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Executive Summary  

Within this document, the identification of the stakeholders has been performed and a series of 

questionnaires has been developed in order to define their requirements and needs, emphasizing on the 

potential benefits that CO2SMOS project should bring.  

Six (6) Target Groups (TG) have been selected to represent the stakeholder’s core and, based on these Target 

Groups, the appropriate questionnaires have been developed: 

a. Technology providers (biotechnology, chemical catalysts and electrochemical processes)  
b. Bio-feedstock suppliers (BBI industries, biomass producers, biogenic CO2 emitters) 
c. Industrial end-users of the intermediate products (chemical building blocks: BBI industries and 

chemical sector: polymer and renewable chemicals). 
d. Industrial end-users of the final products in the BBI and chemical sector (polymer and renewable 

chemicals) 
e. Innovation & Research Centres/Institutes 
f. Policy makers 

 

Specifications that need to be met for each of the identified Target Groups have been gathered, starting from 

the feedstock supply and conversion and ending to the CO2-based high added-value chemicals and 

intermediates for BBI sector. Although the integration of the technologies is well recognized as fundamental 

for the accomplishment of the project’s objectives, the understanding of the needs and expectations from 

main stakeholders (both internal & external) can offer a different and more reliable prospective on how to 

address and review goals and objectives. Data provided from the aimed stakeholders have been collected 

and analysed by means of customized surveys launched in two international webinars. The purpose of these 

webinars is to quickly present the project, its objectives, the expected benefits, and the results collected 

during the first webinar and through the online survey.  

The aim of this deliverable is to assess the potential of replicability, marketability and the effectiveness of 

the developed technologies as well as to align them with the stakeholders’ requirements and specifications 

in order to ensure a well-oriented project implementation. 
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1. Introduction  

1.1.  CO2SMOS concept 

CO2SMOS aims to develop breakthrough and cost-effective routes to produce high added-value bio-based 

chemicals from bio-based industrial CO2 emissions (especially focused on biogenic CO2) and renewable 

sources (green H2 and biomass), by means of a solution that combines innovative biotechnological and 

intensified chemical conversion processes, comprising: a) a multi-stage gas-liquid-fermentation cascade 

process, b) a co-electrocatalytic technology and a catalytic membrane reactor (CMR) system, and c) a biomass 

conversion process driven by organic/bio-catalysts. The project will tackle the development and optimisation 

of a CO2 conversion technological toolbox allowing for the production of seven added-value chemicals and 

polymers (polyhydroxyalkanoates (mcl-PHA and PHB), 2,3-butanediol (2,3-BDO), long chain dicarboxylic acids 

C16-C18 (LcDCAs), BTEX and para-xylene (PX), cyclic carbonates and hydroxycarboxylic acids (HCAs)) from 

the primary conversion of CO2 into two platform bulk chemicals (syngas and acetate). The proposed 

technologies will be tested and validated from lab (TRL 3-4) to pilot scale (TRL 5), and the obtained molecules 

will be validated into final applications for the formulation of high-performance biopolymers renewable 

chemicals. 

 

1.2.  Methodological framework and objectives of this report 

The first phase contains the stakeholders’ identification, aiming to define the CO2SMOS applicability space as 

a well-oriented community of Target Groups that dominate the whole concept from start to end. In this 

prospective, understanding the needs and expectations of CO2SMOS stakeholders is of utmost importance. 

This will be aimed to be performed via dedicated questionnaires that will investigate each Target Group 

needs and activities, connect them with the CO2SMOS concept and assess the framework under which the 

project will upgrade its maturity in a sustainable and beneficial for the involved factors way. 

The core of the project is clearly its consortium, but the elicitation of the stakeholders and the Target Groups 

definition should be widened. The consortium itself might be able to supervise all the involved technologies 

and establish a strong concept, but in no case could represent the whole targeted CO2SMOS impact.  

Therefore, the consortium members will be placed in the Target Group that they belong and will be called to 

answer the corresponding questionnaires, but the questionnaires will be shared also ‘externally’, in 

organizations out of the consortium whose activities affect or could potentially be affected by the CO2SMOS 

realization. The analysis that will be performed related to stakeholders’ requirements & market needs will 

be a questionnaires-oriented analysis. Literature data will support the analysis and of course will not be 

ignored, however main objective of this deliverable is the interaction with the industry and the market itself. 

Key facts for every identified Target Group will be extracted from the responses. 

Aim of these internal/external questionnaires sharing approach and of this deliverable in general, is the 

formation of a wide and solid data gathering able to express the stakeholders’ needs, provide strong 

directions towards the project, set implementation priorities, reorient the overall CO2SMOS objectives and 

align them with the biggest possible impact indications. These surveys area also intended to be alive in the 

website of the CO2SMOS to collect some other stakeholders’ feedback along the project. 



 
 
 

 

 D1.2 -STAKEHOLDERS REQUIREMENTS AND MARKET NEEDS 10 

 

1.2.1. Background: Market needs  

Overall CO2SMOS potential benefits for the stakeholders are related with new green economy business 

creation, that will enable the transition to a circular bio-economy, specifically 

- For biogenic CO2 emitters: 
o CO2 price evolution (Grant Agreement prospection was 2021 price = 45 €/t) but prices are 

expected to set a maximum by the end of the year (current price, at December 2021, is 84,90 
€/t CO2)1 

o Processes meeting the zero/negative emissions targets, so that, mitigating climate change.  
- For intermediate products applications and end-users: 

o Circular economy principles application. 
o Replacing fossil-based products and reducing the dependence on non-renewable resources. 
o A positive multiplier effect will occur when BBIs are in parallel CO2 emitters and bio-based 

products recipients (i.e., strengthening the circularity of the bio-based industries sector)  
- For technology providers: 

o Economic advantages due to new business models implementation 
o Developed technologies are exportable to other (non-biogenic) intensive emitting sectors 

(enormous market size)  

Considering this approach, both internal and external stakeholders’ interaction with the CO2SMOS Project is 

crucial to achieve the expected goals. 

  

                                                                 
1 https://ember-climate.org 
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2. Elicitation of Stakeholders & Market needs 

A methodology for identifying and selecting an appropriate stakeholders’ group and their related market 

necessities has been developed in order to gather the necessary information to develop this task. This 

methodology is based in the collection and analysis of technical, commercial and other relevant data for 

CO2SMOS project by means of two webinars and a questionnaire to be shared during these events.  

Webinars were conceived as a way of disseminating the project as well as establishing contact with 

relevant/interested parties in the CO2 active scene, not only at European but in a worldwide level.  

2.1.  Identification of target groups 

The identification process will take as a starting point what was already defined in the Grant Agreement 

Sectors that are defined  as key actors to the project are: bio-based industries emitting CO2, technology 

providers, public authorities, sectorial and professional associations, bio-based products developers, bio-

based products intermediate/end-users. Some of them could play a multiple role in the whole value chain of 

the biogenic CO2 transformation within the CO2SMOS platform. The main targeted groups identified in the 

CO2SMOS project scenario are: 

a. Technology providers 

b. Bio-feedstock suppliers (BBI industries, biomass producers, biogenic CO2 emitters) 

c. Industrial end-users of the Intermediate products (chemical building blocks: BBI industries and 

chemical sector (polymer and renewable chemicals). 

d. Industrial end-users of the final products in the BBI and chemical sector (polymer and renewable 

chemicals) 

e. Innovation & Research Centres/Institutes 

f. Policy makers 

 

Regarding the mains industrial sectors that may benefit from the CO2SMOS project technology and results, 

the following industries have identified: 

1) Oil and Gas and Refinery 

2) Chemical 

3) Waste incineration plant and fossil-based power plant 

4) Pharma 

5) Fertilizers 

6) Feed and food 
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2.2. Methodology developed for the analysis of stakeholders, their requirements 
and market needs 

In order to define the requirements and specifications of CO2SMOS stakeholders and user cases and to 

characterize the industrial vision relating to the circularity and regenerative capacity of biogenic CO2 

emissions in value-added chemicals, preliminary estimating the circularity and regenerative capacity of the 

industrial value chains developed in CO2SMOS, the methodology previously described in D1.1 was followed, 

consolidated and shared. 

The questionnaires, survey and polls developed are described in detail in the Sections below. These were 

shared internally and externally to the consortium, not only because the consortium members themselves 

are not enough to cover the whole stakeholder’s spectrum but also in order to achieve a wide data gathering 

and maximize the intended impact of this deliverable. The participants provided clear hints and guidelines 

towards the project piloting and realization and the responses have been aggregated and reported 

anonymously into the sections of Chapter 3. 

2.2.1. First CO2SMOS webinar (15th of September): real-time Polls 

The first webinar was organized by RINA supported by CARTIF, HERA and CO2VE on RINA’s GotoWebinar 

platform2. 

This was the first online event of CO2SMOS intended to publicly present the project, its objectives and the 

expected benefits of CO2SMOS CO2-to-Chemicals Platform concept to external stakeholders (technology 

providers, feedstock suppliers, refineries, fuel traders, final end-users, etc.).  

Final Agenda: 
 
9 – 9.05 | Introduction | Fabiola Roccatagliata, RINA Consulting S.p.A 
9.05 – 9.15 | Driver of the project: CO2 valorisation and EU policy framework and perspective | Anastasios 
Perimenis, CO2 Value Europe 
9.15 – 9.30 | Presentation of the project | Raúl Piñero, CARTIF Center of Technology 
9.30 – 9.40 | Presentation of one of our demo sites | Robert-Jan van Putten, Avantium Support BV 
9.40 – 9.50 | Presentation of stakeholders’ activities and survey | Miriam Lorenzo, HERA Holding / Fabiola 
Roccatagliata, RINA Consulting S.p.A 
9.50 – 10 | Final discussion and Q&A 
 
244 people registered for the webinar of which 149 attended the webinar. 

2.2.1.1. Poll purpose 

The event was an occasion to discuss with external stakeholders and gather insights / feedback from them 

to guide CO2SMOS research and development activities. For this reason, it was decided to launch real-time 

polls during this first CO2SMOSS webinar, through which it was possible to collect the first opinions and 

feedback. Three very simple and generic single-answer questions have been launched, which are reported in 

Session 2.2.1.2.  

The results of these real-time polls are presented in detail in Section 3.1. 

                                                                 
2 https://www.goto.com/it/webinar 

https://www.goto.com/it/webinar
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At the end of the first webinar, the participants were invited to join a more structured online survey, to gather 

more in detail their market needs (as reported in Session 2.2.2). 

