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In Germany, the pilot explored advanced digital technologies for manufacturing by implementing a digital 

companion system supporting the assembly and lifecycle monitoring of hybrid electric engines. The solution 

integrates digital twin concepts, sensor data collection, and augmented reality interfaces to support workers 

during complex assembly tasks and improve traceability of production processes. The national report is 

attached as an annex. 

Finally, a pilot planned in Austria aimed to conduct a Life Cycle Analysis (LCA) for lighting products. Although 

the pilot did not proceed to implementation due to financial constraints faced by the participating SME, the 

matchmaking process successfully demonstrated the potential for collaboration between research 

institutions and industrial partners in the field of sustainability assessment. The national report is attached 

as an annex. 

E. Cross-regional analysis of pilot results 

When analysing the results of the pilot activities across the participating Central European regions, several 

common themes emerge that highlight both the opportunities and challenges associated with SME 

innovation. One of the most notable findings is the strong role of digital technologies in enabling operational 

improvements for SMEs. Many of the implemented solutions focused on increasing transparency, automation, 

and efficiency within business processes. For example, the MES monitoring system implemented in the Czech 

Republic enabled real-time monitoring of machine performance, allowing production managers to identify 

downtime patterns and improve process efficiency. Similarly, the robotic warehouse automation solution 

implemented in Italy demonstrated how automation technologies can reduce manual handling and increase 

operational reliability. 

Another important theme is the growing relevance of artificial intelligence and data-driven tools for SMEs. 

The Slovenian pilot showed how AI can be applied to automate content creation and communication 

workflows, allowing small companies with limited marketing resources to maintain a professional digital 

presence. The German pilot further illustrated how advanced digital technologies such as augmented reality 

and digital twins can support complex manufacturing processes. 

Sustainability-oriented innovation also played an important role within the pilot activities. The Hungarian 

pilot focusing on mycelium-based packaging materials demonstrated the potential for bio-based materials 

to replace fossil-based products in packaging applications. Although further research is required to improve 

certain material properties, the pilot showed that circular material solutions can be developed using locally 

available agricultural resources. Despite the overall success of the pilot activities, several challenges were 

also identified. SMEs often face resource constraints and financial uncertainty, which can affect their 

willingness to invest in new technologies. This was illustrated by the Austrian pilot, where the participating 

SME decided not to proceed with the planned Life Cycle Analysis due to budgetary considerations. These 

findings highlight the importance of continued support mechanisms for SMEs, including financial 

instruments, innovation advisory services, and accessible digital tools. 
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F. Lessons learned and future perspectives 

 

The implementation of the pilot actions within the GREENE 4.0 project provides valuable insights into how 

innovation ecosystems can support SME transformation in Central Europe. 

One of the most important lessons learned is that structured facilitation plays a critical role in enabling 

successful collaboration between technology providers and SMEs. The B2GreenHub ecosystem served as an 

effective platform for matchmaking and coordination, ensuring that both parties had a clear understanding 

of the objectives and expectations of the pilot activities. 

Another key lesson concerns the importance of simplicity and accessibility in technology adoption. Solutions 

that required minimal changes to existing infrastructure or that could be implemented quickly were 

generally more easily adopted by SMEs. For example, the digital communication tools implemented in Poland 

and Slovenia were integrated into existing workflows with minimal disruption. 

At the same time, the pilots also demonstrated the potential for more advanced technologies to deliver 

significant long-term benefits. Solutions such as robotic automation, digital twins, and real-time production 

monitoring systems have the potential to significantly improve productivity and sustainability in 

manufacturing sectors. 

Looking ahead, the results of the pilot activities suggest that future innovation programmes should continue 

to focus on combining technological experimentation with practical SME support services. Providing SMEs 

with opportunities to test innovations in real operational environments reduces the perceived risk associated 

with adopting new technologies. 

Furthermore, the pilots demonstrate the importance of cross-regional collaboration within the Central 

European innovation ecosystem. By sharing experiences and knowledge across regions, SMEs and innovation 

actors can accelerate the diffusion of successful solutions. 

