
Layman’s report

circforbio.eu



The achievement of high GHG emission 
savings from the substitution of fossil fuels 
with advanced biofuels while promoting 
the circular economy concept for biomass, 
through:

(i) the implementation and demonstration 
of an innovative biorefinery concept for 
the production of bioethanol and other 

LIFE CIRCforBIO Aim

The LIFE CIRCforBIO biorefinery approach 

bioproducts from biomass produced 
from household, catering (restaurants, 
cafeterias and bakeries) and industrial 
food waste  as well as from agricultural 
residues and
(ii) the creation of an interactive platform 
for facilitating the materialisation of 
the circular economy concept for 2nd 

generation biomass in Greece.

The LIFE CIRCforBIO biorefinery system 
constitutes a flexible multi-feedstock 
biorefinery which enables the treatment 
and valorization of municipal and industrial 

waste biomass by converting it into a range 
of value-added product such as used oil for 
biodiesel production, bioethanol, biogas 
and fertilizer.
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The LIFE CIRCforBIO biorefinery concept
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The LIFE CIRCforBIO biorefinery installation

The LIFE CIRCforBIO biorefinery components

Thermal pretreatment unit – 
Dryer

A rotary drum dryer using biomass as 
fuel is used for the thermal pretreatment. 
The dimensions of the drum are 0.95 
m diameter and 6.00 m length.1 tonne 
of feedstock of 85% initial moisture can 
be processed after 8 hours. The output 
materials have 6% - 8% moisture. This 
process is important for two reasons:
i) Stabilizing the feedstock inhibiting 
biodegradation and enabling long 
period storage.
ii) Destroying the structure of biomass 
fibers and making them more accessible 
for subsequent processes.
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Oil Extraction Unit

The prototype unit for the extraction 
of oils from biowaste applies a solid-
liquid extraction method using hexane as 
solvent. The main components of the unit 
are the main tank where the extraction of 
oils takes place and the distillation tank 
where the solvent is separated from oils. 
The collected biogenic oils were analysed 
and proved of high quality, suitable for 
biodiesel production.

Anaerobic digestion plant

The anaerobic digestion system includes 
a plug flow reactor of 5 m3 active volume 
with an horizontal agitation – mixing 
system. In this system, all the residues from 
the previous steps are treated in order 
to produce biogas. The system is energy 
autonomous as it uses the produced 
biogas for the heating requirements of 
the reactor keeping the temperature at a 
mesophilic range (around 35oC).

Bioethanol bioconversion 
System

The installed bioreactor is utilized for the 
production of bioethanol from biowaste 
via enzymatic hydrolysis and fermentation. 
The volume of the bioreactor is 2 m and 
the feedstock processed per batch is about 
200 to 500 kg. Commercial and tailor-
made enzymes as well as typical baker’s 
yeast are used in this process unit. In the 
same tank the distillation of the produced 
ethanol also takes place.

The collected bioethanol was tested 
and evaluated for biofuel applications 
according to relevant specifications and 
was proved of high quality.
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LIFE CIRCforBIO biorefinery is installed 
at Lavrion Cultural & Technological Park. 
Its operation was made possible by the 
collection of different biowaste streams 
from food industries such as ASPIS S.A. 
(Hellenic Juice Industry), EZA brewery 
(Hellenic Brewery of Atalanti) and 
TSAKIRIS S.A. (Potato Chips Industry) and 
biowaste from Lavreotiki households & 

The LIFE CIRCforBIO biorefinery operation

LIFE CIRCforBIO biorefinery results 

restaurants, bakeries and cafeterias. During 
the operation and demonstration phases 
(that lasted around a year), almost 70 tn of 
different biowaste streams were delivered 
and processed in the biorefinery plant. The 
energy requirements for each process unit 
were monitored in real-time to ensure 
efficient operation and the process yields 
were estimated and assessed.

Parameter Processed 
feedstock (kg) Oil extracted (kg) Total ethanol (L) Biogas (m3)

FW 5870 115 204 308

SCG 4000 260 56 95

OP 3000 46 51

BSG 2200 24 28 65

PP 3030 70 56

Chips 2040 550 650 126

Starch 4000 2278 248

BW 2150 728 157

Total 26290 4060 1106

Technical
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concentrations (66.1 g/L and 72.5 g/L, 
respectively), confirming their efficiency in 
fermentation. However, potato peels (PP) 
and orange peels (OP) show lower ethanol 
concentrations, indicating the need for 
further optimization in their bioconversion 
processes. The high pollution removal 
efficiency rates observed for FW (92.7%) 
and chips (91.7%) further reinforce their 
environmental benefits, ensuring effective 
organic load reduction in wastewater 
treatment.