2.2.1.2. Questions launched during the webinar 

Q1: Are you already participating in European and international initiatives (e.g., H2020 projects)? 

a. No (neither in the past nor now) 
b. I started participating in 2021 
c. I participated in the past, not anymore 
d. Yes (both in the past and now) 

Q2: Have you already carried out studies on the environmental and economic impacts of your processes? 

a. No studies available 
b. Studies showing criticality 
c. Studies that show good performance but can be improved 
d. Great ecological and economic performance 

Q3: Can CO2SMOS technologies focused on converting CO2 (+ green H2) into added-value chemicals be 

adapted to your sector/business? 

a. Yes 
b. No 

2.2.2.  CO2SMOS’s survey for external stakeholders 

2.2.2.1. Survey purpose 

At the end of the first CO2SMOS webinar, the survey it is possible to find in this chapter was launched. 

Through a QR code and through the link pasted in the chat of the webinar session, the participants were able 

to join the survey. The link to this online survey was also emailed to all Webinar attendees at the conclusion 

of this launch event. 
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Figure 1: QR code shown to webinar attendees to take the survey. 

The online survey was published on September 15, 2021 and closed on October 1, 2021 via the following link: 

https://forms.office.com/Pages/ResponsePage.aspx?id=_-

PjduD87EWpRrxE1pqbfjNfTEs7KQVHh5dSlXHiNjVUNDFHWDEzOURXS0lRNEJOWEIwMEVTQ1o2VS4u&wdLO

R=c8C5C4D3C-9FBF-4553-BE60-C773949E9105 

This survey aimed to support the analysis, within the CO2SMOS EU project, of the requirements of end users 

in order to identify the characteristics and characteristics of the CO2SMOS platform technologies and to 

understand their potential extrapolation to different industrial sectors and their emissions. of CO2. The aim 

was to collect specific information on the most interesting industries to identify a list of sectors, processes 

and stakeholders with potential interest in the valorisation of CO2 emissions, as well as a list of challenges, 

requirements and potential solutions that can solve these barriers. 

The results of this survey help to map the possible manufacturing sectors for the application of CO2SMOS in 

order to understand the possibilities of exploitation and replication. As already mentioned in D1.1, the 

requirements will be measurable and will be expressed as relevant KPIs in Task 1.4.  

The results of this survey are presented in detail in Section 3.2. 

2.2.2.2. Data Protection: Declaimer according to the GDPR Policy 

As reported in D1.1, the survey was developed with MICROSOFT FORM. The consortium has decided to use 

this platform as Microsoft Form processes Personal Data according to their privacy policy3. Microsoft Forms, 

part of the Office 365 suite, is GDPR compliant.  

                                                                 
3 https://docs.microsoft.com/it-it/legal/gdpr. 

https://forms.office.com/Pages/ResponsePage.aspx?id=_-PjduD87EWpRrxE1pqbfjNfTEs7KQVHh5dSlXHiNjVUNDFHWDEzOURXS0lRNEJOWEIwMEVTQ1o2VS4u&wdLOR=c8C5C4D3C-9FBF-4553-BE60-C773949E9105
https://forms.office.com/Pages/ResponsePage.aspx?id=_-PjduD87EWpRrxE1pqbfjNfTEs7KQVHh5dSlXHiNjVUNDFHWDEzOURXS0lRNEJOWEIwMEVTQ1o2VS4u&wdLOR=c8C5C4D3C-9FBF-4553-BE60-C773949E9105
https://forms.office.com/Pages/ResponsePage.aspx?id=_-PjduD87EWpRrxE1pqbfjNfTEs7KQVHh5dSlXHiNjVUNDFHWDEzOURXS0lRNEJOWEIwMEVTQ1o2VS4u&wdLOR=c8C5C4D3C-9FBF-4553-BE60-C773949E9105
https://docs.microsoft.com/it-it/legal/gdpr


 
 
 

 

 D1.2 -STAKEHOLDERS REQUIREMENTS AND MARKET NEEDS 15 

As stated in D1.1, a PRIVACY AND CONFIDENTIALITY POLICY was included in the survey, dedicated and 

customized for the CO2SMOS project in which it was explained how the CO2SMOS Consortium manages your 

personal data and how it uses the information collected through the questionnaire in its activities of the 

project. 

2.2.2.3. Questions 

The questions in the questionnaire were mainly divided into three main sections: 

• GENERAL INFORMATION: to understand from which technical profile the point of view expressed in the 
survey was received. 

• INFORMATION LINKED TO THE CO2SMOS PROJECT: it represents the central part of the survey through 
which information relating to the deliverable was collected. The technical questions were single or 
multiple choice. An open final question was also included where the participant was given the 
opportunity to share any additional opinions. 

• PRIVACY AND CONFIDENTIALITY POLICY: where the disclaimer reported in the Section 2.2.2.2 has been 
included and that the respondents had to agree in order to send their answers to the survey. 

Except for Q19, all other questions were mandatory. 

Section 1: GENERAL INFORMATION  

Q1: Name of your Organisation – open answer 

Q2: Which type of organization do you belong to? – single choice answer 

 
Manufacturing sector/energy intensive industry 

 
Energy service provider or energy related company 

 
Technology provider 

 
Standardization and certification body 

 
Chemical and bio-chemical 

 
Polymers and bio-polymers 

 
Refinery and bio-refinery 

 
Academia/R&D sector 

 
Public authority 

 
Bio-based industry: potential biogenic CO2 emitter 

 
Bio-based industry: forestry pulp and paper 

 
Bio-based industry: food and beverages 

 
Bio-based industry: agriculture and agrifood 

 
Waste management & valorization 

 
Biomass provider and/or primary conversion industry (biofuel/bioenergy) 

 
Other - Please specify if “Other” 
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Q3: What is the size of your organization? – single choice answer 

 
Small/Medium Enterprise 

 
Large Company 

 
RTOs 

 
Academia 

 
NGOs 

 
Public bodies 

 

Q4: In which country is your organization located? – open answer 

 

Q5: Name and Surname – open answer 

 

Q6: Email Contact – open answer 

 

Q7: What is your role in your organization? – single choice answer 

 
Technical department staff 

 
Top management 

 
Manufacturing Production Manager 

 
Energy Manager 

 
Finance Manager 

 
Sales Manager 

 
Researcher 

 
Data analyst 

 
Other - Please specify if “Other” 

Section 2: INFORMATION LINKED TO THE CO2SMOS PROJECT 

Q8: In which sense CO2 emissions affects your production/process/industry? – single choice answer 

 
Mainly from an environmental/image point of view 

 
Mainly from an economic point of view (carbon tax)  

 
Both from an environmental/image and economic point of view (Carbon tax) 

 
Other - Please specify if “Other” 

 

Q9: In your opinion, what are the barriers and constraints preventing your organisation to implement and 

deploy carbon capture and utilisation (CCU) solutions – multiple choice answer  

 
Lack of knowledge on the technology 
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Technical difficulties to integrate CCU process in the overall industrial process 

 
Economic reasons (high CAPEX to implement CCU systems) 

 
Economic reasons (high OPEX in running CCU systems, e.g., cost of renewable energy and material)  

 
No local value chain for exploitation of the produced CO2 based products 

 
No local availability of renewable energy 

 
CO2 concentration of flue gas is too low 

 
Other - Please specify if “Other”  

 

Q10: Do you have any on-going/planned investment on CCU? – single choice answer 

 
Yes – Q11: Please describe if YES 

 
No 

 

Q12: Do you have any on-going/planned investment on the production of bio-based products? – single 

choice answer 

 
Yes – Q13: Please describe if YES 

 
No 

 

Q14: CO2SMOS will develop a set a of high added-value chemicals with direct use as intermediates for bio-

based products. The result is a toolbox combining intensified chemical conversions (electrocatalytic and 

membrane reactors) and innovative biotechnological solutions based on gas/liquid combined 

fermentation processes and organic/green-catalysts reaction processes, which allow versatile production, 

depending on the available resources and the targeted value chains, of seven different bio-based 

chemicals.  How much are you aware/confident about… 

(rate each choice from 1, not aware/confident at all, to 5, very much aware/confident) 

 
…possibility to use bio-technological solutions in your process for CO2 valorisation? 

 
…possibility to use catalytic solutions in your process for CO2 valorisation? 

 
…possibility to use electro-catalytic solutions in your process for CO2 valorisation?  

 
…possibility to use membrane-based solutions in your process for CO2 capture and then valorisation?  

 

Q15: What would you expect from a CCU process for your industrial process? To provide a relevant solution 

to… 

(please, put in order of priority, from 1, low-priority, to 5, high-priority) 

 
…reduce carbon emissions (and then taxes) for my processes 

 
…improve the self-sustainability of the process valorising CO2 for new products that could become 
raw material for my processes  

 
… improve the competitiveness of the process valorising CO2 for new products to be sold 

 
…improve the social reputation of the manufacturing company and/or its products 
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…improve the company competitiveness 

 
Other – Q16: Please specify if “Other”  

 

Q17:  Which could be the barriers for the CO2SMOS CCU installation? – multiple choice answer 

 
Carbon tax does not yet represent a big share of the manufacturing costs 

 
CAPEX/OPEX of such implementation and use 

 
Our products are not carbon intensive 

 
Lack of environmental sensibility of the company 

 
Health and Safety aspects that can prevent to install electro-chemical/chemical/bio-technological 
processes in the industrial area 

 
Interoperability with the existing process 

 
Staff not sufficiently trained to manage a new solution 

 
Commercial CCU technologies do not meet the parameters of efficiency, scalability and/or economic 
feasibility required to tackle a possible investment at large scale 

 
Other - Please specify if “Other” 

 

Q18: Who are, in your opinion, the most relevant industrial sectors/processes to be targeted by CO2SMOS 

Solutions? – multiple choice answer 

 
Oil and Gas and Refinery 

 
Chemical 

 
Waste incineration plant and fossil-based power plant 

 
Pharma 

 
Fertilizers 

 
Feed and food 

 
Other - Please specify if “Other” 

 

Q19: If you wish, please provide any other further detail that you think can help us to improve our analysis. 

– open answer not mandatory. 

 

2.2.3. CO2SMOS’s questionnaire inside the Consortium 

2.2.3.1. Questionnaires purpose 

In order to have a clear idea of the opinions of all the experts in the sector, a questionnaire with internal user 

cases was organized. The questionnaire was circulated by email to the user cases who signed a response 

consistent with the info they had available. 
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Therefore, the following questionnaire is the techno-economic template that was used to collect the 

information from user cases in the CO2SMOS project for the analysis of the current plant and future potential 

business cases related to local CO2 production. 

According to the D1.1, Avantium Support BV (AVNT), Novamont S.p.A: (NVMT) and Nadir S.r.l. (NARID) were 

involved. 

The results of these questionnaires are presented in detail in Section 3.3. As you can see in Section 3.3.3, the 

questionnaire for NADIR has been adapted and shortened to best suit their needs and characteristics. 