In conclusion, the pilot actions implemented within the GREENE 4.0 project represent an important step 

toward building a more resilient, sustainable, and digitally advanced SME sector in Central Europe. 
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1. Executive summary 

This document presents the implementation report of the pilot activity carried out under Service 
C – Support of pilot testing in realistic operational environments within the GREENE 4.0 project. 
The pilot focused on developing and testing MycoCrate, a mycelium-based sustainable packaging 
solution (MycoCrate) designed to replace fossil-based, non-biodegradable packaging materials 
with environmentally friendly ones. The implementation was conducted by Szimbio Lab in 
collaboration with UgrinPack-Erdősi LTD. The objective was to validate the material’s growth 
conditions, mechanical properties, and environmental impact through an in situ prototyping 
process and a Life Cycle Assessment.  

2. Introduction and context  

The GREENE 4.0 project supports SMEs in their green and digital transformation by testing new 
sustainable value chains. This pilot, part of Activity 3.4, validates an innovative bio-based solution 
in a real operational environment. The MycoCrate project specifically addresses the need for 
circular material utilization by transforming agricultural byproducts into high-value packaging. 

The main objectives were: 

 To identify the most effective fungal-substrate combinations for packaging 
function through radial growth tests. 

 To assess the most effective fungal substrate combinations’ usability in packaging 
applications through mechanical testing (compressive strength, anti-fungal 
properties, and water absorption). 

 To validate operational feasibility by manufacturing a standard-sized prototype. 
 To demonstrate a new local green value chain between the agriculture, bio-

material developer, and a packaging manufacturer. 

3. Pilot Participants 

3.1. Solution Provider   

Company name: Szimbio Lab, Dóra Márföldi 

Country: Hungary 

Role: Solution provider 

Solution: mycelium-based solutions for replacing fossil-based packaging items, including material 
research, material testing, and prototyping. 

Szimbio Lab is an innovative bio-based materials solutions lab, focusing on mycelium-based 
composite development.  
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3.2. Solution Seeker / Pilot Environment 

Company name: UgrinPack-Erdősi LTD 

Country: Hungary 

Role: Solution seeker/pilot host 

UgrinPack LTD is a Hungarian SME operating in the packaging industry. The founder of the First 
Hungarian Packaging Technology Cluster is seeking sustainable solutions. 

4. Description of the Piloted Solution 

The piloted solution is "MycoCrate," a solid mycelium-based composite packaging that replaces 
fossil-based packaging. It uses the natural growth of fungal hyphae to bind organic agricultural 
waste into a structural material. 

Key features implemented: 

Circular material use: Utilization of hemp fiber, hemp shives, rapeseed straw, and wheat straw as 
substrate. 

Material testing: exploring the material properties that affect the usability in packaging 

Sustainable Manufacturing: carbon footprint assessment in the lab-scale manufacturing  

Biodegradability: A fully compostable alternative to expanded polystyrene (EPS). 

5. Pilot Methodology and Implementation Process 

This chapter documents the actual technical implementation of the MycoCrate project’s workflow 
used during the pilot. The implementation followed a structured workflow divided into four main 
Work Packages (WP), which are described as implementation steps: 

Step 1: Fundamental research on the growth conditions of various fungal-substrate combinations 
(WP1) _ Identifying the best fungal-substrate combinations for further testing and prototyping 

Investigation of the growth conditions of various fungal-substrate combinations with radial growth 
tests, including 4 fungal strains (Fomes fomentarius, Ganoderma lucidum, Trametes hirsua, 
Trametes versicolor) and four waste-sourced biomass (hemp fiber, hemp shives, rapeseed straw, 
wheat straw) 

identifying the two combinations with the fastest mycelial growth and the strongest hyphal 
structure to conduct further assessments, and  

supplementary tasks: particle size analysis and chemical characterisation of the substrates used 

Outcomes: 

The outcomes of the radial growth tests are shown in Figure 1. 
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Figure 1. Petri dish specimens with various fungal-substrate combinations after fourteen days of 
incubation 

The fastest and strongest mycelium growth was attributed to the Trametes hirsuta 
fungal strain. This strain was combined with hemp shives and rapeseed straw for the 
material tests. 

