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VCI Position
PROMOTION OF PILOT AND DEMONSTRATION PLANTS

EXECUTIVE SUMMARY

> The importance of demonstration projects has grown steadily in recent years
due to the increasingly complex tasks of industrial transformation and the increasing
demands placed on products in the chemical and pharmaceutical industries. Jumps
in investment are leading to a "valley of death" for innovation projects.

> The increased importance of pilot and demonstration plants must be reflected in a
significant strengthening of cooperation between all stakeholders along the
entire value chain in key technologies, from basic research to process engineering
and production. To strengthen technology transfer after basic and applied research,
the German innovation system needs a "third pillar" of research funding with
broad support for projects in the pilot and demonstration phases with the aim of
minimising and cushioning the technological and economic risks involved in
establishing new innovative business areas.

> Individual TRL phases must be funded using a coordinated mix of instruments.
Seamless" research funding across all phases is important.

> Even in times of shrinking departmental budgets, the demand that "the cake must
get bigger overall” must be upheld, because technological competition is growing,
the resilience of the industrial and economic system is being challenged, and other
regions of the world are strategically promoting key technologies and their transfer.

> VCI makes recommendations for funding conditions for pilot and demonstration
projects that meet the requirements of stakeholders in cooperation projects. This also
includes exploiting the possibilities of the GBER within the framework of research
programmes.

> VCI also provides recommendations for agile project design and promotion.

> Real-world laboratories/Regulatory Sandboxes are an important transfer
instrument. Real-world laboratory/Regulatory Sandboxes approaches harbour great
development potential for the operation of complex large-scale plants and systems.
An important element is the experimentation clause. Funding instruments such as the
Temporary Crisis and Transition Framework (TCTF) or the Important Projects of
Common Interests (IPCEI) are not suitable funding instruments on their own for the
pilot and demonstration phases at national level and need to be supplemented.

> VCI advocates to ensure that the establishment of test centres at the level of pilot
and demonstration projects is coordinated more closely with the stakeholder
community. Large research institutions in particular should improve their ability to
offer industry effective access to pilot lines or research factories via research
platforms and collaborations in research programmes. VCI makes recommendations
on how to organise these collaborations.
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1. Introduction and background

Through its materials, substances, methods, production processes and products, the
chemical and pharmaceutical sector is a driving force for innovation in the central, highly
networked industrial value chains in Germany and the world, thus creating the basis for
a successful industry in Germany and for a strong export economy, thereby securing
the technological sovereignty of Germany as a centre of technology and industry. A
bundle of measures to promote research and innovation in key technologies is required
to successfully master the challenges of transformation, the demands of sustainable
economic activity and the increasing geopolitical risks

The recommendations for the promotion of pilot and demonstration plants set out in this
paper are somewhat reflected in two recent expert reports "Towards a European Policy
for Technology Infrastructures" (2022) and "User Needs for Technology Infrastructures"
(2023). The chemical industry shares the challenges and priority areas of action
identified there - including the development of flexible, accessible infrastructure
offerings, greater integration into value chains, more intensive EU-wide cooperation and
adapted financing mechanisms - and is contributing concrete proposals to the European
debate with this paper.

The technological development steps from the laboratory to transfer via pilot and
demonstration plants are particularly important. These development steps are of
particular importance in the transformation process of the chemical industry and during
the necessary developments for the transformation of the industry in general.

As will be shown below, these development phases are still subject to a high
technological risk, but at the same time are already very capital-intensive and therefore
difficult to shoulder by individual companies alone. VCI has drawn up recommendations
on how policy can adequately support these development stages.