2.2.3.2. Description of the plant 

In the first section of the questionnaire, RINA and CARTIF kindly asked to the user cases to present their plant, 
providing also pictures and/or diagrams. 

Please describe shortly your plant – please emphasize what are the CO2 emission points (combustion 
exhaust composition, CO2 produced by biomethane upgrade, CO2 produced by chemical processes etc.) 
and what is their source. 

 

Please describe how you’re targeting circularity and sustainability in your industry 

 

Please describe which type of biogenic wastes (and a rough estimation) you’re producing and how 
you’re handling such wastes, maybe promoting strategies for valorisation of biogenic residues etc.  

 

Please describe past actions you performed towards a reduction of CO2 emission of your plant. 

 

Please include here a rough estimation of yearly CO2 produced by your plant. 

 

Please include here a rough estimation of CO2 composition produced by your plant. 

 

Does your plant already treat and/or capture CO2? How? Please describe. 
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Which type of chemicals and fuels are you using in your industrial process? Can you provide a rough 
estimation per year? 

 

2.2.3.3. End users experiences useful for CO2SMOS scope 

According to the user cases experience, in this section we kindly asked to present why they looked/are 

looking at CCU solutions. 

Please describe here where/how you think you could valorise the bio-based products produced by the 

CO2SMOS project? (……etc.) 

 

Please describe if and where you have enough and adequate space to install an eventual upscaled 

CO2SMOS prototype as well as potential regulatory constraints you have to face there 

 

Describe the potential that your plant would have by enhancing the CO2 emitted and by deploying CCU 

solutions. 

 

Please describe the replication potential of the CO2SMOS system in your company (in other sites etc.) 

and potentially for the industrial sector of your industrial process 

 

Please describe if in your country/region there are any incentives to use CCU solutions or to biogenic 

waste valorisation 

 

 

2.2.4. Second CO2SMOS webinar (21st of September): real-time Polls  

The second webinar was organized by CO2VE supported by CARTIF, HERA and RINA on RINA’s Zoom platform.  

The purpose of this webinar was to quickly present the project, its objectives, the expected benefits, and the 

results collected during the first webinar and through the online survey. The data collected offered an 
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interesting view on the vision that stakeholders have on CO2 valorisation, helping to guide the activities of 

CO2SMOS research and development.  

Final Agenda: 
 
10 – 10.05 | Welcome & Introduction | Fabiola Roccatagliata, RINA Consulting S.p.A 
10.05 – 10.10 | CO2 valorisation, EU policy framework & perspective | Anastasios Perimenis, CO2 Value 
Europe 
10.10 – 10.15 | CO2SMOS project: aims & scope | Raúl Piñero, CARTIF Center of Technology 
10.15 – 10.25 | Novamont development model and getting involved in the H2020 CO2SMOS project | Patrizio 
Salice, Novamont S.p.A  
10.25 – 10.45 | Presentation & discussion on stakeholders’ survey results | Fabiola Roccatagliata, RINA 
Consulting S.p.A 
10.45 – 11.00 | Open discussion and Q&A 
 
147 people registered for the webinar, of which 77 attended the webinar. 

2.2.4.1. Poll purpose 

The event was an opportunity to discuss and validate the results collected up to that moment (mainly the 

information collected thanks to the online survey) and to also get to know the personal vision of the new 

participants, a real-time survey was developed which the online survey questions are simplified. 

Participants were given the opportunity to respond with single or multiple answers depending on the 

question and to provide more details or comments through the Zoom chat dedicated to questions. 

The results of these polls are presented in detail in Section 3.4. 

2.2.4.2. Questions 

Q1: Which sector does your organization belongs to? – open answer 

Q2: In which sense CO2 emissions affects your production/process/industry? 

1. Both from an environmental/image and economic point of view (Carbon tax) 

2. Mainly from an economic point of view (carbon tax) 

3. Mainly from an environmental/image point of view 

4. Other (tell us in the chat) 

Q3: What are the barriers preventing your organisation to implement and deploy CCU solutions? (multiple 

choice) 

1. Lack of knowledge on the technology 

2. Technical difficulties to integrate CCU process in the overall industrial process 

3. Economic reasons (high CAPEX to implement CCU systems) 

4. Economic reasons (high OPEX in running CCU systems, e.g. cost of renewable energy and material) 

5. No local value chain for exploitation of the produced CO2 based products 

6. No local availability of renewable energy 

7. CO2 concentration of flue gas is too low 
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5. Other (tell us in the chat) 

Q4a: Do you have any on-going/planned investment on CCU? 

• Yes 

• No 

Q4b: Do you have any on-going/planned investment on the production of bio-based products? 

• Yes 

• No 

Q5: CO2SMOS will develop a set a of high added-value chemicals with direct use as intermediates for bio-

based products. Choose the option(s) you are the most aware/confident about. 

1. Possibility to use bio-technological solutions in your CO2 valorisation process 

2. Possibility to use catalytic solutions in your CO2 valorisation process 

3. Possibility to use electro-catalytic solutions in your CO2 valorisation process 

4. Possibility to use membrane-based solutions in your CO2 capture and valorisation process 

Q6: What would you expect from a CCU process for your industry? Chose the most relevant solution(s).  

1. Reduce carbon emissions (and then taxes) from the industrial process 

2. Improve the self-sustainability by transforming CO2 into new products that could renter the industrial 

process as raw material 

3. Improve the competitiveness of the industrial process by transforming CO2 into new products to be 

sold 

4. Improve the social reputation of the manufacturing company and/or its products 

5. Other (tell us in the chat) 

Q7: Which could be the barriers for the CO2SMOS CCU installation? (multiple-choice) 

1. CAPEX/OPEX of such implementation and use 

2. Commercial CCU technologies do not meet the parameters of efficiency, scalability and/or economic 

feasibility required to tackle a possible investment at large scale 

3. Carbon tax does not yet represent a big share of the manufacturing costs 

4. Our products are not carbon intensive 

5. Health and Safety aspects that can prevent to install electro-chemical/chemical/bio-technological 

processes in the industrial area 

6. Interoperability with the existing process 

7. Staff not sufficiently trained to manage a new solution 

8. Lack of environmental sensibility of the company 

9. Other (tell us in the chat) 

Q8: Who are, in your opinion, the most relevant industrial sectors/processes to be targeted by CO2SMOS 

Solutions? (multiple-choice) 

1. Oil and Gas and Refinery 
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2. Chemical 

3. Waste incineration plant and fossil-based power plant 

4. Pharma 

5. Fertilizers 

6. Feed and food 

7. Other (tell us in the chat)  
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3. Data collected and analysis of the results 

In this Chapter, all the results obtained through the previously described methodology have been 

summarized. 

It is confirmed that all results have been reported anonymously and do not contain sensitive data of external 

stakeholders. 

3.1. Results from First CO2SMOS webinar real-time Polls 

As already mentioned, 244 people signed up for the webinar, of which 149 attended the webinar. 

Not all attendees were able to give their answers to the real-time polls questions (e.g., webinar organizers & 

panelists). Notably, only 63 people answered Q1 " Are you already participating in European and international 

initiatives (e.g., H2020 projects)?". As can be seen in the Figure 2, more than half of the respondents (56%) 

have already participated in European and international initiatives and are currently continuing to work on 

them. On the other hand, 27% have never participated in these initiatives and do not currently have any 

European / international initiatives on which they are working. It is also interesting to see how a minority of 

9% started working on these topologies of initiatives in 2021 and how a minority of 8% have participated in 

the past and no longer intend to participate. 

 

Figure 2: Real-time Poll Q1 - Are you already participating in European and international initiatives (e.g., 
H2020 projects)? 

49 people of the audience answered to Q2 “Have you already carried out studies on the environmental and 

economic impacts of your processes?”. As can be seen from the Figure 3, 41% already have studies that 

demonstrate good performance in their plants, but which can still be improved, while 39% have never 

performed studies on the environmental and economic impacts of your processes. 8% of the respondents 

confirmed that they had carried out studies that allowed them to confirm good ecological and economic 
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performance that does not currently need improvement. Instead, 12% of the respondents indicated that they 

have studies that reported some critical issues. 

These data are very interesting because they show how the topic of the CO2SMOS project, and more generally 

the topic on which the BBI’s are focused, could currently be interesting for about 92% of the respondents. 

Potentially, even the remaining 8% could be interested in the topic but, as already mentioned, they currently 

find already an excellent ecological and economic performance in their processes. 

 

Figure 3: Real-time Poll Q2 - Have you already carried out studies on the environmental and economic 
impacts of your processes? 

In conclusion, as can be seen from the Figure 4, 94% of the 49-active people in the poll who responded to Q3 

" Can CO2SMOS technologies focused on converting CO2 (+ green H2) into added-value chemicals be adapted 

to your sector/business?", stated that they could implement or adapt CO2SMOS technologies in their 

processes, so that, they could be potentially interested Only 6% do not have this possibility. 

The Figure 4 fails to compare Q3 results with Q2 results. By keeping the results anonymously, it can however 

be confirmed that even attendees who have found good ecological and economic performance in their plant 

and who currently do not need to implement new technologies would have the possibility to adapt CO2SMOS 

technologies to their process. 
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Figure 4: Real-time Poll Q3 - Can CO2SMOS technologies focused on converting CO2 (+ green H2) into 
added-value chemicals be adapted to your sector/business? 

3.2.  Results from CO2SMOS’s survey for external stakeholders 

As already described in the Methodology chapter (Section 2.2.2) of this report, the purpose of the survey was 

the analysis, within the CO2SMOS EU project, of the end users’ requirements in order to understand the 

potential extrapolation of the features and characteristics of CO2SMOS platform technologies to different 

industrial sectors (and their CO2 emissions). 

The survey was shared by RINA to all users registered for the first webinar (to those who managed to join the 

webinar but also to those who did not have the opportunity to attend the event but who had the opportunity 

to see the recorded webinar). Furthermore, CARITF forwarded the survey to all consortium members. CO2VE 

and other partners such as HERA, RINA and CARITF shared the survey through personal and corporate social 

channels. 

The results of the survey are reported anonymously and in compliance with the confidentiality policy, the 

names of the companies that responded to the survey are not shown (therefore the results of Q1 of the 

survey are not shown). 

23 companies responded to the survey.  

 

Section 1: GENERAL INFORMATION  

30% of the respondents came from outside EU, in particular from the United States of America (4%), Thailand 

(4%), United Kingdom (4%), Malaysia (4%), Russia (4%), Australia (5%), and Brazil (5%). 26% came from Spain, 

13% came from Italy and 18% came from France. The survey also collected responses from Germany (5%) 

and from Greece and Portugal (4% from each country). One company did not accept the GDPR survey policy 

and therefore was unable to respond to the survey. 
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Figure 5: Survey Q4 - In which country is your organization located? 