 

Step 2:  Material testing (WP2) _ Validation of the viability of the utilization in packaging through 
material tests 

Standard-sized samples were cultivated for four weeks with the two most viral fungal-substrate 
combinations identified in WP1, for investigations on compressive strength, antifungal test, and 
water absorption, in accordance with the relevant standards 

Compressive strength tests: according to DIN EN ISO 844:2021-07 norm - 10 specimens were 
assessed per fungal-substrate combination 

Water absorption tests: in accordance with the literature [9] – 5 specimens were assessed per 
fungal-substrate combination 

Antifungal tests: according to the DIN EN ISO 846 norm - 5 specimens were assessed per fungal-
substrate combination 
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Outcomes:  

Compressive strength tests:  

The Trametes hirsuta-hemp shives composite consistently demonstrated enhanced 
compressive stress and stiffness (99.51-137.00 kPa at 10% strain), which is competitive 
with the compressive stress values of the EPS packaging materials (101 to 177 kPa).  

The Trametes hirsuta-rapeseed straw combination’s stress values were considerably 
lower (16.54 kPa to 33.88 kPa) 

 

Water absorption tests:  

The examination highlighted a two-phase water-absorption model for both assessed 
fungal-substrate combinations, in which the initial capillary infiltration is followed by 
diffusion-driven saturation  

The tested fungal–substrate combinations generally exhibit high water absorption, 
underscoring the need for further research to improve their water resistance 
properties.  

 

Antifungal properties: 

The visual characterization results are seen for both fungal-substrate combinations in 
Figure 2. 

Limited antifungal performance for both fungal-substrate combinations, suggesting 
limited inherent antifungal properties 

This result suggests that untreated mycelium-based composite materials currently lack 
sufficient antifungal resistance for direct food-contact packaging applications. 

Antifungal performance could potentially be enhanced using natural coating agents; 
this hypothesis requires experimental validation, and further research is needed to 
assess coating effectiveness, durability, and safety. 
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Figure 2. Visual evaluation of the examined fungal-substrate combinations. 

 

Step 3: Prototyping (WP3) _ Development and validation of a small-scale shipping container 
prototype. 

Digital manufacturing of the growth form and cultivation of the MycoCrate prototype 

The crate prototype was designed and grown based on a standard-sized commercial plastic 
shipping crate (40 × 30 × 15 cm) 

standard Trametes hirsuta-hemp shives fungal-substrate was utilized for the prototype’s 
cultivation 

The manufactured prototype is shown in Figure 3. 

 

Figure 3. MycoCrate prototype 

Step 4 : LCA (WP4) 
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Scope: cradle-to-grave LCA in accordance with DIN EN 15804 [16] to assess the carbon footprint of 
the MycoCrate product 

Assessed life cycle stages (System boundaries): production phases (A1-3): raw materials, material 
transportation, manufacturing, the downstream to the customers (A4), and the end-of-life 
scenarios (EoLSC) 

Functional unit: lab-scale production of 1 40 × 30 × 15 cm MycoCrate product 

End-of-life scenarios: home composting (EoLSC1), industrial composting (EoLSC2), recycling as 
supplementary MBC raw material (70% of the material is recycled, and the rest is incinerated for 
heat recovery) (EoLSC3), incineration for heat recovery (EoLSC4), landfilling (EoLSC5), and reuse 
as packaging material (250 km of transportation was calculated for the take-back of packaging 
material) (EoLSC6). 

Data collection: resource materials used, the energy required for growth and manufacturing, and 
the output flows, all of which are key factors in the production process. Everything was measured 
based on the lab-scale production 

Data type: secondary data, Ecoinvent v3.11 and Agribalyse 3.2 datasets 

Utilized software: OpenLCA 2.2  

Impact assessment method: EF 3.1 Method 

Outcomes: 

Across the A1–A4 life-cycle stages, manufacturing (A3) is the dominant contributor to 
environmental impacts, accounting for 74.21% of net GWP (12.68 kg CO₂ eq) and 64% of fossil-
based GWP due to high electricity demand, although it is not the main driver of land-use related 
GWP.  

