- December 2025

Policy Brietf

Regulatory Barriers and Recommendation for

Enzymes and Microbial Hosts in Industrial
Biotechnology

Executive Summary

Industrial biotechnology is a key enabler of the EU’s climate-neutral and circular economy
objectives, with enzymes and microbial production hosts playing a central role in enabling
sustainable, low-carbon industrial processes. These technologies support multiple strategic
value chains and are essential to the successful implementation of the European Green Deal
and the Clean Industrial Deal.

However, their industrial deployment is hindered by a fragmented and insufficiently
adapted regulatory framework. The current EU GM legislation, largely developed with a
focus on plants, does not adequately reflect the specific characteristics and contained use
conditions of microorganisms, leading to regulatory uncertainty, administrative burden,
and delays in scale-up and investment. In addition, the lack of a harmonised EU-wide
framework for industrial enzymes undermines the Single Market and disproportionately
affects innovative SMEs.

This policy brief highlights the need for targeted regulatory adjustments, including clearer
differentiation for microorganisms used under strict containment, greater harmonisation of
enzyme authorisation procedures, and the development of a proportionate, microorganism-
adapted regulatory framework. These measures are essential to unlock the full potential of
industrial biotechnology in support of the EU’s net-zero and industrial competitiveness
goals.

1) The Imperative of the Ecological Transition and the Role of
Industrial Biotechnology
The European Union has long recognised that the transition from a linear economic model

to a circular economy is a necessary condition for achieving climate neutrality by 2050.
Closing material and energy loops requires the valorisation of by-products, the efficient

management of waste streams and biomass, and the reintegration of bio-based materials
into the biosphere.




Within this context, the bioeconomy, and industrial biotechnology in particular, plays a
central enabling role. Bio-based production routes allow the decoupling of economic growth
from fossil resource use, while supporting the EU’s objectives on decarbonisation, resource
efficiency, and industrial competitiveness.

The European Commission’s Green Deal Industrial Plan and the Clean Industrial Deal
explicitly stress the need to translate innovation into large-scale industrial deployment.
However, this ambition cannot be fulfilled without addressing the regulatory and systemic
barriers that currently constrain biofabrication and the scale-up of advanced biocatalysts.

2) Industrial Enzymes and Microbial Hosts as Enabling Technologies

Industrial enzymes are a cornerstone of modern biotechnology. By catalysing highly specific
reactions under mild conditions, enzymes enable production processes that are more
energy-efficient, less polluting, and inherently aligned with circular economy principles.
Enzyme-based processes can replace conventional chemical routes that rely on high
temperatures, high pressures, and hazardous reagents, thereby contributing directly to the
objectives of the European Green Deal.

Advanced enzymatic technologies rely on optimised microbial production systems. In
industrial biotechnology, enzymes such as the ones that are being developed in the
ROBUSTOO project: laccases, unspecific peroxygenases (UPOs), and
hydroxymethylfurfural oxidases (HMFOSs), are typically produced using tailored
microbial hosts, often genetically modified microorganisms (GMMs), operating under
strictly contained conditions.

These specific enzymes, for example, respectively enable applications across multiple
strategic value chains, including the production of bio-based chemicals, building blocks and
polymers from different components of plant biomass:

LACCASES UPOs HMFOs

the valorisation of the selective synthesis of
industrial lignin into lipophilic fine chemical
wood panel adhesives products that are difficult

the production of key
sugar-derived building
blocks for sustainable

and 3D printing additives or inefficient to produce
via conventional
chemistry

polymers and materials




3) Economic and Strategic Relevance of the Biotechnology Sector

The European biotechnology sector is both
a sustainability driver and a highly
productive industrial ecosystem. It Gross Value Added (GVA)
generates significantly higher gross per employee
value added per employee than the EU
economy average, reflecting its strong
innovation capacity and knowledge
intensity.

It’s an indicator of labour
productivity. It measures the
average economic value

generated by each worker,

Industrial ~ biotechnology  therefore calculated as the value of output
represents a strategic asset not only for minus intermediate
Europe’s sustainability ambitions, but also consumption, divided by the

for the EU economy. However, regulatory number of employees.
uncertainty and  complexity  risk
undermining Europe’s attractiveness for
investment and slow down the transition
from laboratory-scale innovation to
industrial-scale production!.