As shown in Figure 6, the respondents came from different sectors and profiles. About 31% were from 

Academia/R&D sector, 22% came from Polymers and bio-polymers organisations, and 13% came from Waste 

management & valorisation sector. The survey also collected responses from Bio-based industry: forestry 

pulp and paper and event organiser (9% respectively), as well as from Refinery and bio-refinery sector, 

Manufacturing sector/ Energy intensive industry and Consulting (4% respectively). There were no 

participants from the other categories listed by the question. 

 

Figure 6: Survey Q2 - Which type of organization do you belong to? 

As shown in Figure 7, the respondents came from organisations from different size. 9 organisations were 

SMEs, and 8 organisations were large enterprises. Only one RTO and one public bodies. 4 answers came from 

Academia. 
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Figure 7: Survey Q3 - What is the size of your organization? 

As shown in Figure 8, the respondents have different roles in their company. About 39% are Researchers and 

26% are in the Top management positions of their company. About 22% belong to the technical department 

staff. The survey also collected responses from Engineers (5%) and from Managing Partner and Technology 

Expert (4% respectively). There were no participants from the other roles listed by the question. 

 

 

Figure 8: Survey Q7 - What is your role in your organization? 

Section 2: INFORMATION LINKED TO THE CO2SMOS PROJECT 

In this Section 2 of the survey, respondents were asked to share feedback according to their experience. 

In the first question, respondents were asked to share in which sense CO2 emissions affects their 

production/process/industry. Single choice was allowed.  

As shown in Figure 9, the survey highlighted that 35% of the respondents claimed that CO2 emissions affects 

their production/process/industry mainly from an “environmental/image point of view”, 31% answered that 



 
 
 

 

 D1.2 -STAKEHOLDERS REQUIREMENTS AND MARKET NEEDS 29 

“both from an environmental/image and economic point of view (Carbon tax)”, and only 4% claimed “mainly 

from an economic point of view (carbon tax)” option. It is also interesting to see how 30% of respondents 

chose the "Other" option.  

Additionally, two of the most interesting answers/feedback that the participants shared where the following: 

• “CO2 emissions affect our Customers in O&G, Fertilizers, Petrochemicals, LNG, Power Business 
Areas”.  

• “CO2 is a feedstock for our process, which is based on gas fermentation of carbon-rich gas 
streams like steel making process industrial emissions, or syngas from the gasification of solid 
waste, like municipal solid waste(MSW)” 

 

 

Figure 9: Survey Q8 - In which sense CO2 emissions affects your production/process/industry? 

Subsequently, through a multiple-choice answer, the responded explained what the barriers and constraints 

are preventing their organisation to implement and deploy carbon capture and utilisation (CCU) solutions. 

As shown in Figure 10, the biggest barrier is related to Economic Reasons, mainly considering high CAPEX to 

implement CCU systems (option chosen 11 times) but also considering high OPEX in running CCU systems, 

e.g., cost of renewable energy and material (option chosen 8 times). "Lack of knowledge on the technology" 

(option chosen 7 times) and "Technical difficulties to integrate CCU process in the overall industrial process" 

(option chosen 6 times) are also considered important barriers. 
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Figure 10: Survey Q9 - In your opinion, what are the barriers and constraints preventing your 
organisation to implement and deploy carbon capture and utilisation (CCU) solutions? (multiple choice) 

Then, it is interesting to see in Figure 11 how 14 out of 23 survey respondents have on-going/planned 

investment on CCU and also in Figure 12 a new combination of 14 of the 23 total respondents have on-

going/planned investment on the production of bio-based products. 

Q10: DO YOU HAVE ANY ON-GOING/PLANNED 
INVESTMENT ON CCU? 

Q12: DO YOU HAVE ANY ON-GOING/PLANNED 
INVESTMENT ON THE PRODUCTION OF BIO-

BASED PRODUCTS? 

 
Figure 11: Survey Q10 - Do you have any on-

going/planned investment on CCU? 

 
Figure 12: Survey Q12 - Do you have any on-

going/planned investment on the production of 
bio-based products? 

 

To the answers "yes", the respondents were asked to provide more details. The most relevant answers 

reported by the potential stakeholders have been summarized in Table 1 and Table 2 below, which provide 

a very interesting feedback that summarize the current situation and exploitation activities as well as some 

potential opportunities of CO2SMOS project for industrial applications in the future. For privacy reasons, 

some company names and plants locations have been deleted. 
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Table 1: Survey Q11 - If Yes, please describe 

ON-GOING/PLANNED INVESTMENT ON CCU 

We are now exploring CCUs technology for integrated pulp and paper mills 

LanzaTech are building plants with partners globally. Our technology is already commercial in China since 
2018, where we now have 2 plants running, and the 1st European plant at Arcelor Mittal in Gent Belgium 
will be operational in 2022 

Direct electrocatalytic conversion of CO2 into chemical energy carriers in a co-ionic membrane reactor  

Exploring at 'early stage' CCUS opportunity at large for potential future VC/PE investment interest 

Development & Scale-up activities/projects of Carbon Capture Technology (Enzyme-based). 

Investor in projects listed on Carbon Future  

Tomakomai and Osaki CCUS Projects in Japan 

CCS underground 

 

Table 2: Survey Q13 - If Yes, please describe 

ON-GOING/PLANNED INVESTMENT ON THE PRODUCTION OF BIO-BASED PRODUCTS 

Biomass for fuel, other cellulosed based materials 

Plants that license LanzaTech's gas fermentation technology produce ethanol using carbon emitted in 
industrial emissions. LanzaTech has worked with multiple partners downstream to convert this 
'CarbonSmart' ethanol to a broad range of applications from surfactants for detergents (OMO, Unilever) 
to polyetheylene for shampoo bottles (L'Oreal) and even polyester fabric (Lululemon). Our CarbonSmart 
Ethanol is also used, as it is, to replace bio-ethanol in fine fragrances for the Coty perfume brands, as well 
as in household cleaning products for Migros' Mibelle own-brand cleaners and detergents. 

We already produce several biobased products, and more are expected 

Bio-Methane production 

Saipem is active in Bio-based Polyesters Business. 

We are producing some products using bio-based polymers like poly lactic acid 

Biochar, Bio-oil 

We are planning to introduce new bio-based polymer compounds in our production pipeline 

Ethanol, lactic acid 

 

In Q14, respondents were asked to tell on a scale of 1 to 5 how aware/confident they were with the questions 

reported. They rated rate each choice considering 1 as "not aware/confident at all", and 5 as "very much 

aware/confident". 

As shown in Figure 13, it is possible to note that the solutions that respondents see less applicable to their 

process for valorising CO2 are the electro-catalytic solutions, while the most applicable ones are the bio-

technological solutions. Nevertheless, these results must be considered from the point of view of the 

industrial profile and sector that the respondent belong to.  
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Figure 13: Survey Q14 - CO2SMOS will develop a set a of high added-value chemicals with direct use as 
intermediates for bio-based products. How much are you aware/confident about… 

In Q15, respondents were asked to prioritize, from 1, low priority, to 5, high priority, what they would expect 

from a CCU process for their industrial process. 

As shown in Figure 14, for 11 people the most relevant solution allows the reduction of carbon emissions 

(and therefore taxes) of the processes. For 8 of the interviewees, also a solution that provides for the 

improvement of the self-sustainability of the process by enhancing CO2 for new products that could become 

raw materials for the processes and also a solution that provides for the improvement of company 

competitiveness are relevant solutions. 

In general, the list of proposed solutions appears to be consistent with what respondents expect. 

It is interesting to see how the "Other" option has been categorized 14 times with priority 1 "Low"; this means 

that there are other solutions that companies are considering but they are less relevant solutions than those 

listed in this question. 

 

Figure 14: Survey Q15 - What would you expect from a CCU process for your industrial process? To 
provide a relevant solution to… 
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The most relevant comments included in the "Other" option have been reported in the Table 3. 

Table 3: Survey Q16 - If you selected "Other", please specify 

WHAT WOULD YOU EXPECT FROM A CCU PROCESS FOR YOUR INDUSTRIAL PROCESS? TO PROVIDE A 
RELEVANT SOLUTION TO… 

New products compared to those already known. 

Decarbonization of O&G sector 

Integrating both Fossil-based Polymers replacement with Bioplastics and Plastics Recycling with CO2 Re-
use into Polymers. 

Taking in account our process doesn't produce directly CO2, we are thinking to take advantage of the use 
of the bio-based material produced by other players 

Creating new products 

 

With Q17, the consortium wanted to ask respondents what, according to their technical experience, are the 

potential barriers they would have to face in order to install CO2SMOS CCU solutions in their processes / 

plants. 

Multiple answers were allowed for this question.  

According to the results shown in the Figure 15, the most considered barriers (28% respectively) are: 

• CAPEX / OPEX of such implementation and use 

• Commercial CCU technologies do not meet the parameters of efficiency, scalability and / or economic 
feasibility required to tackle a possible investment at large scale 

The barrier "Carbon tax does not yet represent a big share of the manufacturing costs" is the third most 

voted, with 7 responses and therefore 14% of the total. 

 

Figure 15: Survey Q17 - Which could be the barriers for the CO2SMOS CCU installation? (multiple choices) 
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The last multiple selection question was Q18 in which respondents were asked which, in their opinion, are 

the most relevant industrial sectors / processes to be targeted by CO2SMOS Solutions. Multiple answers were 

allowed for this question. 

The " Waste incineration plant and fossil-based power plant " option was indicated 10 times and the " 

Chemical" option 8 times, as shown in the Figure 16. 

 

Figure 16: Survey Q18 - Who are, in your opinion, the most relevant industrial sectors/processes to be 
targeted by CO2SMOS Solutions? (multiple choice) 

To conclude the survey, an open question was left where respondents were able to provide new insights or 

comments. The most relevant responses were shown in the Table 4. 

Table 4: Survey Q19 - If you wish, please provide any other further detail that you think can help us to 
improve our analysis. 

If you wish, please provide any other further detail that you think can help us to improve our analysis. 

“America industry/market is not included in CO2SMOS project, but the purpose of this project is very 
inserting all over the world, because they address the CO2 value chain introducing the circularity at low 
carbon and negative emission, in my point of view, scaling-up factors and market assessment is crucial to 
best understand the technology roadmap/options and economics of bio-based products. Another big 
issue is related to regulation and pressure for drop-in bio-based material on circular economy, reverse 
economy” 

“I would like collaboration for CO2 methanation catalyst if have any opportunity” 

“It is important to get a sense 'macro' at scale of the opportunity for a given geographical scope (e.g. 
Europe, EU, or selection of countries): 
a) range of CO2 captured by 2025, 2030 and 2050 [at different scenarios: driven by mix of industry 
participation] 
b) range of the resulting cost per tCO2 curves over time 
c) range of investment requirements (following a) [at different scenarios: ditto] 
 
It is understandable these will necessarily be, at this point, very high level, and should be refined with a 
periodicity as more relevant information comes up. 
I do not think it would be recommendable to leave all the above to the last Phase of your project. 
 
