE Climate Action:

e Long-term sustainable technology: CARTIF designed and built an innovative bioreactor
that performs both fermentation and hydrolysis processes. This unique technology was
created in the framework of this project and is now available to the world.

e Change of behaviour: The project affected stakeholders and locals (where implementation
took place) to understand more about biofuels, aquatic ecosystems, climate crisis effects,
and EU policies on the environment, as was shown on the surveys conducted at the
beginning and at the end of the project.

2. Economic benefits:

e No use of agricultural land: This was one of the main aims of this project, which was also
achieved. Zero competition to agriculture for food production is expected to decrease prices
both in bioethanol and food, thus contributing to the struggles against poverty and food
scarcity.

e Local economic development: Locals can uptake the methodology of the project to create
their own phytoremediation business and even supply harvested biomass to biorefineries for
extra income. Utilization of local nurseries for propagation activities and local wastewater
ponds or lagoons for the establishment provides extra economic benefits for the community
too.

e Marketability of added-value products: Alternative utilization of unexploited biomass for the
production of products like solid biofuel (pellet), fodder, mulch, biopolymers, fiber-based
materials, etc. provide extra profit potential from the implementation of the project.

e Marketability of floating supports for cattails: Floating trays have been developed for the
implementation of the project. This technology may provide the manufacturer with a new
product line.

¢ New technological achievement: The bioreactor that was developed in Spain is unique of its
kind and can be replicated by refineries around the world, to upgrade their equipment.

e Energy saving: By implementing phytoremediation, the energy demanded from mechanical
water treatment is severely reduced.



e New jobs: Many people can find a job through the continuation of LIFE Biomass C+ as a
new business. The project targets the following main actors of the value chain: a) nurseries, b)
water bodies owners c) operators of logistics centres d) biorefineries. The propagation,
establishment, and care of aquatic plants demand specialization, which is expected to lead to
the creation of new jobs. Workers are required for the establishment, harvesting, transportation,
and processing of the cattail biomass. The exploitation of emerged biomass for the added value
products that were tested in the course of this project is also expected to create new jobs. The
best-case scenario is the development of a biorefinery in the local area, which would provide
jobs to scientists, workers, customer service and logistics personnel, etc.

3. Social benefits:

Apart from new job opportunities occurring by the implementation of the project, the gender
and age neutrality of these jobs are highlighted. This is especially important in the case of
Greece, where the trials were held in the Region of Western Macedonia, which is expected to
be severely influenced by the post-lignite era that is being enforced. New jobs for ex-miners or
power plant workers will be demanded. Even during the project’s events (seminars, visits, etc.),
no people were excluded regardless of social status, occupation, age, etc. Among the local
population and students, awareness of what they can contribute to address climate change
threats and their opportunities for environmental recovery and socio-economic growth was
increased, as was shown by the surveys conducted.

4. Replicability, transferability, cooperation:

The project partners put replication activities on priority. Several sectors, like farming facilities,
food industries, municipal sewage management companies, biogas units, etc. were contacted,
visited, informed, and even participated in the project. By organizing networking activities and
events to raise local awareness, the scope of transferring the methodology of establishing GFFs
to the general public and interested stakeholders became achievable. Emphasis on the
replication activities was given on biorefineries. According to the legislation in Greece
(L.3054/2002, article 15A) the contribution of bioethanol to the energy content of gasoline
must be the following: 1.6% (2018), 2.3% (2019), and 3.3% until 2020. Taking advantage of
the starch- and lignocellulose-rich rhizomes of Typha, along with the no-competition-to-food
status, the cultivation in multiple water bodies was fruitful and adapted to climate crisis
strategy. Partners from CARTIF promoted the concept idea to relevant stakeholders, presenting
it as an innovative, cost-effective solution. A cost-benefit analysis for all the stakeholders is
included in the business plan.

All in all, the project is easily replicable in many sites of Europe and the whole world. The
plant that was used is almost cosmopolitan, thus it can be easily found and grown in local
nurseries. Wastewater lagoons and their proper management are also a problem wherever water
is consumed (residencies, industries, farms, etc.). The limiting factor is the decision of investors
to create biorefineries where such feedstock, produced through the GFF technology, can be
converted to bioethanol.

5. Best Practice Lessons:

e Experimentation on the floating trays’ material led to the decision that Expanded
Polyethylene (re-cycled EPE) was cost-effective and the most suitable solution to the GFFs.

e Seeders are required to ensure that the required amount of seeds has been placed successfully
in each tray cell. The transplanting at upscale scenarios is unavoidable. Hence this procedure
corresponds to an additional cost (labor work and additional trays and substrate/soil)

¢ In Greece, a total of six trial sites were examined, in an attempt to recognise the ideal
conditions for cattails to grow. The conclusion was that sites with eutrophic or polluted water,
easily accessible, with no natural aquatic vegetation, low risk of invasion of Typhas to natural
habitats, protected from extreme weather conditions (especially wind) and low to zero flow are
ideal.



e According to the life cycle of the plant, establishment in the water bodies should be performed
from May to mid-June and harvesting from late November to January, always taking into
consideration local climate and weather conditions.

e In order to make planting easier, avoid soil loss, and give more stability to the seedlings
during the first months, VOLTERRA tested some planting bags made out of biodegradable
cotton. The trials with the bag were very successful, as they achieved completely their purpose
without preventing root growth.

6. Innovation and demonstration value:

The production of zero-input biomass through the GFF technology implementation in multiple
water bodies is an innovative methodology in the biofuel production sector. This
characterization comes from the fact that T. domingensis presents a rare potential, with high
starch and cellulose content in its roots and rhizomes. Moreover, it grows in water bodies with
high nutrient content, which can be utilized in neither human nor animal nutrition. This
produced starch is ideal for other purposes, in this case, the production of bioethanol. The
bioethanol can be used as a mixture with gasoline giving a sustainable biofuel adapted to
climate crisis mitigation strategies. The bio-processing section also evolved during the project,
as the industrial-scale bioreactor designed by CARTIF specialists performs both the hydrolysis
and steps, which is a cost-effective solution for the application in existing biorefineries.

7. Policy implications:

a. Contributing to the future implementation, design, or take-up of regional, national,

or European legislation

The biofuel that has been produced through the Biomass C+ project will contribute to the
directive of RED II [Directive (EU) 2018/2001 of the European Parliament and of the Council
on the promotion of the use of energy from renewable sources] for the greenhouse gas emission
savings from the use of biofuels referred to be at least 65% for biofuels used in a range of units
after 1 January 2021. In the case of ethanol produced from starch, the typical greenhouse gas
emissions saving is approximately 67-79%. The application of GFFs for future use requires
multiple water bodies. Hence, the successful implementation of the concept needs areas with
water bodies. On the other hand, since the produced biomass will be used for biofuel production
purposes, biorefineries are required too.

b. Unintended impacts, bottlenecks, or barriers to the implementation of your project
due to regional, national, or European legislation including recommended actions
further to actions already taken to overcome these barriers

Since the combination of the above conditions is not met in all European countries, the
synergies between different countries should be developed towards the achievement of the
project’s target. This means that the conditions of biomass transportation should be taken into
consideration in the European legislative framework to promote similar project ideas.