Transportation to manufacturing (A2) is the second-largest contributor to net GWP at 15.26% (2.61 
kg CO₂ eq) and also has a notable share in fossil-based GWP.  

Raw material supply (A1) contributes a smaller share to net GWP (7.29%) but is the primary 
contributor to GWP_land use (81.63%), mainly driven by hemp production.  

Downstream transportation (A4) has the lowest impact across all categories, contributing less than 
4% to net and fossil GWP and negligible shares to biogenic and land-use GWP. 

EoL: 

Net GWP outcomes for the developed EoL scenarios, including processing activities and the impact 
credits generated from recovered products or secondary material streams, are presented in Figure 
4. 
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Figure 4. Net GWP impacts of the various elaborated EoLs, including processing activities and 
recovered materials. 

most beneficial EoL scenario: reuse, which achieves 16.4899 kg CO₂ savings by 
extending the material’s carbon storage period.  

second most favourable scenario: landfilling (0.7315 kg CO2 sequestration) 

Incineration for heat recovery is also advantageous, yielding a CO₂ savings of 0.4676 
kg.  

home and industrial composting: do not contribute to long-term CO₂ reduction and 
instead result in additional CO₂ emissions. The net GWP values are 0.0089 kg CO₂ for 
home composting and 0.0579 kg CO₂ for industrial composting. 

The most unfavourable scenario: recycling the MBC as a raw material for further MBC 
production. In this case, the biomass's biogenic carbon storage potential is reduced 
because less hemp husk can re-enter the product system, thereby limiting the flow of 
biogenic carbon into the material cycle. 

Thanks to the circular substrate utilization, the material contributes to CO₂ 
sequestration as biogenic carbon. 

Although packaging applications exhibit a relatively short service lifespan, the duration of 
carbon storage can be extended through appropriate EoL treatments.  

The elaborated scenarios demonstrated that this extension can be achieved through 
standard waste management strategies, such as reuse and landfilling. This indicates 
that implementing mycelium-based composite materials does not require changes to 
existing waste treatment practices.  
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6. Roles and Responsibilities 

Szimbio Lab, Dóra Márföldi: Responsible for the mycelium-based composite research, the material 
testings, prototyping, and the LCA data collection 

 UgrinPact-Erdősi LTD.: Acted as an industrial user, providing the expertise for the 
prototyping process. 

 Magyar Gazdaságfejlesztési Ügynökség (MGFÜ): Acted as facilitator, ensuring 
methodological compliance, coordination between parties, and alignment with GREENE 4.0 
objectives. 

7. Contribution to GREENE 4.0 objectives 

The pilot contributes directly to the GREENE 4.0 objectives by: 

 Enhancing the circular economy principles through local supply chains 

 Contributing to the green transition in the field of packaging with the validation of the 
mycelium-based composites’ usability  

 Supporting the development of meaningful connections between industrial stakeholders 
and providers of green solutions 

8. Conclusions and Next Steps 

The MycoCrate pilot successfully demonstrated the feasibility of using mycelium-based composite 
materials as sustainable alternatives to fossil-based packaging. 

Key Outcomes:  

 Identification of optimal fungal-substrate combinations and validation of physical 
properties through material tests and prototyping. 

 Validation of the material’s sustainability through lab-scale carbon footprint assessment 

Next Steps:  

 Further optimization of growth cycles, industrial scaling with UgrinPack-Erdősi Ltd 

 Expanded testing of mold resistance  

 longevity testing in diverse shipping environments 

 LCA in industrial scale 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

D3.4.2: Pilot and testing report - Italy 

Implementation of an automated loading and unloading solution 

for a vertical warehouse 













































 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

D3.4.2: Pilot and testing report - 

Slovenia 

Implementation of an AI-driven Content Factory Solution at LDK 

Tech, Dejan Lorber s.p. 



































 

 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

D3.4.2: Pilot and testing report  - 
Germany 
Implementation of DIREKT digital companion solution for hybrid 
electric engines at CHESCO GmbH 















 

 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

D3.4.2: Pilot and testing report  - Austria 
Implementation of a life cycle analysis  