Also, it is recommendable to orient the project from the start, even if the first funding comes from the 
EU, with an eye on VC or CVC private investment (so to anticipate requirements and feed them into the 
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'learning curve'). 
 
Finally, congratulations on your initiative, we need tons of these across all the Climate Change spectrum“ 

“To condense CO2 is the best way to improve efficiency.  A combination of on-site-fired plants is 
necessary to consider”. 

3.3.  Results from CO2SMOS’s questionnaire inside the Consortium 

As mentioned in Section 2.2.3, a questionnaire was organized with the user cases of CO2SMOS, Novamont, 

Avantium and Nadir to have a more concrete idea of the opinions of all the potential case end-users experts 

in the sector. 

3.3.1. NOVAMONT user case 

NOVAMONT is an Italian industrial company devoted to integrate chemistry, agriculture and the 

environment. Founded in 1989, it is now worldwide leader in the sector of bioplastics and involved in the 

development of bioproducts such as biolubricants, biochemicals and cosmetic ingredients from renewable 

sources. NOVAMONT’s mission is to develop materials and biochemicals through the integration of chemistry 

and agriculture, by starting up biorefineries in the local areas and providing application solutions that ensure 

efficient use of resources throughout their entire life cycle, with advantages for the social, economic and 

environmental system. Its model of development aims at building bridges between different sectors and 

creating new value by collaborating with all the stakeholders in the value chain: from agriculture to research, 

from industry to waste management, from local institutions to civil society.  

Besides being an industrial company, NOVAMONT is also a research centre which covers a wide range of 

expertise and specialisations, with equipment and facilities ranging from laboratory scale activities to 

innovative pilot plants. Over the years it has developed four proprietary and integrated technologies for the 

production of bioplastics and bioproducts, creating synergies between the different areas of study 

(Bioplastics, Biotechnology, Agronomics and Organic Chemistry). 

3.3.1.1. Description of the plant 

In the first section of the questionnaire, NVMT presented their plant, providing also pictures and/or diagrams. 

Please describe shortly your plant – please emphasize what are the CO2 emission points (combustion 
exhaust composition, CO2 produced by biomethane upgrade, CO2 produced by chemical processes etc.) 
and what is their source. 

The industrial plant by MATER-BIOTECH (part of Novamont’s group) represents the world’s first industrial 
plant that can produce biobutanediol (1,4 bio--BDO) directly from sugars, through fermentation process. 
Started-up in 2016, the plant has a production capacity of 30,000 tons per year and has been conceived to 
reuse by-products for its own energy purposes thus optimizing the life cycle of the entire process. 

The streams of biogenic CO2 that could be valorised by CCU technologies include: 

(a) CO2 stream from direct fermentation of sugars into 1,4-BDO 

(b) CO2 from anaerobic digestion of waste cellular sludge 

Please describe how you’re targeting circularity and sustainability in your industry 
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Novamont is the international leader in the bioplastics sector and in the development of biochemicals and 
bioproducts obtained from the integration of chemistry, agriculture and the environment. Novamont’s 
products and value chains are conceived and designed to provide unique and sustainable solutions for 
specific environmental and social problems closely related to water and soil quality 

Moreover, Novamont is a certified B Corporation (https://bcorporation.eu/about-b-lab/), it operates 
responsibly, sustainably and transparently towards people, communities, territories, the environment, 
cultural and social goods and activities, entities and associations and other stakeholders. 

Moreover, within the B corps, Novamont has been awarded with the best for the environment 2021 Prize 
having recognized its role in leading the way towards a more sustainable and regenerative planet by 
putting their impact on the air, climate, water, land, and biodiversity first in their business practices. 
Indeed, Novamont is amongst those selected companies that excel in environmental performance by 
offering products designed to solve an environmental issue also through their facilities, materials, 
emissions, and resource and energy use, as well as transportation/distribution channels and the 
environmental impact of their supply chain. 

To achieve this, Novamont has adopted a Sustainability Policy aimed to: 

- Ensuring that processes, products and workplaces do not entail risks to the health and safety of 
employees or of the community, and reducing every form of pollution as much as possible; 

- Adopting a management approach that is based on the principle of Life Cycle Thinking (LCT). 
Pursuing actions to mitigate and improve the environmental and social profile of its activities and 
of its products, by: (i) choosing or developing processes and systems that allow reducing energy 
and material consumptions, (ii) using renewable energy sources, (iii) carefully designing products 
from an eco-design perspective throughout their life cycles, and (iv) purchasing products and raw 
materials that most respect the environment (green purchasing); 

- Reducing to a minimum greenhouse gas emission, the use of water resources and their quality 
deterioration along the whole value chain; 

- Contributing to mitigating the contamination of the soil and of the oceans; 

- Contributing to maximizing efficiency in the management of organic waste in urban and 
metropolitan areas, by encouraging biological recycling; 

- Guaranteeing respect for human rights along the whole value chain, including the supply chain 

Novamont promotes a circular bioeconomy model in which all activities, starting from extraction and 
production, are organized in such a way as to use renewable resources or recycled materials, creating a 
system in which the products maintain their function for as long as possible, while keeping waste to a 
minimum. 

Moreover, the biomaterials produced by Novamont from renewable resources are at the basis of 
biodegradable final products (e.g., compostable packaging, biodegradable in soil mulch films) that at the 
end of their life could be converted into compost as nutrient for the farmland or biodegraded in soil closing 
a virtuous carbon cycle and improving the quality of soil and water. 

Please describe which type of biogenic wastes (and a rough estimation) you’re producing and how 
you’re handling such wastes, maybe promoting strategies for valorisation of biogenic residues etc.  

The waste sludge from the fermentation process consists of spent cells, medium, nutrients, water. This 
biogenic waste goes through an anaerobic digestion process for the production of biogas which is further 

https://bcorporation.eu/about-b-lab/
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upgraded into biomethane. Opportunities for the valorisation of the biogenic wastes are being considered 
at the moment. 

Please describe past actions you performed towards a reduction of CO2 emission of your plant. 

Novamont has dedicated and is dedicating continuous effort towards recovery of carbon potentially 
susceptible to be converted as CO2 emissions from its plants. Specific interventions in this field include: 

• Valorisation of by-products/side stream from biorefineries including production of biogas and 
biomethane through anaerobic digestion of biogenic waste and recovery of carbon-containing 
high-value biochemicals from the waste stream generated during biopolyesters production 

• Engineering optimization towards more efficient processes and energy efficiency measures 
including the use of biogas and biomethane obtained from waste as energy resource 

• Optimization of plants configuration and logistic routes to reduce the transportation of goods by 
trucks and related CO2 emissions 

• Recovery of carbon through storage of soil organic matter in soil to for the valorisation of low 
impact crops in marginal lands area 

• Substitution of fossil-based building blocks with innovative biobased building blocks from 
Novamont value chain resulting in consistent GHG savings 

Please include here a rough estimation of yearly CO2 produced by your plant. 

Novamont has demonstrated at industrial level a fermentation process to directly convert sugars from low 
impact biomass into 1,4 bio-BDO (production size: 30,000 t/y). After fermentation, cells are valorised in 
anaerobic digestion to produce biogas to energetically sustain the biorefinery processes. More recently, a 
biogas upgrading unit has been installed to separate biomethane from biogenic CO2. Thus, two streams of 
biogenic CO2 are available from NVMT biorefinery having different composition:  

Biogenic CO2 from fermentation: about 3000 Nm3/h 

Biogenic CO2 from anaerobic digestion of biogenic waste: about 300 Nm3/h 

Please include here a rough estimation of biogenic flue-gas composition produced by your plant. 

 Flue-gas composition %vol 

Biogenic CO2 source 
Fermentation off 

gas 
Anaerobic digestion of biogenic 

wastes 

CO2 15-20% >95% 

O2 10-15% <0.5% 

N2 67.5-72.5% <1.5% 

Other gases < 1% < 1% 
 

Does your plant already treat and/or capture CO2? How? Please describe. 

Novamont’s industrial processes are continuously improved to achieve a zero-waste integrated biorefinery 
target.  

In this view, one specific example is the recovery of the carbon from the fermentation of biowaste into 
biogas (including biomethane) as energy resource trough anaerobic digestion. Also, the residual digestate 
is converted to be suitable for agricultural applications resulting in recovery of carbon in soil. 
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Which type of chemicals and fuels are you using in your industrial process? Can you provide a rough 
estimation per year? 

Sugars as feedstock for fermentation into 1,4 bio-BDO production. Additive, nutrients, salts in the 
upstream phase of the fermentation process 

3.3.1.2. End users experiences useful for CO2SMOS scope 

According to your experience, Novamont introduced why they looked/are looking at CCU solutions. 

Please describe here where/how you think you could valorise the bio-based products produced by the 

CO2SMOS project? (……etc.) 

Novamont approach to biodegradable biomaterials production is based on the implementation of 
innovation to demonstrate and further upscale circular bioeconomy value chains where by-products and 
side streams are valorised, enabling to achieve nearly zero-waste biorefinery. In this sense, the possibility 
to valorise biogenic CO2 streams by Novamont represents a strong innovation and a valuable 
opportunity to close the carbon loop while generating new bio-based monomers and polymers which 
can be further valorised in the biodegradable bioplastics value chain. 

Within CO2SMOS, biogenic CO2 streams from Novamont biorefinery (that are CO2 contained in the off-gas 
from 1,4 bio-BDO fermentation and CO2 from anaerobic digestion and upgrading of exhausted cells after 
fermentation described before) will be validated to obtain biopolymers and bio-based monomers which 
will be then further validated by Novamont following a circular bioeconomy approach into the synthesis 
of novel biodegradable and compostable biomaterials. 

 

Figure 17: Novamont plant 

This can translate into the opportunity for Novamont group to implement a nearly zero waste integrated 
biorefinery, closing the CO2 loop, while developing new business models for the valorisation of its 
biogenic carbon as new feedstock for biodegradable and compostable bioplastics, such as compostable 
films for the packaging sector or, in collaboration with NADIR S.r.l., in filaments for 3D printing. 
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Please describe here where/how you think you could valorise the bio-based products produced by the 

CO2SMOS project? (……etc.) 

Novamont’s pilot plant facilities in Italy. 