2. Pilot and demonstration plants and barriers to

innovation in the "valley of death”

The stages of product and process development in the innovation process can be
divided into basic research (stage 1), feasibility testing (stages 2 - 4), applied or
industrial research (stages 5 - 6), the demonstration phase (stages 7 - 8) and finally the
transfer to industrial production (stage 9) (Fig. 1)
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Fig. 1: lllustration of the innovation process according to Technical Readiness Level (TRL) as defined by the EU
Commission’

1 https://hpupm.upm.edu.my/upload/dokumen/20230131164835Breaking_News_-
_Updated_Resources_about_Research_Grants_Application.pdf
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From TRL 5 onwards, the actual industrial development of a future product or process
begins.? The individual phases and terms of the innovation process with the necessary
instrumental equipment and the associated investments are illustrated in Fig. 2:
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Fig. 2: Explanation of the innovation phases and their technical implementation with tasks and requirements?®

The importance of demonstration projects, realistic technology tests and the testing
of new concepts on relevant scales has grown steadily in recent years due to the
increasingly complex tasks of industrial transformation and the ever-increasing
demands placed on products in the chemical and pharmaceutical industries

In the innovation process, the expenditure and investment requirements increase,
sometimes considerably, with decisive leaps in investment (see Fig. 3) from laboratory
processes to mini, pilot, demonstration and industrial plants; new plant locations may be
required. As a result, many innovations stop at this level; the much-cited "valley of
death" can be located at the jump in the investment curve

Demonstration projects, technology tests and concept trials on an industry-
relevant scale, as well as the associated infrastructure, are absolutely essential
for the transformation of industry. As a rule, these are currently still very
unfavourable economically and are not competitive in Germany. Without support, they
cannot be realised at the location.*

2 This rough categorisation may shift somewhat in individual technology areas; in biotechnology, for
example, piloting is assumed from TRL 4 onwards. In addition, the boundaries between the TRLs are
becoming increasingly flexible because of the innovative modularisation possibilities of chemical-
pharmaceutical production processes. This is not least a reaction to ever shorter product life cycles and
increasing production requirements (fast and customised production of smaller quantities for fast and
flexible further development of (research) materials for new applications).

3Georg A. Buchner, Kai J. Stepputat, Arno W. Zimmermann, Reinhard Schomacker, Specifying
Technology Readiness Levels for the Chemical Industry, Industrial & Engineering Chemistry Research,
2019, 58, 6957; the terms in Fig. 2 and 3 are slightly different: see also FN 5 and Tab. 4 for the
characterisation of TRL in the chemical industry in the Appendix.

4 "There is a constant market failure in innovation", interview with Benjamin Jones, Handelsblatt 15 June
2022 with the conclusion: "Germany should double its research spending.”
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Fig. 3: Development risk and investment requirements in the innovation process, Covestro

Investments in the double-digit million range require considerable coordination within
the companies. The sharp rise in operating costs from the pilot scale upwards must also
be considered here, which entails increased requirements for the design of funding
instruments for research projects in terms of funding periods and OPEX funding (see
below). At the same time, funding is becoming even more difficult, not least in view of
the current tense economic situation of companies. In these areas, support from publicly
funded projects and further investment subsidies are extremely helpful and necessary.
In the opinion of VCI, the increased importance of pilot and demonstration projects
must be reflected in a significant increase in the promotion of cooperation between
all stakeholders along the entire value chain in key technologies, from basic
research to process engineering and production.

Added to this is the currently low proportion of state funding in research projects
involving industry in the field of key technologies compared to previous decades and in
international competition. VCI has already shown that, although the amount of
government R&D funding has increased overall, the funding of projects involving
industry has developed in a more restrained way, and that in many fields of technology
which are important for key value chains in German industry, the amount of funding for
industry has actually fallen in recent years, even in times of growing federal
departmental budgets.® Even in times when departmental budgets are tending to shrink
- against the backdrop of technological competition and the measures taken by other
regions of the world as well as the demands on technological sovereignty and the
resilience of the industrial and economic system - the demand that "the cake must
get bigger overall” must be upheld.

3. Strengthening technology transfer

Genuine innovative breakthroughs ("technology push") can only be achieved if
companies bear the risks of ambitious research and development projects and can also
finance longer-term and high-risk research projects. In order to strengthen technology
transfer after basic and applied research, the German innovation system needs a "third
pillar" of research funding with broad support for projects in the pilot and
demonstration phases in order to minimise and cushion the technological and economic
risks involved in establishing new innovative business areas.