Despite certain feedstocks displaying 
lower economic feasibility under the 
current process setup, Table 1 suggests that 
alternative valorization methods could 
enhance their sustainability potential. For 
instance, while brewer’s spent grains (BSG) 
and SCG yield comparatively lower ethanol 
outputs, their organic content makes 
them suitable for anaerobic digestion, as 
reflected in their respective biogas yields. 
Similarly, the moderate pollution removal 
efficiency rates of some feedstocks, such as 
OP and PP, indicate potential for further 
pretreatment improvements. Overall, the 
data in Table 1 provide a comprehensive 
basis for selecting optimal feedstocks, 
balancing biofuel production efficiency 
with waste management sustainability.

The results obtained in the DEMO 
biorefinery are very satisfactory and in line 
with the lab scale experimentation. 

Table 1 presents key performance metrics 
for different feedstocks processed in the 
LIFE CIRCforBIO biorefinery during the 
operation phase, offering valuable insights 
into their biofuel production potential and 
waste valorization efficiency. 

Food waste (FW) emerges as a standout 
feedstock, demonstrating the highest 
ethanol yield (90.4%) and a substantial 
biogas production volume (308 m³), 
highlighting its suitability for biofuel 
applications. 

Chips, with an ethanol yield of 94.3%, 
also show strong conversion efficiency, 
reinforcing their potential as a valuable 
bioresource. 

Conversely, spent coffee grounds (SCG) 
exhibit the lowest ethanol yield (53.5%) 
and a moderate pollution removal 
efficiency (49.8%), suggesting challenges 
in their bioethanol conversion, despite 
their potential for alternative valorization 
pathways.

Comparing different waste streams, the 
results emphasize significant variability 
in bioethanol concentration and total 
ethanol yield across feedstocks. Starch-
based materials, such as bakery waste 
(BW) and starch (S), achieve high ethanol 
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Climate

Economic-business potential

Key climate benefits of the LIFE CIRCforBIO 
process are associated with the:

•	 production of renewable advanced 
fuels from biomass resulting to 
significant GHG emission savings due 
to the substitution of fuels 

•	 avoidance of GHG emissions 
produced during waste management 
and escpecially disposal

•	 substitution of the use of mineral 
ferticilisers by the irrigation with the 
anaerobic digestion effluents.

•	 LIFE CIRCforBIO process may largely 
contribute towards meeting the 
2021 Glasgow agreement on climate 
change’s aim of less than 1,5oC and 
contributes to the phase-out of fossil 
fuels and the decarbonisation of 
the EU economy in accordance to 
European Green Deal goals.

Demonstrating the feasibility and 
viability of a tailor-made multi-feedstock 
biorefinery was a major challenge for this 
project, making this result a substantial 
achievement. 

The results of the economic analysis 
highlighted food waste (FW) as the most 
promising feedstock, requiring a gate 
fee of 31.75 €/ton to break even, which 
is significantly lower than 60% of landfill 
tax costs. Additionally, with 50% CAPEX 
funding, the scenario could achieve an 
IRR of 13.61% and an NPV25 of €6.2 
million, underscoring its strong potential 
for economic success.

More specifically, the CIRCforBIO 
biorefinery operation proved that the 
processing of 1 ton of food waste 
generates 20.7 kg CO₂ eq of greenhouse 
gas emissions, reflecting an 96% 
reduction in global warming potential 
(GWP) compared to conventional fuel 
production systems. Additionally, the 
system achieves a 97.8% reduction in fossil 
resource scarcity impacts, underscoring its 
efficiency in substituting non-renewable 
resources with circular, waste-derived 
alternatives. The CIRCforBIO biorefinery 
emerges as a viable and environmentally 
favorable alternative to traditional fuel 
production methods. Its ability to convert 
waste into high-value biofuels and energy, 
coupled with reduced GHG emissions and 
energy self-sufficiency, positions it as a 
transformative solution for sustainable 
industrial practices.

Bakery waste emerged as the most efficient 
feedstock for bioethanol production, making 
it highly profitable. However, challenges in 
feedstock availability and logistics may limit 
large-scale adoption, requiring solutions to 
ensure consistent supply. 

Spent coffee grounds were initially deemed 
non-viable, but an alternative approach 
excluding ethanol production proved 
promising, reducing the required gate fee to 
40.7 €/ton, with potential further reduction 
to 21.67 €/ton if 50% of CAPEX is funded. 
This finding is particularly relevant given 
SCGs’ high bio-oil content, which aligns 
with growing market demand for biofuels. 
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Transferability & Replicability 
Potential

The LIFE CIRCforBIO biorefinery 
model presents a highly transferable 
and replicable approach that can be 
adapted to various geographical and 
industrial contexts. Its multi-feedstock 
flexibility allows the system to process 
diverse biomass sources, including food 
industry waste, agricultural residues, and 
municipal biowaste. This adaptability 
makes it suitable for regions with 
different waste generation patterns, 
regulatory frameworks, and bioeconomy 
development levels. The project’s 
feasibility study and techno-economic 
analysis provide a standardized 
methodology that can be applied by 
other stakeholders seeking to implement 
similar circular bioeconomy solutions.

