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A project that meets demands:
consumers', industries' and planets' demands 
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Planet:
Cheosphere’s & biosphere’s changing 

fast (CO2 emissions: 36.2 Gt); +2.2˚C in 
2100 

Enzymes
 1-2.5 Bt CO2

 200 Mt chemicals
 Global economy 0.5%

Demands

FuturEnzyme
“from nature to 

consumers”
approach

Enzymes can reduce
128 Mt CO2 annually, equivalent 
to 0.7 trillion km travelled by car

FuturEnzyme targets: 
Detergent, textile and cosmetic sectors

Challenges:
Cost: €30k/enzyme
Screen Cf: 0.008-0.38 kgCO2 eq/enzyme
Time: 15 months/enzyme
Production Cf: 8.9 gCO2 eq/g enzyme



FuturEnzyme

3

To establish and combine a series of technologies to retrieve highly 
powerful, stable and low cost microbial enzymes …

With them, we aim to approach the complex reality and challenges of real 
consumer products in the detergent, textile and cosmetic sectors …

With the ambition of greening products already in the market, making 
them more environmentally friendly, valuable, functional and sustainable.

General Objective:
Greening consumer products already in the market
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Consumer products in FuturEnzyme
Challenges and bottlenecks for the target sectors and products

 Detergent sector

 Enzymes in laundry detergents give the consumers new opportunities to reduce the carbon footprint through: 

 Reducing the energy for heating the water during wash at home, by 5-10°C.  

 New and improved enzymes (esterase & lipases) are beneficial to remove fatty stains at low wash temperatures (i.e. 20-30°C). 

 However, it is very challenging to:

 a) Identify new enzyme candidates, which bring new and promising properties, and

 b) To evaluate if these wild type enzymes are applicable for the target laundry detergents.

Surfactants

Polymers

Solvents

Temperature

Time

Protease

Bleach

pH

Chelators

Substrates

Enzyme
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 Textile sector

 Enzymes (esterases, lipases, oxidoreductases and poly-ester hydrolases) in the textile production unit can have 
an effective impact to save energy, time and water and reduce CO2 emissions in three steps: 

 The removal of the spinning oils (mineral oil, silicone and fatty acids) during the solvent cleaning step. 

 The removal of the dyes after the dyeing/fixing of the textile materials.

 The degradation of textile waste after the end-use.

 The textile’s complexity, in the base material used and different oils & dye recipes & variants in color, make it 
quite complex to find only one enzyme in their removal and discoloration and neutralization of the wastewater.

Consumer products in FuturEnzyme
Challenges and bottlenecks for the target sectors and products

Fiber 
Spinning

Weaving/
Knitting

Solvent 
Cleaning

Dyeing

Removal spinning preparations/oils, dyes & auxiliaries

Washing Finishing Cut & Sew

Fibers Customers
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 Cosmetic sector

 Enzymes can have an effective impact to hydrolyze the long hyaluronic acid in a short defined molecule that is 
key to the production of anti-ageing cosmetics. Here there are two basic challenges. 

 Have a repeatable defined molecule size, because pro-inflammatory responses have been reported for 5-15 kDa fragments. 

 For a complex molecule like hyaluronic acid it is not so easy to find an enzyme that cleaves/hydrolyzes at the right place to yield 
1-2 kDa fragments.

 This is why we are interested in identifying such an enzyme with which to produce the short-, long- and mid-size 
molecules. Most likely these will be hyaluronidases.

Consumer products in FuturEnzyme
Challenges and bottlenecks for the target sector and products

200 kDa hyaluronic acid
 Biological anti-ageing activity

 Low skin penetration

1-2 kDa hyaluronic acid
 Anti-ageing activity

8300 3-6
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The FuturEnzyme integrated approach
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The FuturEnzyme integrated approach

Genetic
resources

Selection of
“smart” 
enzymes

Production
strains

Manufacturing
process

(yield, safety)

Sustainable production Optimal formulation

Manufacturers’ 
requests and
specifications

Preindustrial
validations

Enzyme
improvement

Consumer and Market
Feedback

Life Cycle Assessment

HTP analytics
(real-substrates)

HTP (heterologous, cell-free, 
green chemistry-based-) 

production methods

Decision

Disruptive engineering:
• Machine learning
• Supramolecular

Set-up sophisticated screens:
• Functional
• Bioinformatics filters
• Machine learning filters

Selection

Artificial intelligence
(predictive tool)

Sequence

Smart enzyme with
industrial specifications www.futurenzyme.eu

Yield
Yield
Yield

Yield and 
performance
Life Cycle 
Assessments
Policy, consumers…
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The FuturEnzyme expected results

FuturEnzyme
“Greening 
strategies”

Dissemination, 
communication and 

exploitation 

Microbial enzymes (+1,000) with 
manufacturers’ requirements for 
«target» products
(detergent, textile, cosmetic)