Healthcare biotechnology | 170,200 €
Total biotechnology [N 154,500 €

Financial and insurance activities 118,800 €
Industrial biotechnology [ INNENGGNNEEEGEEEE 103,400 €

Information and communication 102,100 €
Manufacturing 68,800 €
Total economy 59,500 €

Trade, transport, accomodation 45,600 €

Agricultural biotechnology 30,500 €
Agriculture, forestry and fishing 22900 €

Fig. 1 Labour productivity in the EU28, 2018, GVA per person employed. Source: WifOR Institute, Measuring the
economic footprint of the biotechnology industry in Europe, 2020.



4) Problem Analysis: Regulatory Barriers to Enzyme-Based
Industrial Biotechnology

Despite their clear environmental and economic benefits, industrial enzymes and their
microbial production hosts face a fragmented and complex regulatory landscape. The key
challenge is not the presence of regulation per se, but the lack of proportionality, clarity, and
harmonisation across regulatory frameworks.

Biotechnologies are impacted by multiple legislative domains, ranging from chemical safety
and food law to environmental and occupational safety, across different levels of
governance. This fragmentation creates legal uncertainty, increases administrative burden,
and slows down innovation cycles.

Furthermore, the current EU GM regulatory framework, originally developed in the late
1980s and only marginally revised since then, was largely conceived around genetically
modified plants. Consequently, it does not adequately reflect the specific characteristics and
use conditions of microorganisms, particularly when they are deployed in a live form as
products or as part of production systems?2.

4.1 Over-Regulation of Recombinant Microbial Production

The large-scale production of industrial enzymes relies on optimised microbial hosts,
frequently classified as genetically modified microorganisms. The contained use of such
organisms is regulated under Directive 2009/41/EC3.

In practice, authorisation procedures for industrial GMMs used under strict containment
are often perceived as slow, complex, and insufficiently differentiated from procedures
designed for deliberate environmental release. This lack of differentiation leads to:

Prolonged approval Increased compliance
timelines costs
Delays in strain optimisation and
scale-up

As a result, innovation in enzyme-producing strains is slowed, even when no realistic
environmental exposure pathway exists.



4.2 Fragmentation of the Enzyme Regulatory Landscape

A further barrier to market uptake is the absence of a harmonised EU-wide framework for
enzymes used as industrial processing aids. Companies are often required to navigate
national authorisation systems, leading to duplication of assessments and significant
administrative and financial burdens.

This fragmented approach is misaligned with the objective of a functioning Single Market
and disproportionately affects small and medium-sized enterprises, which are key drivers of
innovation in industrial biotechnology.

4.3 Systemic Effects on Scale-Up and Investment

Regulatory uncertainty amplifies the so-called “scale-up gap” in industrial biotechnology.
Even where EU funding instruments support early-stage research and development, unclear
or lengthy regulatory pathways discourage private investment in pilot, demonstration, and
first-of-a-kind industrial facilities.

The cumulative effect is a slowdown in the translation of European scientific excellence into
industrial leadership, with potential long-term consequences for competitiveness and
strategic autonomy.

5) Policy Relevance and Alignment with EU Priorities
The regulatory challenges identified in this brief directly affect the EU’s ability to deliver on
key policy initiatives, including;:

o the European Green Deal4 and its decarbonisation objectives

o the Clean Industrial Deal5 and the Net-Zero Industry Act®

o the future development of an EU Biotech Act.

Without targeted regulatory adjustments, current policy ambitions risk being undermined
by barriers that delay or prevent the industrial deployment of sustainable biotechnological
solutions.

6) Preliminary Strategic Recommendations

Based on the analysis above, this policy brief advances the following preliminary
recommendations.

a. Harmonisation of safety assessments and authorisation procedures for industrial
enzymes, including those produced using confined Type 1 GMMs. A centralised or
mutually recognised approval process would reduce fragmentation and facilitate
market access across Member States.
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Fast-track regulatory pathways for sustainable bioprocesses would further support
innovation and industrial deployment.

b. Develop a regulatory framework specifically adapted to microorganisms, taking into
account the substantial biological differences between plants and microorganisms, as
well as their distinct applications and sectors of use, and ensuring a holistic and
proportionate approach to their regulation.

c. Keep providing financial incentives for enzyme-based biomanufacturing under new
funding calls and support the establishment of EU-wide enzyme innovation hubs and

clusters to foster research collaboration.
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