Please describe if and where you have enough and adequate space to install an eventual upscaled 

CO2SMOS prototype as well as potential regulatory constraints you have to face there 

Novamont has large experience in following the regulatory procedures and obtaining the permits needed 
to upscale its technological processes in the fields of building blocks, biopolymers and biomaterials 
production. 

Following a potential future positive evaluation of the technologies being developed within the CO2SMOS 
Project, Novamont will consider a potential installation of new CO2 valorisation technologies at its 
biorefinery premises.  

Describe the potential that your plant would have by enhancing the CO2 emitted and by deploying CCU 

solutions. 

Using biogenic CO2 as feedstock for the preparation of biobased building blocks and biopolymer will enable 

Novamont to develop an integrated biorefinery capable of transforming CO2 into bioproducts, accelerating 

its transition to a nearly zero waste integrated biorefinery. 

Please describe the replication potential of the CO2SMOS system in your company (in other sites etc.) 

and potentially for the industrial sector of your industrial process 

During the Project, Novamont will also consider potential replication activities for the valorisation of 

biogenic and non-biogenic CO2 streams (such as flue gases from energy production) in some of its industrial 

plants. 

Please describe if in your country/region there are any incentives to use CCU solutions or to biogenic 

waste valorisation 

The biomethane derived from the purification of biogas obtained from anaerobic digestion of cellular 

sludges is recognised as “advanced biomethane” from the Italian Ministry of Economic Development 

within in the Decree signed on October 10th, 2014 (Part A, attachment 3, comma v) and subsequent 

amendments and additions. The economic incentives for advanced biomethane production have been 

introduced by the Ministerial Decree signed on March 2nd, 2018. 

 

3.3.2. AVANTIUM user case 

Avantium is a technology development company, listed on Euronext, with the ambition to disrupt the market 

and accelerate the transition towards renewable and circular products. Following a spin-out from Royal 

Dutch Shell in 2000, Avantium N.V. (“Avantium”) established a leading market position in providing advanced 

catalysis services and systems to companies in the oil, gas, chemical and renewable sectors. From 2005 

onwards, Avantium has been developing proprietary processes and product platforms for renewable plastics 

and chemicals based on different technologies. Since 2017, Avantium is listed on the Euronext Amsterdam 

and Euronext Brussels stock exchanges under the ticker AVTX. Avantium comprises of “Renewable 

Polymers”, converting plant-based sugars into FDCA and the plant-based polymer PEF; “Renewable 
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Chemistries”, developing novel process technologies to convert plant-based and air-based sources to 

chemical building blocks and material; and “Catalysis”, providing advanced catalysis R&D services and 

systems to the refinery and chemical industries. 

3.3.2.1. Description of the plant 

In the first section of the questionnaire, AVNT presented their plant, providing also pictures and/or diagrams. 

Please describe shortly your plant – please emphasize what are the CO2 emission points (combustion 
exhaust composition, CO2 produced by biomethane upgrade, CO2 produced by chemical processes etc.) 
and what is their source. 

Avantium has three pilot size plants with production capacities ca. 10 ton/year focused on two business 
units: renewable chemistries and renewable polymers. 

Renewable Chemistries develops innovative plant-based chemicals and materials from non-food 
resources. The most relevant facility operated by Avantium is a demonstration plant based on PlantMEG™ 
technology opened in 2019 with a clear path to scale-up and commercialization. 

PlantMEG™ is an important chemical building block for PET or PEF resin for bottles and packaging; fibers 
for apparel, furniture and automotive; and solvents (e.g. paint and coatings) and coolants. 

Ray PlantMEG™ has a huge potential to help carbon-dependent industries such as textiles, packaging, 
furniture, and automotive, accelerate their transition to a fossil free world. 

Renewable Polymers develops and aims to commercialize FDCA (furandicarboxylic acid). The YXY® plants-
to-plastics technology catalytically converts plant-based sugars into FDCA – the chemical building block for 
PEF (polyethylene furanoate) – a novel, first-in-class plant-based polyester. PEF is a 100% plant-based, 
100% recyclable and degradable plastic, with superior performance properties compared to today’s widely 
used petroleum-based packaging materials. 

The majority of Avantium company’s efforts are being put in developing sustainable processes, especially 
regarding materials. These materials can be made from bio-based intermediate products, CO2 based or 
chemically recycled sources.  

The streams of biogenic CO2 that could be valorised by CCU technologies include renewable/biofuel 
combustions flue gases and other process streams contained CO2 

Please describe how you’re targeting circularity and sustainability in your industry 

Avantium has two business units focused on renewable chemistries and renewable polymers. 

By 2030 Avantium will become a circular business and will tackle the circularity challenge with the 
following approach: 

• Design products with renewable materials that are responsibly and ethically produced. 

• Develop products that are durable and recyclable creating the highest possible value for the 
longest possible time while consuming the smallest amount of material possible. 

• Develop partnerships within the circular value chain to “close the loop”. 

• Develop new business models to extend the use of our technologies or products. 

• Develop licensing models for our renewable and sustainable technologies, scaling the production 
and enabling economies of scale. This will enable Avantium to generate more circular impact. 
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Avantium products and processes are basically supported by two business areas: i) renewable chemicals 
and ii) renewable polymers. 

The renewable chemicals business unit develops innovative plant-based chemicals and materials from 
non-food resources. It is mainly supported by a demonstration plant based on PlantMEG™ technology 

opened in 2019 for up-scaling and commercialization. The plantMEG™ (mono-ethylene glycol), is a 
sustainable and cost-effective plant-based alternative for fossil-MEG, made by Avantium RAY plants-to-
glycols technology that provides brands with a sustainable, recyclable, and innovative ingredient capable 
of attracting environmentally conscious consumers. It is projected to grow from 28 million tonnes to 35 
million tonnes in 2035. 

On the other hand, the renewable polymers business unit has developed a technology to commercialize 
FDCA (furandicarboxylic acid). The YXY® plants-to-plastics technology catalytically converts plant-based 
sugars into FDCA, a chemical building block for PEF (polyethylene furanoate), a novel polymer to produce 
polyester bio-based materials. 

Please describe which type of biogenic wastes (and a rough estimation) you’re producing and how 
you’re handling such wastes, maybe promoting strategies for valorisation of biogenic residues etc.  

The renewable chemicals unit of business is mainly supported by a demonstration plant based on 
PlantMEG™ technology opened in 2019 for up-scaling and commercialization. The plantMEG™ (mono-
ethylene glycol), is a sustainable and cost-effective plant-based alternative for fossil-MEG, made by 
Avantium RAY plants-to-glycols technology. 

The use of plantMEG™ will provide brands with a sustainable, recyclable, and innovative ingredient 
capable of attracting environmentally conscious consumers. It is projected to grow from 28 million tonnes 
to 35 million tonnes in 2035. 

Please describe past actions you performed towards a reduction of CO2 emission of your plant. 

Protocols and operation performed in Avantium pilot plants located in Delfzijl and Geleen.  

Please include here a rough estimation of yearly CO2 produced by your plant. 

Not detailed yet (no production assets / confidential information not available) 

Please include here a rough estimation of biogenic flue-gas composition produced by your plant. 

Not detailed yet (no production assets / confidential information not available) 

Does your plant already treat and/or capture CO2? How? Please describe. 

Not detailed yet (no production assets / confidential information not available) 

Which type of chemicals and fuels are you using in your industrial process? Can you provide a rough 
estimation per year? 

In our pilot plants we use biomass feedstock, hydrogen, catalysts and solvents. Our plants run on a 10 
ton/yr. scale. 

3.3.2.2. End users experiences useful for CO2SMOS scope 

According to your experience, AVNT introduced why they looked/are looking at CCU solutions. 

Avantium believes in a fossil-free future. At the moment over 350 Mtons of plastic are produced annually, 

with an annual increase around 3%, which would lead to an annual production of over 1 Gton by 2050. In 



 
 
 

 

 D1.2 -STAKEHOLDERS REQUIREMENTS AND MARKET NEEDS 42 

order to meet these demands, especially when moving away from fossil resources, all sustainable carbon 

sources should be explored, especially CCU. 

Please describe here where/how you think you could valorise the bio-based products produced by the 

CO2SMOS project? (……etc.) 

Our group within Avantium is specialised in developing novel sustainable polymers, especially aiming at 
applications where the use of biobased and CO2 based monomers make sense (improved properties). 
Secondary diols (such as 2,3-BDO) can significantly improve physical properties of polyesters (especially 
the Tg), but are challenging to incorporate into polyesters due to their reduced reactivity. We have been 
developing several methods to solve these problems and will also apply those in the CO2SMOS project. 
We will apply our knowledge to research potentially interesting polymers containing the monomers 
produced within CO2SMOS. The promising materials will be further developed and their production 
upscaled to first make several kilograms in autoclaves. In case the recipe is scalable and economically 
feasible gradual scale-up to demo size and potentially commercial scale is possible. This also depends 
heavily on the availability of the monomers developed within the project. 

Please describe if and where you have enough and adequate space to install an eventual upscaled 

CO2SMOS prototype as well as potential regulatory constraints you have to face there 

If the outcome of this project leads to an upscaled prototype, it will fall outside of this project. 

Describe the potential that your plant would have by enhancing the CO2 emitted and by deploying CCU 

solutions. 

Not detailed yet (no production assets / confidential information not available) 

Please describe the replication potential of the CO2SMOS system in your company (in other sites etc.) 

and potentially for the industrial sector of your industrial process 

This potential depends on cost and performance of the new polymers/plastics that will be developed. The 

long-term impact is difficult to estimate now but we target large scale applications (millions of tons per 

year), which could reduce emissions (or generate negative emissions when using CCU) by millions of tons 

per year. 

Please describe if in your country/region there are any incentives to use CCU solutions or to biogenic 

waste valorisation 

Yes, Avantium has specific grant programs under ECCM (https://www.co2neutraalin2050.nl/) to support 

CCU initiatives. For larger scale deployment general grants and funding tools are available. 

3.3.3. NADIR user case 

NADIR S.r.l. is a small enterprise headed by some experienced researchers that focused their activities in the 

development and applications of a proprietary atmospheric plasma technology and innovative 

nanocomposites polymers materials with active and smart functionalities.  

A wide range of materials is available through the use of polymer compounds. These compounds can 

incorporate performance-enhancing fillers, which provide properties not reachable with ordinary neat 

https://www.co2neutraalin2050.nl/
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polymers (e.g., bending stiffness, tensile strength, elongation, torque, biological activity such as antimicrobial 

properties, electro-thermal conductivity, gas barrier).  