2 Innovative bioinformatics & computational platforms
• 2 web-based resources to screen for enzymes 

required by the target sectors

4 Products
• LHC detergent (+1) with new enzymes.
• Enzyme-processed textiles (+3) A4 size.
• Leading cosmetic (+1) with hyaluronic 

products made with enzymes.
• Enzymes

18 Enzymes active and robust 
enough to outlast the product 

and process conditions

9 Verified and safe enzymes 
produced at scales required to 

approach the pre-industrial tests

• +1,050 Visualization activities (social media, web, short 
movie, images, newspaper/TV/radio appearances)

• +104 Articles (peer-reviewed and divulgative)
• +27 Events organized (workshops, technical courses, 

scientific seminars, training, conferences, webinars)
• +2 Policy briefs
• +3 Technical bulletins, briefings
• +3 Patents
• +130 Events assisted (workshops, technical courses, 

scientific seminars, training, conferences, webinars)
• +1 Customer survey & product test
• +2 Policy events & policy briefs
• Etc.

• Impact on policymaking
• Impact on dissemination, communication, exploitation
• Impact on training
• Impact on recruitment
• Impact on gender dimension
• Impact on internationalization, cooperation activities

• Impact on the enzyme supply to 
industry

• Impact on greening consumer products 
(environmental, economic, 
employment…)

• Impact on the bio-based sector
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The FuturEnzyme workplan

WP1 - Managing and Coordination (58 P/M)

WP8 -
Communication, 
Dissemination & 
Exploitation 
(70.57 P/M)

Enzymes

Activity-based 
bio-prospecting 

WP4 (173 P/M)

WP3 (75 P/M)

Machine learning 
bio-prospecting 

WP2 (51 P/M)

WP4

Enzyme 
engineering

WP5 (96 P/M)

WP9 - Ethics

Greener products

WP7 (83 P/M)

Supply best 
enzymes

WP6 (97.9 P/M)



• 1st set engineered 
enzymes (+18)

• 1st set multi-gram 
enzymes (+18)

• 1st set multi-gram 
enzymes (+9)
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The FuturEnzyme key technical indicators

M1 M6 M12 M24 M36 M48M18 M30 M42

• 1st set of selected
enzymes (+1,000)

• 1st set enzymes 
(+50,000)

• 1st set of priority
enzymes (+180)

WP4

• HMM & 
ML tool

• 1st set greener 
products (+3)

• 2nd set enzymes 
(+250,000)

Achieved in RP1

For next RPs
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Lipases
Esterases 

Proteases Lactonases Hyaluronidases

Hydrolases

Cutinases Amylases Oxidases Peroxidases Laccases

Oxidoreductases Artificial enzymes

PluriZymes
Poly-ester
hydrolases

Products

System 2c
Textile

(recycling)

Tier 1

Resources to be screened

Own 
resources

Public 
resources

Platforms for improvement

Digital Bench

Platform for bioprospecting

Digital Bench

Platforms for producing

Native Host Cell-free Metamorphosis

Tier 2

Products

System 1
Detergent

System 2a,b
Textile

System 3
Cosmetics

Tier 3
Technical Environmental

Economical Societal

Assessments and Impacts Tier 4
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The FuturEnzyme impact
Impact at the technical and technological level 1) Enzymes for consumer products with  environmental impact

• 1,612 new enzymes (+119 sites; 100-37% homology) 
• 678 successfully produced
• 368 validated
• 27 prioritized

Heuristic algorithm, AsiteDesign
Strategy for “fishing, immobilizing and shielding” enzymes

Novel bio-containers for digital tools 
(2) for fishing priority enzymes

Access to broad diversity
+293 different locations
+51 environmental samples
+1700 isolates, +858 species
+52 enrichments
+42 clone libraries
+223 genomes
+64 metagenomes
+400 million sequences
+1 billion public sequences

Novel bench (34) and digital 
methods and algorithms (5) for 
enzyme bio-prospecting and pre-
selection

Multiple expression systems, 
e.g. expression via in vitro, 
metamorphosis, plasmid design, 
fermentation optimization

2) The competitiveness and sustainability of 
European industry enhanced

• Activities and objectives priority & relevant
• Real-life products, priorities & needs on 

place
• LCA and experimental requirements set up
• First enzymatic tests (ongoing) will 

determine real impacts



The FuturEnzyme impact
Impact at the policy level
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 Efficient feedback into policymaking in research, innovation and technology

 A better framework for systemic innovation through increasing broad stakeholder engagement

• Large dissemination and communication network that allow 
approaching diver multi-actors

• We have implicated a member of a consumer organization 
(Altroconsumo) in our AB

• A Policy Working Group (PWG) built on the frame of the 
collaboration with other FNR-16-H2020

• The preparation of a policy document 

FuturEnzyme’s response and influence on EU policies, include at least the following

• Zero Pollution Action Plan, 8th Environmental Action Program, European Green 
Deal, Circular Economy Action Plan, 2018 EU Bioeconomy Strategy and Action Plan 
(EU-BS), EU Strategy for Sustainable and Circular Textiles, EU Blue Bioeconomy and 
EU Blue Growth, IPCC 6th Assessment report: Impacts, Adaptation and 
Vulnerability
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Impact on dissemination, communication and exploitation of results: Audience of at least 35,000 people
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End-users Dissemination, communication and exploitation channels