5 Financing of research and development, VCI, June 2022; share of expenditure using the example of
BMBF funding: Overall, 3 to 3.5% of BMBF expenditure on science and research goes to industry
(exception 2020, here it was 6% due to increased funding for health research)
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A coordinated mix of instruments must be used to promote individual TRL
phases. For example, financing the pilot and demonstration phases requires not only
research funding via cooperation projects, but also improved access to venture capital
and better amortisation options via targeted changes to tax law. This applies particularly
to start-ups in the fields of chemistry, materials technology, pharmaceuticals and
biotech, which have high capital requirements over long development periods,
especially in the decisive growth phase and scaling up to an industrial scale. Co-
operation projects with a scope ranging from basic research and process
development to demonstrators and pilot lines must be further strengthened

In addition, investments and support, e.g. through research funding, are not enough to
promote the construction and commissioning, but must be followed by a period of
several years in some cases in order to be able to carry out the transfer to TRL 9 with
an acceptable level of risk.® For the companies, a long and expensive maintenance of
such industry-related research and technology infrastructures is necessary, which
should also be funded via the research programmes within the framework of what is
possible under state aid law. In addition, it would be an incentive if, as is standard in EU
projects, the coordination costs - not just the purely administrative management of the
projects - were also subsidised.

The obvious first step is to refer to funding instruments such as the Temporary Crisis
and Transition Framework (TCTF) or the Important Projects of Common European

Interests (IPCEI) as funding options for pilot and demonstration plants. However, due
to their structures, these are generally not suitable funding instruments’.

As manufacturers of end products and basic products, the chemical and pharmaceutical
industries have the crucial process expertise to generate innovations, i.e. to scale up
and implement the transition from research to industrial scale. In doing so, it is important
to integrate new value chains. In the chemical and pharmaceutical industries in
particular, the first pilot plant is usually built at a research location, followed by the
first production plant, which can be the crystallisation point for further value creation.
This emphasises the importance of the interplay between production and research for
innovation in Germany and Europe.?

"Disclaimer:

For an industry such as chemistry, materials technology, pharmaceuticals and biotech,
which are closely linked to scientific principles, it is crucial that the innovation pipeline
remains full. This means that research programmes must continue to include basic
research projects at lower technology readiness levels (TRL).

8 When upscaling continuously operated systems for large-volume processes to TRL 7 - 8, longer periods
of time are required to demonstrate their applicability.

7Georg A. Buchner, Kai J. Stepputat, Arno W. Zimmermann, Reinhard Schomacker, Specifying
Technology Readiness Levels for the Chemical Industry, Industrial & Engineering Chemistry Research,
2019, 58, 6957; page 27 Table 2

8 The loss of industrial value creation is likely to result in irreversible structural shifts in deeply embedded
value chains, with the risk of negative feedback effects and the loss of larger shares of value creation in
industrial sectors that are initially only indirectly affected. A separation of production and research
(relocation of energy-intensive basic material production) is also likely to lead to partial relocation of
research content and research expertise abroad for all companies, regardless of their position in the
value chain.
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4. Examples of fields of application

Table 1: Examples of technology development

> Example "Scaling of biotechnological processes":
Biotechnological processes for the production of chemicals from renewable raw
materials are currently the subject of intensive research. In particular, there is
growing interest in producing large-volume products through fermentation, as these
can make a significant contribution to reducing greenhouse gas emissions.
However, many of the projects fail, particularly in the phase between TRL 5 - 6
and TRL 8 - 9, due to acute funding problems. The time span from the
development of a fermentation process in the laboratory to the commissioning of a
large production plant is long and often requires development costs and
investments in the two to three-digit million range. Many small and large
companies cannot bear this extremely high entrepreneurial risk on their own. The
expensive investments in production plants lead to high manufacturing costs for
products made from renewable raw materials and make them less competitive in
comparison with long-established petrochemical processes from depreciated plants
or with subsidised products from the Far East.