Nadir with its Lab Scale Twin Screw Extruder is able to produce innovative polymer compounds starting from 

a wide range of thermoplastic Polymers with melting temperature in the range 30°C – 320°C. With this pilot 

scale extruder Nadir can modify, improve and produce innovative polymeric compounds by working with 

several type of fillers and nanofillers , ranging from organo-clay, POSS, Graphene, Reduced Graphene Oxide, 

Silica, Carbon nanotube, and organically modified LDH. 

3.3.3.1. Description of the lab 

Please describe shortly your company and your Lab 

NADIR S.r.l. is a small enterprise headed by some experienced researchers that focused their activities on 

the development and applications of a proprietary atmospheric plasma technology and innovative 

nanocomposites polymers materials with active and smart functionalities.  

A wide range of materials is available through the use of polymer compounds. These compounds can 

incorporate performance-enhancing fillers, which provide properties not reachable with ordinary neat 

polymers (e.g., bending stiffness, tensile strength, elongation, torque, biological activity such as 

antimicrobial properties, electro-thermal conductivity, gas barrier).  

NADIR with its Lab Scale Twin Screw Extruder is able to produce innovative polymer compounds starting 

from a wide range of thermoplastic Polymers with melting temperature in the range 30°C – 320°C. With 

this pilot scale extruder Nadir can modify, improve and produce innovative polymeric compounds by 

working with several type of fillers and nanofillers, ranging from organo-clay, POSS, Graphene, Reduced 

Graphene Oxide, Silica, Carbon nanotube, and organically modified LDH. Nadir researchers have a proved 

experience in biobased and biobased biodegradable polymer compounding for the development of 

biopolymer compound with enhanced properties. 

Moreover Nadir, thanks to a specific filament extruder, provides its innovative polymer compound also as 

filaments with controlled diameter for 3D printers based in FDM Technology to be used in additive 

manufacturing. 

Please describe any significant infrastructure and/or any major items or technical equipment relevant 
to the proposed work 

In its operative site, NADIR possess all the necessary equipment and devices for the production and 

characterization of new polymeric compounds. A lab scale co-rotating twin screw extruder equipped with 

volumetric dosimeters is available for the study of innovative compounds. NADIR polymer lab is also 

equipped with a viscosimeter for rheological characterizations, a mini jet injection moulding machine for 

the production of characterization specimen, and with a tenso test machine for dynamometric tests. 

 

3.3.3.2. End users experiences useful for CO2SMOS scope 

According to your experience, NADIR introduced why you looked/are looking at CCU solutions. 
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Please describe here where/how you think you could valorise the bio-based products produced by the 

CO2SMOS project? (……etc.) 

Nadir polymer division activities are focused on plastic compounding processes whereby different 

thermoplastic polymers and “value-adding” components are mixed in order to create materials showing 

innovative, enhanced and tailored properties for a variety of applications ranging from automotive to 

biomedical engineering. 

The biobased products realized during CO2SMOS project will be valorised by NADIR mainly in additive 

manufacturing (AM) and biomedical sectors. In particular, in AM sector, NADIR can optimize the biobased 

polymer formulation in order to achieve materials for FDM-based 3D printing having new properties 

compared to the available biopolymers like polylactide (PLA).   

Biobased products can also be valorised in biomedical sector as innovative and sustainable products useful 

for production of bioactive polymer compounds for implantable devices also with biobased sources. 

 

3.4.  Results from Second CO2SMOS webinar real-time Polls 

As already mentioned, 147 people registered for the webinar of which 77 attended the webinar. 

Not all people were able to give their answers to the survey questions in real time. Notably, only a maximum 

of 39 people joined the polls. It is noteworthy that 8 people who participated in the online survey joined the 

second webinar and responded to the real time polls. 

Q1 “Which sector does your organization belongs to?” was placed to want to frame the sector of reference 

of the respondents. 28 participants responded to Q1. As can be seen in the Figure 18, 21% of respondents 

came from Academia and 14% from Energy related company. With a percentage of 11%, it is possible to find 

the "Chemical and bio-chemical" and "Waste management" sectors respectively and with 7% it is possible to 

find the "Refinery and bio-refinery and" Polymers and bio-polymers "sectors respectively. 

Compared to the sectors pre-imported and entered as answer options, 25% of respondents chose the 

"Other" option. Among the responses received in chat, we found Steel industry and Technology Providing 

and Development.  
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Figure 18: Real-time Poll Q1 - Which sector does your organization belongs to? 

Q2 “In which sense CO2 emissions affects their production/process/industry?” was the first question asked 

to respondents to validate the result obtained from the same question posed in the survey (question Q8). 

Single answer was allowed for this question. 24 participants responded to Q2. 

As shown in Figure 19, the survey highlighted that 50% of the respondents claimed that CO2 emissions affects 

your production/process/industry mainly from both from an environmental/image and economic point of 

view (Carbon tax), 13% claimed “mainly from environmental/image point of view” option and 4% “mainly 

from an economic point of view (carbon tax)”. It is also interesting to see how 33% of respondents chose the 

"Other" option. No relevant answers reported in the Zoom chat.  

 

Figure 19: Real-time Poll Q2 - In which sense CO2 emissions affects your production/process/industry? 
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Subsequently, through a multiple-choice answer, the responded explained what the barriers and constraints 

are preventing their organisation to implement and deploy carbon capture and utilisation (CCU) solutions. 

This was the second question asked to respondents to validate the result obtained from the same question 

posed in the survey (question Q9). 20 participants responded to Q3. 

As shown in Figure 20, the biggest barrier is related to Economic Reasons, mainly considering high CAPEX to 

implement CCU systems (30%) as also emerged from the responses of the online survey. 

The second and third most voted barriers among those that were indicated in the poll were " Lack of 

knowledge on the technology " with 13% of the votes and " Technical difficulties to integrate CCU process in 

the overall industrial process" with 10%. Important to note that 27% of respondents indicated the option 

"Other "without specifying many details in chat. 

 

 

Figure 20: Real-time Poll Q3 - What are the barriers preventing your organisation to implement and 
deploy CCU solutions? (multiple choice) 

As in the online survey, the questions Q10 "Do you have any on-going/planned investment on CCU?" and 

Q12 "Do you have any on-going/planned investment on the production of bio-based products? " were again 

asked. 22 participants responded to Q4a and Q4b.  

As shown in Figure 21, more "No" answers were collected than the survey questions. Interesting fact that 

will be commented in more detail in the Section 3.5. 
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Figure 21: Real-time Poll Q4a - Do you have any on-going/planned investment on CCU? and Q4b - Do you 
have any on-going/planned investment on the production of bio-based products? 

Attendees were asked to validate the Q14 of the survey through the Q5 of the second webinar. 17 

participants responded to Q5, where multiple choice was allowed.  

As shown in Figure 22, It is possible to note that for 32% of the interviewees, the most applicable solutions 

to their CO2 enhancement process are the catalytic solutions. For 27% the most applicable solutions are the 

bio-technological solutions while for 24% they are the electro-catalytic solutions. Only 17% selected the 

"membrane-based solutions" option. 
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Figure 22: Real-time Poll Q5 - CO2SMOS will develop a set a of high added-value chemicals with direct 
use as intermediates for bio-based products. Choose the option(s) you are the most aware/confident 

about. (multiple-choice) 

Attendees were asked to validate the Q15 of the survey through the Q6 of the second webinar. Multiple 

choice was allowed. 16 participants responded to Q6. 

As shown in Figure 23, it can be seen that 94% of respondents found the answer options we provided relevant 

and only 6% felt it necessary to select the "Other" option. 

In particular, the four responses received a comparable percentage grade. In detail, the " Reduce carbon 

emissions (and then taxes) from the industrial process", “Improve the competitiveness of the industrial 

process by transforming CO2 into new products to be sold“, and “Improve the social reputation of the 

manufacturing company and/or its products” options were chosen respectively for 24% and the " Improve 

the self-sustainability by transforming CO2 into new products that could re-enter the industrial process as 

raw material" option was voted for 22%. 
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Figure 23: Real-time Poll Q6 - What would you expect from a CCU process for your industry? Chose the 
most relevant solution(s). (multiple-choice) 

Then, attendees were asked to validate the Q17 of the survey through the Q7 of the second webinar. 19 

participants responded to Q7 and multiple choice was allowed. 

As shown in Figure 24, it can be seen that 92% of respondents found the answer options we provided relevant 

and only 8% felt it necessary to select the "Other" option. 

According to their technical experience, the most considered barriers the respondents would have to face in 

order to install CO2SMOS CCU solutions in their processes / plants are “CAPEX / OPEX of such implementation 

and use” for 35% of respondents and “Commercial CCU technologies do not meet the parameters of 

efficiency, scalability and / or economic feasibility required to tackle a possible investment at large scale” for 

again 35% of respondents. 

This result confirms what had already emerged from the survey. 
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Figure 24: Real-time Poll Q7 - Which could be the barriers for the CO2SMOS CCU installation? (multiple-
choice) 

The Q8 was the last multiple question the consortium proposed to validate the Q18 of the survey. Here the 

respondents were asked which, in their opinion, are the most relevant industrial sectors / processes to be 

targeted by CO2SMOS Solutions. Multiple answers were allowed for this question. 21 participants responded 

to Q8. 

Contrary to what emerged from the survey, the "Chemical” option was indicated 18 times and the “Waste 

incineration plant and fossil-based power plant” 11 times, as shown in the Figure 25. 

 

Figure 25: Real-time Poll Q8 - Who are, in your opinion, the most relevant industrial sectors/processes to 
be targeted by CO2SMOS Solutions? (multiple-choice) 
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3.5.  Final general overview of the results obtained 

In order to find relevant conclusions from all the activities carried out and information collected, RINA 

decided to combine the answers obtained in the various activities into general graphs. To enter the correct 

information, RINA combined the survey info with the poll real-time answers of the second webinar, naturally 

excluding the answers of the participants who had already provided their answers in the online survey. In 

particular, the answers provided by 4 attendees of the second webinar were excluded, since they had already 

provided their answers in the online survey.  

In general, 8 of the attendees of the second webinar are among the 23 respondents of the survey. However, 

only 4 of them responded to the real-time polls.  

Combining the results, a total of 62 people (23 from the survey and 39 from the second webinar) provided 

their experiences and suggestions. 

As shown in Figure 26, when asked "In which sense CO2 emissions affects their 

production/process/industry?”, 42% of the total people answered the "both from an environmental/image 

and economic point of view (Carbon tax)" option and the 25% answered “mainly from environmental/image 

point of view”. 

 

Figure 26: In which sense CO2 emissions affects your production/process/industry? 