Moreover, the project’s integration within 
existing waste management infrastructure 
enhances its scalability and adoption 
potential. Many European municipalities 
are already establishing Circular Economy 
Parks and biowaste treatment facilities, 
where the LIFE CIRCforBIO biorefinery 
concept could be implemented. The 
active involvement of industrial partners, 
policymakers, and technology providers 
ensures that knowledge transfer is 
facilitated across different sectors. 
Additionally, the platform developed 
under the project serves as a collaborative 
tool, allowing stakeholders to exchange 
expertise, optimize logistics, and explore 
investment opportunities, further driving 
the expansion and replication of this 
sustainable waste valorization approach.

On the other hand, potato peels were 
found to be unfeasible, though other 
potato industry byproducts, such as raw 
potatoes and starch, present greater 
valorization potential.

Conversely, less economically viable 
feedstocks such as brewer’s spent 
grains, orange peels, and agricultural 
residues were found to be more 
suitable for anaerobic digestion (AD) to 
produce biomethane, aligning with EU 
sustainability and energy goals. 

Multi-feedstock scenarios demonstrated 
scalability and flexibility, offering solutions 
that combine different municipal waste 
streams with efficient logistics. 

The findings of this economic feasibility 
study provide valuable insights for 
investors, policymakers, and industry 
stakeholders, helping to guide the 
development of financially and 
environmentally sustainable bio-based 
solutions.
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entities /
individuals

reached
in total

8335

website
6826
unique visitors

circforbio.eu

social media
1180 followers

Facebook Twitter LinkedIn

LIFE CIRCforBIO Communication 

LIFE CIRCforBIO platform is operational 
and regularly disseminated in order for the 
population of its registered members. LIFE 
CIRCforBIO platform aims to create an 
interactive space where biomass suppliers 
(Food industries, biomass producers, 
Munipalities etc), biomass treatment 

LIFE CIRCforBIO platform

plants (composting, anaerobic digestion 
etc), technology providers, consulting 
companies and biomass transportation 
companies interlink, interact and 
communicate towards the sustainable 
valorization of 2nd generation biomass.

circ4bio.com
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3D video to virtually visit the biorefinary 
plant and get analytical info on the 
various components:

circforbio.eu/pilot-3d-virtual-tour/

LIFE CIRCforBIO Dissemination
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LIFE CIRCforBIO After LIFE

•	 The LIFE CO2toCH4 system will be 
connected to the CO2 output of 
the LIFE CIRCforBIO bioconversion 
reactor in order to valorise this 
stream. The demonstration of the 
innovative concept and process of 
LIFE CO2toCH4 (Demonstration 
of a mobile unit for hybrid energy 
storage based on CO2 capture and 
renewable energy sources (LIFE20 
CCM/GR/001642)) will be possible 
through living labs to take place at 
Lavrion Technological & Cultural Park 
on LIFE CIRCforBIO demo biorefinery. 

•	 The valorization of biogenic CO2 
produced during the drying process, 
the ethanolic fermentation and the 
anaerobic digestion from the LIFE 
CIRCforBIO biorefinery operation 
will take place within CRONUS 
project (HORIZON-CL5-2021-D3-03 
GA101084405: Capture and Reuse 
Of biogenic gases for Negative-
emission - sustainable biofUelS) also 
coordinated by NTUA, 

•	 The project website will be active for 
5 more years after the project end, 
to provide the website visitors full 
access in all the project information, 
activities, and results. The website 
will also include the research papers 
and technical publications from the 
project work to highlight its outcomes 
and achievements in the scientific 
community.
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•	 The notice board of the project will 
remain on site at the biorefinery at 
Lavrion Cultural and Technological Park 
as well as on the beneficiaries’ premises 
for 2 more years after the project 
end. Therefore, a concise overview 
of the project concept outlining that 
the innovative biorefinery system  
produces value added products 
through the treatment of  various 
streams biowaste will be visible to a 
broad network stakeholders that the 
project beneficiaries have cultivated. 
The envisaged activities implemented 
through LIFE CO2toCH4 and Cronus 
project ensure that the stakeholder 
base informed will be further widened.

•	 The platform will continue to be 
promoted by all LIFE CIRCforBIO 
project beneficiaries and will remain 
active, available to support involved 
stakeholders. 

•	 Moreover, NTUA has introduced a 
dedicated to biorefineries’ session to 
the annual International Conference on 
Sustainable Solid Waste Management, 
also organized by NTUA which allows 
for more dialogue and exploration of 
further paths for LIFE CIRCforBIO After 
LIFE activities.
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The project is co-funded by LIFE, the EU’s financial instrument supporting environmental, nature conservation and climate action projects throughout the EU.
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