> Example "Development of chemical recycling processes":
The technologies for practically all plastics recycling projects are known. However,
not all chemical recycling processes have been optimised or developed on a full
scale. This means that many process options for recycling are not economical
under the current framework conditions, even if they should have a smaller
ecological footprint, e.g. for non-sorted and clean material flows. This means that
TRL 3 projects and larger projects for composite materials that are difficult to
separate and for mixed and contaminated waste streams that make mechanical
recycling processes more difficult are of particular interest. In this context, the
inclusion of infrastructures with their very different collection systems is essential to
create the framework conditions for players in industry and business in Germany to
invest in the construction of CR plants on an industrial scale. The establishment of
demonstration plants is necessary for the development of interface competences
across the "waste chain" and across industry boundaries.

5. Requirements for funding TRL 5-7 & cross-TRL
projects

Against the backdrop of the current discussion about the German federal budget and
the financing of political measures, it should be pointed out once again that funding
programmes and individual funding projects must be adequately financed as a
basic prerequisite and under long-term stable and reliable framework conditions.
Underfunded projects are not effective and lead to low industry participation in research
programmes, as well as to considerable uncertainty and delays in the implementation of
R&D projects. Interruptions and suspension of programmes lead to serious damage to
the innovation ecosystem even in the short term.

As outlined above, companies need seamless research support and funding for
R&D, from laboratory investments to pilot and demo plants to first-of-its-kind production
facilities to overcome technological and socio-economic challenges. In fact, there are
gaps in the innovation ecosystem in development stages TRL 5-7.

VCI recommends optimising the funding framework for pilot and demonstration
projects as follows:
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> For a promising further development of the joint projects within the framework of
individual subject areas across the federal ministries, continuous funding from
basic chemical research through process development to the demonstrator
and pilot lines should be realised with the help of the establishment of a further
funding line. This avoids gaps during the project. The aim is to derive an overall
picture for fields of application for technology; in this way, research tenders and, if
necessary, individual projects can be effectively supported.

> Open-technology funding approaches are essential to allow a variety of solutions
and a high diversity of participants in the innovation process.

> As part of the individual funding programmes, additional budgets are to be provided
for the funding of development stages TRL 5-7 in the pilot and demonstration phase.
The research programmes must provide for projects with successive project stages
("follow-up projects", i.e. value chain sections that build on the content of the
preliminary project or follow on from it at TRL level). It must be possible to apply for
follow-up projects during the term of funding projects < TRL 5. An integrated project
structure allows the speed of innovation to be adapted to the requirements of
international industrial competition (shortening the "time-to-market").

The funding conditions for pilot and demonstration projects must become more
customised

> The basic prerequisite is an adequate project size and a programme funding
budget that meets the requirements of large projects.

> The level of funding quotas is decisive for the meaningfulness of company
participation, especially at higher levels of innovation (TRL), as shown above by the
increased requirements for the financing of pilot plants. The level of funding quotas is
specified by the GBER. From the VClI's point of view, it is very important that the
possible funding quotas of the GBER are utilised within the framework of the funding
programmes. The funding rates should be on the funding rates applicable to basic
research; the VCI| recommends that these should ideally not fall below 50 % in view
of the high investments and the high investment risk.

> VCI also recommends a 40 % investment (CAPEX) subsidy as well as a subsidy
for operating costs (OPEX) for pilot and demo-scale projects. In the case of CAPEX
funding, the direct investments should be made according to the "invoice of the plant
manufacturer" (or analogous internal expenses), i.e. it should be possible to claim the
full amount in the current project (instead of selected depreciation periods), so that
the companies have sufficient financial resources available for further investments.
The allocation of funding to CAPEX and OPEX should be flexibly adaptable to the
respective investment project to optimally support the transfer process.

> In addition, improved access to venture capital needed, as well as new and
improved investment subsidies and depreciation options

As Table 2 shows, current research programmes and calls for proposals have already
made use of opportunities to adapt the funding conditions to the requirements of
(industrial) stakeholders:
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Table 2: Examples of stakeholder-appropriate funding conditions

> BMBF announcements on "r+impuls" for the upscaling & piloting of production
processes successfully developed in the BMBF "MatRessource" programme.