Broad audience

1 Website (Free access) – Done
1 on-line meeting platform (Task 8.2) – Done
5 Visual identity guidelines, pictures, artistic animations (Task 8.3) – +6
2 Film, film footage, comic (environmental+product… thematics) (Task 8.3) – ongoing
1,000 Social media (e.g. LinkedIn + Twitter, etc.) notes and events (including Open days) 
(Task 8.3) – 114 posts and 4 open days
40 Newspapers/Radio/TV appearances (Task 8.3) – 14

Scientific/academic 

community

100 Scientific publications & research datasets (Open Access) (Tasks 8.3, 8.6) – 21

1 Brochure – 1

1 Policy brief (Task 8.3) - ongoing

4 Scientific workshops (e.g. including RRI-based) (Task 8.4) – 2

1 Technical courses – ongoing

2 Training activity for secondary school students (Task 8.4) – 1

25 Scientific seminars/webinars/talks (Task 8.4) – 37

40 Presentations in conferences and workshops (Task 8.3) – 38

 Audience of at least 35,000 people, counting:
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Impact on dissemination, communication and exploitation of results: Audience of at least 35,000 people
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End-users Dissemination, communication and exploitation channels

SMEs and industries 

operating in the biotech 

sector (also scientific and 

academic community)

2 Online software (Tasks 2.2 and 2.4) – ongoing

2 News technical bulletins and understandable practice abstracts (Task 8.3) – ongoing

2 Articles in scientific magazines (e.g. OUP blog) (Task 8.3) – 2

1 Conference – 4

3 Online webinars (Task 8.3) – 1

3 Patents (Task 8.5) – not corresponding yet

1 Brochure – 1
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Impact on dissemination, communication and exploitation of results: Audience of at least 35,000 people
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End-users Dissemination, communication and exploitation channels

Consumers & Policymakers

1 Legacy leaflet (Task 8.3) – 0

2 Consumer briefings – 2

2 Policy briefings – ongoing, final stages

2 Articles in non-scientific magazines (e.g. Ambienta) (Task 8.3) – 1

3 Industry/market/consumer-driven Workshops (Task 8.4)  – 0

2 Policy events (1 with other call-consortia)  – 0

2 Roundtables (Tasks 8.4, 8.7) – 0

1 Public event “EU Green Deal aligned to Rights, Ethics, Equality” (Task 8.4) – 0

1 Customer analysis – 1

1 Consumer survey and product test (Task 8.5)
Networks of other actors 

and of the FNR-16-2020 call

3 Demonstration events (in science festivals, etc.): prototypes (Task 8.5) – 0

4 Exhibitions and tours (in science festivals, etc.) (Task 8.3) – 0

2 Inter-consortia networks (Tasks 1.2, 8.7) – 2 (PWG, TheActiveSite)
Intra-consortium members 4 Exploitation workshops involving 7 operational groups4 (Task 8.5) - 2



The FuturEnzyme impact
Impact on training, recruitment, gender dimension, internationalization activities
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 The project has had a significant impact in training 
a new generation of scientists

 PhD completed: 3 (2 m, 1 f)
 PhD in progress: 11 in total (6 f, 5 m)
 Master Thesis completed: 1(f)
 Master Thesis in progress: 5 in total (4 f, 1 m)
 Bachelor Thesis completed: 1 (f)
 Gender ratio: 62% (f)

 The project has also had a significant impact in terms of 
human resources recruitment

 1 Project manager and 14 researchers
 Gender ratio: 60% (f)

 It is also remarkable the impact on gender dimension

 Guarantee an equal gender ratio among project 
participants. 
 Initial gender ratio 46% female and after 

recruitment 50% female
 Events to promote gender equality
 Evaluating consumers’ behavior by gender
 Graphic material preparation

 The project has also had a significant impact in terms of capacity 
to access new sources of funding (Funding:  EU and national)
 Horizon Europe: 6
 National: 10
 Cooperations: 6

 The project has also had a significant impact for collaborations
 +16 international collaborations 
 +34 consortium collaborations



The FuturEnzyme dissemination plan 
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 A plan for using, communication and disseminating project information and knowledge (D8.3 at M3; 
Scheme 1), prepared and submitted.



The FuturEnzyme dissemination plan 
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 An Exploitation Plan (D8.6 at M12) prepared and submitted.



The FuturEnzyme data management plan 
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 A Data Management Plan (D8.4 at M4), was prepared and submitted.

 Main repositories/databases for managing FuturEnzyme’s data, metadata and information

 Private area of the project’s website.

 Repository in MareNostrum 5 Supercomputer (BSC). 15 TB of storage. The storage space is granted free of charge offered by the 
European Commission, provided by the EOSC project DICE

 The Zenodo Community FuturEnzyme

https://www.dice-eosc.eu/


The FuturEnzyme data management plan 
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 A Data Management Plan (D8.4 at M4), was prepared and submitted; no update is needed.
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