Subsequently, as shown in Figure 27, it is confirmed that the biggest barrier and constraint preventing the 

respondents’ organisation to implement and deploy carbon capture and utilisation (CCU) solutions is 

Economic Reasons, mainly considering high CAPEX to implement CCU systems (25% of the answers). 
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Figure 27: What are the barriers preventing your organisation to implement and deploy CCU solutions? 
(multiple choice) 

By combining the results of the two questions " Do you have any on-going/planned investment on CCU?" and 

" Do you have any on-going/planned investment on the production of bio-based products?", it is interesting 

to see in the Figure 28 how about half answered "Yes" and the other half answered "No". These data are 

interesting because it emerges that among the respondents there are companies that have already begun to 

evaluate and make investments on these topics but also companies that have not yet done so. Perhaps they 

will begin to evaluate investments and projects on CCU solutions also thanks to the webinars that CO2SMOS 

has organized. 

Interested companies will naturally be involved in CO2SMOS activities when WP6 dedicated to "Replicability 

studies, market analysis, regulatory framework and social acceptance measurements" will start in M12, so in 

May 2022.  

Interested companies could become potential CO2SMOS replicability sites.  
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Figure 28: Do you have any on-going/planned investment on CCU? and Do you have any on-
going/planned investment on the production of bio-based products? 

According to Figure 29, it can be confirmed that the most applicable solutions to their CO2 enhancement 

process are the catalytic solutions (30% of the answers), but looking at the percentages of the results, it is 

possible to state that, depending on the sector of reference, all the technologies proposed in the survey by 

the consortium are considered applicable and the participants are confident. 

 

Figure 29: CO2SMOS will develop a set a of high added-value chemicals with direct use as intermediates 
for bio-based products. Choose the option(s) you are the most aware/confident about. (multiple-choice) 
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Then, according to the question “What would you expect from a CCU process for your industry?” and as 

shown in Figure 30, it can be confirmed that the greatest impact the CCU process can have on the companies 

of the participants is “Reduce carbon emissions (and then taxes) from the industrial process”, chosen by 26% 

of the respondents. 

The second most important answer was " Improve the self-sustainability by transforming CO2 into new 

products that could re-enter the industrial process as raw material " which registered 24% of the total votes. 

 

Figure 30: What would you expect from a CCU process for your industry? Chose the most relevant 
solution(s). (multiple-choice) 

As shown in Figure 31, combining the answers obtained to question “Which could be the barriers for the 

CO2SMOS CCU installation?", it can be confirmed that “CAPEX / OPEX of such implementation and use” and 

“Commercial CCU technologies do not meet the parameters of efficiency, scalability and / or economic 

feasibility required to tackle a possible investment at large scale” are the most voted answers, for a total of 

25 votes per option. CO2SMOS will try to overcome these barriers in the hope of being able to implement 

the project's solutions in the greatest number of processes and companies. 
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Figure 31: Which could be the barriers for the CO2SMOS CCU installation? (multiple-choice) 

Finally, as shown in the Figure 32, by combining the answers obtained to question “Who are, in your opinion, 

the most relevant industrial sectors/processes to be targeted by CO2SMOS Solutions?", it can be confirmed 

that “Chemical” was the most appropriated sector/process for implementing the CO2SMOS solutions, option 

voted 26 times. The second most voted was “Waste incineration plant and fossil-based power plant” with a 

total of 18 votes. 

These results confirm those already emerged during the second webinar. 

CO2SMOS will try to focus mainly on these sectors, while also considering the selected minor sectors and the 

sectors that were suggested in the chat during the second webinar. 
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Figure 32: Who are, in your opinion, the most relevant industrial sectors/processes to be targeted by 
CO2SMOS Solutions? (multiple-choice) 
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4. Conclusions 

The deliverable D1.2 reports valuable information and feedback about the different stakeholders to be 

considered when implementing CO2SMOS platform technologies in the industrial sector. The purpose of the 

survey was the analysis, within the CO2SMOS EU project, of the end users’ requirements to understand the 

potential application of replication of CO2SMOS platform technologies to different industrial sectors in order 

to valorise their CO2 emissions (mainly, based on biogenic sources/processes) and producing added value 

chemicals for new bio, or CO2-based-materials. 

Identification of the external stakeholders has been performed and contacted by means of different 

dissemination activities and finally framed in two 2 international webinars. A series of questionnaires have 

been developed in order to collect potential stakeholders’ requirements and needs, emphasizing on the 

potential benefits that CO2SMOS project could bring.  

The most relevant industrial sectors/processes that could targeted by CO2SMOS solutions, according to the 

results of the survey include: i) the chemical process/bio-based industries (more than 40%), ii) waste 

incineration plant and fossil-based power plants and iii) oil & gas sector.  

One of the most relevant conclusions obtained from the feedback of the stakeholders is also focused on the 

barriers and constraints that prevent the deploy of carbon capture and utilisation (CCU) solutions. According 

to the information collected from the surveys, the biggest barrier is related to economic reasons, mainly 

considering high CAPEX/OPEX to implement CCU systems but also technological barriers such as unmatured 

technology solutions and technical difficulties to integrate CCU process in the overall industrial process. In 

this sense, it has been noticed that commercial CCU technologies do not meet the parameters of efficiency, 

scalability and / or economic feasibility required to tackle a possible investment at large scale. 

Regarding the response of the project bio-based industries end-users (specially bioplastic producers, such as  

Novamont, Avantium and Nadir), CO2SMOS technologies will enable the possibility of developing a nearly 

zero-waste biorefinery based on the valorisation of biogenic CO2 streams, which represents a strong 

innovation and a valuable opportunity to close the carbon loop, following a circular bioeconomy, while 

generating new bio-based monomers and polymers which can be further valorised in the biodegradable 

bioplastics value chain. 

Other significant conclusions reached from the answers of the entities and stakeholders interested in the 

Project, is the high interest shown by th universities and public research centres that participated in the 

webinar and project diffusion activities. In addition, other relevant sectors such as: the bioethanol, biogas, 

cement, and steel & iron sectors are included as a part of the potential stakeholders interested in CO2SMOS 

project. Some of these sectors, in addition to be high energy intensive processes/sectors, are being forced to 

change their industrial models, and including biofuels or bio-raw materials that could lead in new biogenic 
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CO2 emissions due to the recent situation towards CO2 mitigation. On the other hand, food and beverage 

industry are not much interested for them in valorizing this CO2 that is high quality stream because they will 

probably reintroduce it to the system 

In the Table 5, it is possible to see which are the most voted answers to the main questions that have been 

asked. 

Table 5: Summary table with the most voted answers 

Questions Most voted answer 

In which sense CO2 emissions affects their 
production/process/industry?” 

both from an environmental/image and economic 
point of view (Carbon tax) 

What are the barriers preventing your 
organisation to implement and deploy CCU 
solutions? 

Economic Reasons, mainly considering high 
CAPEX to implement CCU systems 

Do you have any on-going/planned investment 
on CCU? 

Yes 

Do you have any on-going/planned investment 
on the production of bio-based products? 

Yes 

CO2SMOS will develop a set a of high added-
value chemicals with direct use as intermediates 
for bio-based products. Choose the option(s) you 
are the most aware/confident about. 

Possibility to use catalytic solutions in your CO2 
valorisation process 

What would you expect from a CCU process for 
your industry? Chose the most relevant 
solution(s). 

Reduce carbon emissions (and then taxes) from 
the industrial process 

Which could be the barriers for the CO2SMOS 
CCU installation? 

1. CAPEX / OPEX of such implementation and 
use 

2. Commercial CCU technologies do not meet 
the parameters of efficiency, scalability and / 
or economic feasibility required to tackle a 
possible investment at large scale 

Who are, in your opinion, the most relevant 
industrial sectors/processes to be targeted by 
CO2SMOS Solutions? 

Chemical 
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Annexes 

The following disclaimer was included in the survey and that the respondents had to accept by clicking the 

"I agree" button before submitting their answers. 

“PRIVACY AND CONFIDENTIALITY POLICY 

Scope & content 

This PRIVACY AND CONFIDENTIALITY POLICY explains how CO2SMOS Consortium handles your 

personal data and information collected through this questionnaire. Personal data is any 

information relating to an identified or identifiable person (e.g., e-mail address, name or phone 

number). Information are your answer to the questionnaire. 

Data we collect & how we use it 

CO2SMOS Consortium collects answers to this questionnaire and other relevant information 

voluntarily disclosed by the CO2SMOS Project External Stakeholder with the consortium in the 

framework of WP1 to gather specific information on the most interesting industries to identify a 

list of sectors, processes and stakeholders with potential interest in the valorisation of CO2 

emissions, as well as a list of challenges, requirements and potential solutions that can solve 

these barriers. Data and information will be stored in an internal confidential repository and will 

be included in project reports in anonymized way. We aim to protect your personal and 

confidential data. CO2SMOS Consortium uses a variety of commercially available security 

technologies to protect your data. The information you provide may contribute to research 

reports, research publications and/or conference presentations delivered by the CO2SMOS 

project team. 

Disclosure to other institutions 

CO2SMOS will not provide your personal data and information to any third party outside the 

consortium without your prior consent. Furthermore, any information collected via this 

questionnaire will be used only for CO2SMOS project purpose (WP1 related activities). 

Your right to access, correction and deletion of personal data 

You may opt out of the collection and processing of your personal data/collected information at 

any time informing Project Coordinator via email: Dr. Raúl Piñero Hernanz – CARTIF Technology 

Centre – raupin@cartif.es. In addition, you have the right to correct or delete data/information 

we hold about your institution. You can contact the Coordinator at the e-mail address listed 

above to request a change to your data or a copy of the data stored. 

By clicking this button, you submit your information to the survey organizer (RINA Consulting 

S.p.A. on behalf of CO2SMOS Project Consortium and in accordance with H2020 Grant 

Agreement n. research and innovation programme under grant agreement No 101000790), 

which will use it to communicate with you regarding CO2SMOS H2020 project. Microsoft Form 

processes Personal Data according to the following privacy policy: https://docs.microsoft.com/it-

it/legal/gdpr. 

https://docs.microsoft.com/it-it/legal/gdpr
https://docs.microsoft.com/it-it/legal/gdpr
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Microsoft Forms, part of the Office 365 Suite, is GDPR-compliant. Microsoft goal is to help global 

business customers manage compliance and avoid risk. Microsoft Forms allows users to quickly 

and easily create custom quizzes, surveys, questionnaires, registration forms, and more. The 

content in these forms, as well as end user information, remains in the direct control of 

administrators and end users. Microsoft processes data on behalf of customers to provide the 

requested service as set forth in Microsoft Online Services Terms. 

The results of this survey are anonymous, and summaries of this anonymous information will be 

published in project reports to the European Commission. This personal information will be held 

until 6 months after the end of CO2SMOS project on 30th April 2025, and after that date securely 

destroyed.” 

 

 

 



 

  

 

 