> Funding programmes of the federal states such as the "BayBiodkonomie-Scale-Up
Programme" with up to 40% funding.

> Itis not yet possible to make a sufficiently reliable assessment of the new "Federal
Funding for Industry and Climate Protection (BIK)" programme. The potential BIK
funds appear to be suitable for large pilot plants (up to € 35 million). However, only
COgzsavings in Scope 1 and 2 are relevant, which excludes projects that generate
COgzsavings for other industrial sectors and that are typical of the chemical industry
from the outset.

> TRL7-8 Funding in CBE-JU for FOIK "Flagship" projects with a funding rate of 60%
with included investment funding; however, the programme and calls for proposals
are thematically strongly restricted to bio-based technologies, processes and
solutions.

> European investment promotion instruments such as the Temporary Crisis and
Transition Framework (TCTF) or the Important Projects of Common European
Interest (IPCEI) funding instrument (see appendix) also show that the framework
conditions in terms of funding rates, OPEX funding and CAPEX amortisation can
certainly be adapted to the requirements of industry, among others

The funding structures must be organised more effectively

The opportunities for companies and their industrial and scientific partners to participate
in the design of effective funding structures must be improved.® Agile project
organisation and funding should the basic principle for funding cooperation projects
on a pilot and demonstration scale.'® For companies in the chemical, pharmaceutical
and biotech industries, a high speed of implementation and the ability to plan R&D
projects is an indispensable prerequisite for investment and successful action in R&D
transfer.’

VCI recommends agqile project design and project funding:

> Pilot and demonstration-scale projects should be given the opportunity to organise
the project duration as flexibly as possible. Although the project duration in project
management is planned in advance according to the possibilities, experience has
shown that it often changes slightly or even more during the technical implementation
process, i.e. it is shortened or extended. From the companies' point of view, it is
important to have an interactive process between project partners and project
organisers that allows the funding conditions to be optimally adjusted to the funding
requirements in a timely manner

9 Structural proposals for the design of the BMBF's materials research programme, SusChem D
(DECHEMA/ GDCh/ VCI), April 2024

10 Real-world laboratory "Agile funding processes" - experimental spaces for funding projects, VCI, June
2022

" The granting of approval notices for research projects is currently delayed, in some cases significantly,
for budgetary reasons and due to the unpredictability of the revenue situation.
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As part of the project reporting process, it should also be possible to present
preliminary results and continue the project via partial acceptances or change
requests

> From the VClI's point of view, flexibility should be created in the budget (particularly
in the case of lengthy authorisation processes). Currently, detailed calculations must
be submitted for investments that sometimes exceed the limits of what is possible
(due to varying market prices, pending plant design); an approximation via flat rates
or simplified calculations should be possible here.

> On request, it should be possible to issue a non-binding letter of intent (UIA) for the
early start of a project. It should also be possible for universities and non-university
research institutions as partners of industrial companies in cooperation projects to
start early

Regulatory framework conditions: Implementing real-world
laboratories/regulatory sandboxes & accelerating authorisations

As mentioned above, Germany needs fully closed process chains in the chemical
industry and their effective connection to the central industrial value chains. The
elimination of the first process stages harbours the risk of the elimination of subsequent
processing stages with high added value in the national economy. Research
cooperation and effective research transfer for innovative materials and processes in
chemistry and pharmaceuticals counteract the impending separation of production
and research and thus increase the resilience of Germany as an industrial location.
Real-world laboratories/regulatory sandboxes are an important transfer instrument
in this process.'? Real-world laboratory/regulatory sandboxes approaches harbour
great development potential for the German (chemical) industry as a provider of
expertise for the development and operation of complex large-scale plants and systems.
An important element of the real-world laboratory concept is the experimentation clause,
which is intended to define regulatory adjustments during the project phase:

> Any regulatory obstacles must be identified before the start of a project and
suspended for the duration of the project, for example by defining experimentation
clauses.

> The options for adapting the regulatory framework after project completion, i.e.
for the continuation and continued operation of the projects beyond the actual project
phase, must already be identified during project preparation and in the project. One
possible outcome is recommendations for the necessary adaptation of the regulatory
framework

This is not only important for the use of known processes and procedures, but also for
authorisation procedures for procedure and process modules that are used by several
companies.

For the construction of pilot and demonstration-scale research facilities, it is also

necessary to reduce the complexity of authorisation procedures:

> Simplified effective procedures for research and demonstration facilities,
accelerated and digitalised as well as non-formal approval procedures are needed,
which consider the adaptation of existing possibilities in approval law to the

12V/CI position on real-world laboratories for the energy transition and the need for experimentation
clauses, comments on the BMWi's concept for a real-world laboratory law , Feb. 2022
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requirements of R&D productions.3.14

6. Need for test centres

VCI advocates to ensure that the establishment of test centres at the level of pilot and
demonstration projects is coordinated more closely with the stakeholder community. In
many cases, the existing pilot lines or research factories lack industry-relevant projects
due to insufficient coordination with potential users from industry. In the productive
environment, direct cooperation with research stakeholders continues to be a priority for
industry, as this is where the path to innovative value creation is considered to be the
shortest.

Large research institutions in particular should therefore improve their ability to offer
industry effective access to pilot lines or research factories via research platforms
and collaborations via research programmes. Low thresholds and practicability are also
basic conditions for cooperation here.

Provided that potential projects have been sufficiently discussed with industry in
advance, pilot lines and research factories at research institutions can have a relevant
significance for industry. The projects should make it possible to accelerate innovative
process and product developments with regard to scaling, efficiency, safety, product
quality and cost-effectiveness and to mature them for industrial use. If these basic
conditions are met, the following recommendations should be considered.
recommendations should be considered:

> Support should be provided through funding measures for cooperation
projects and various measures to promote investment. To support the transformation
of the chemical industry, the consistent expansion and sustained maintenance of
such industry-related research infrastructures is central and can have a major
leverage effect. Initiators should be both the federal ministries and the state
ministries.

> The test centres should be located according to content and logistical requirements:
in industrial parks, on university campuses or at non-university research institutions,
provided they already have the necessary infrastructure. It is important to involve
stakeholders broadly and comprehensively in the design of any test centres.

> New concepts for the creation of innovation ecosystems such as decentralised and
modular production units, TRL hubs, circularity hubs for circular production processes
and concepts for the creation of transformation partnerships at chemical industry
sites ("joint plants™) must be further developed in close coordination between the
industry stakeholders involved to establish accelerated technology maturity and
scaling of process and product developments.

The proposed measures and recommendations are not only aimed at improving the
national funding landscape but should also be seen as a contribution to European
strategy development. The positions of the VCI are highly compatible with the current
lines of discussion within the European Commission, particularly in the context of the
planned strategy for research and technology infrastructures. The aim must be to
strengthen the competitiveness and innovative capacity of European industry
through coherent, cross-border infrastructures. In this context, the VCI position
paper is intended as an industrial policy basis for the practical implementation of
European infrastructure strategies that systematically take sector-specific

13 See also discussion paper Requirements of research and development projects for modern
authorisation procedures, VCI, July 2022

4 VCI recommendations on authorisations and innovations - VCI solutions for scaling R&D facilities,
modular plants and small-scale production, June 2023
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requirements - such as those of the chemical industry - into account.

Contact:
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> New concepts Identification no. in the EU Transparency Register: 15423437054-40

> The VCl is registered with registration no. R000476 in the Lobbying Register for the
Representation of Special Interests vis-a-vis the German Bundestag and the Federal
Government.

The VCI and its sector associations represent the interests of around 2,300 companies from the
chemical-pharmaceutical industry and areas related to chemistry vis-a-vis politicians, public
authorities, other industries, science and media. In 2023, the VCI member companies realised
sales of ca. 245 billion euros and employed over 560,000 staff.
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