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FOREWORD

2021 was a significant year for 
the hydrogen community and the 
continuation of the partnership. 
It was marked with substantial 
efforts in order to finalise the 
transition to a new ambitious 
policy programme. Hydrogen 
will be at the forefront of this 
new era as the European Union 
strives to transform itself into a 
modern, resource-efficient and 
competitive economy.

All these efforts culminated in November 2021, when the Council and the 
Parliament adopted the regulation establishing the Clean Hydrogen Joint 
Undertaking (JU). The JU will have the leading role in research activities related to 
hydrogen, collaborating closely with most of the end use European partnerships 
on hydrogen applications in the relevant sectors. Its focus will be different from 
that of the Fuel Cells and Hydrogen 2 JU, shifting to areas related primarily to 
the production of clean hydrogen, as well as the distribution, storage and end 
use applications of low-carbon hydrogen in hard-to-abate sectors.

The current report does not only cover the hard work to shape the future path but 
primarily details the main developments of the JU programme in 2021, major 
technological developments, insight into participations, statistics, our output 
and impact, important information on outreach, and details of programme 
execution and management of the programme office.

You will read about how the JU supported the demonstration of 1 064 fuel cell 
electric vehicles, with overall positive user satisfaction in terms of performance 
and refuelling times. Some 350 fuel cell buses for which the purchase prices and 
running costs have already reached programme targets operate successfully 
in European streets. The fleet is supported by an expanded network of 113 
hydrogen refuelling stations, directly financed by the programme.

You will also notice the significant achievements in the energy sector, with 
1  900 fuel cell micro-combined heat and power units deployed in domestic 
and commercial buildings, indicating the maturity of technology. Electrolysers’ 
capacity has already reached the multi-MW scale and their use in large 
demonstration projects helps in bringing hydrogen to the centre of EU energy 
policy as a key enabler of sectoral integration.

The above are perfectly combined in three European territories that already 
benefit from an integrated system approach that includes hydrogen production, 
and are searching for storage and distribution solutions.
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Among the highlights of the year was the second European Hydrogen Week, 
which marked the public launch of the Clean Hydrogen Partnership in the 
presence of the President of the European Commission, Ursula von der Leyen.

With 288 projects, a combined public–private investment of over EUR 2.2 billion 
has been realised since 2008. The COVID-19 pandemic has had an impact on 
current projects but we have been able to adjust grant agreements wherever 
possible in order to address the consequences and to enable projects to remain 
on track to achieve their objectives.

In 2021, the JU maintained its excellent budget execution rates. Combined with 
the outstanding leverage effects, it demonstrates that it continues to provide an 
excellent example of a mature, sound and well-controlled environment.

The Fuel Cells and Hydrogen 2 JU engaged 778 participants (unique beneficiaries) 
from 43 countries, of which 23  % are small and medium-sized enterprises, 
showcasing the attractiveness of the programme. This success has been 
achieved thanks to the hard work and dedication of many people, passionate 
about tackling climate change by using hydrogen and fuel cell technology, such 
as colleagues in the European Commission, the Governing Board, the States 
Representative Group, the Scientific Committee and the many stakeholders who 
give their valuable inputs on our plans and activities.

Finally, I would like to thank my entire team in the Programme Office, who, every 
day in these difficult times, give the best of themselves to serve the interests of 
European citizens.

Enjoy the read!

Bart BIEBUYCK

Clean Hydrogen JU Executive Director
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Leverage effect in Horizon 2020 programme

A key objective and measure of the JUs’ success is 
their capacity to leverage private funding.

The Council regulation establishing the FCH 2 JU (10) 
explicitly mentions the minimum target leverage 
effect over the whole 2014–2020 period as 0.57 (11).

(10)	 Council Regulation (EU) No 559/2014 of 6 May 2014 
establishing the Fuel Cells and Hydrogen 2 Joint 
Undertaking (OJ L 169, 7 June 2014, p. 108).

(11)	 Total minimum contribution from members other than the 
EU (EUR 380 million) divided by the total EU contribution 
(EUR 665 million).

By the end of 2021, under the H2020 programme, 
the JU had supported 134 projects for a combined 
public–private investment close to EUR  1.2  billion 
(Figure 1.1) (12).

(12)	 Committed European Commission contribution together 
with committed private contributions (members and non-
members) in the overall portfolio of 134 signed projects for 
the H2020 programme in the FCH 2 JU of EUR 1.180 billion.

Figure 1.1: Total committed private and public investment of EUR 1.2 billion in JU actions 
over 2014–2020 (million EUR) – FCH 2 JU grants

2014 2015 2016 2017 2018 2019 2020
0

50

100

150

200

250

127.31

227.25

175.76

231.65

124.33
154.64 139.35

In addition, in 2021, industry and research members 
made in-kind contributions in additional activities 
(IKAA) to the value of EUR  1.04  billion (covering 
2014–2020). Owing to this high amount of certified 
IKAA, no new IKAA plan was adopted for 2021 under 
H2020.

This demonstrates the huge success of the 
H2020 programme in the sector and a continuous 
willingness to invest and grow.

By combining committed EU and private funds 
in the JU actions with the amount of the certified 
additional activities for 2014–2020, at the end of 2021 
a total EUR 2.22 billion programme can be observed 
(Figure 1.2).

Figure 1.2: EU/private investments in JU actions compared with IKAA, 2014–2021 
(billion EUR)
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Values of leverage effect for the calls concluded by 
December 2021

Figure 1.3: Total committed private and public investment in JU, 2014–2021 
(committed  private funding in all signed FCH  2 JU actions and certified additional 
activities; million EUR)
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This overall level of the leveraged funding 
(Figure  1.3) clearly demonstrates a huge 
commitment on the part of the private sector, 
significantly exceeding the targets set in the  
FCH 2 JU Council regulation.

Leverage effect in Horizon Europe 
programme

The new Council regulation  (13) is based on the 
principles and criteria set out in the Horizon Europe 
regulation (14), including openness and transparency, 
a strong leverage effect and long‑term commitments 
by all the parties involved.

According to the new Council regulation (Article 171), 
the JUs must organise the continuous monitoring and 
reporting of the management and implementation 
of their activities and periodic reviews of the outputs, 
results and impacts of the funded indirect actions 
implemented in accordance with Article  50 of and 
Annex  III to the Horizon Europe regulation. That 
monitoring and reporting is to include (among other 
things) information on quantitative and qualitative 
leverage effects, including on financial and in-kind 
contributions committed and actually provided, 
visibility and positioning in the international context, 
and the impact of private sector investments on 
R&I-related risks.

(13)	 Council Regulation (EU) 2021/2085.
(14)	 Regulation (EU) 2021/695 of the European Parliament and 

of the Council of 28 April 2021 establishing Horizon Europe 
– the Framework Programme for Research and Innovation, 
laying down its rules for participation and dissemination, 
and repealing Regulations (EU) No 1290/2013 and (EU) 
No 1291/2013 (OJ L 170, 12 May 2021).

Annex III to the Horizon Europe regulation requires 
that the financial or in-kind contributions from 
members other than the Union should be at least 
equal to 50  % and may reach up to 75  % of the 
aggregate JU budgetary commitments.

The Union should be in a position to reduce its 
contribution if members other than the Union fail to 
fulfil their commitments.

For the Clean Hydrogen JU, specific leverage targets 
have been defined as follows.

•	 Union financial contribution (Article 76): 
‘The Union financial contribution to 
the Clean Hydrogen Joint Undertaking, 
including EEA appropriations, to cover 
administrative and operational costs shall 
be up to EUR 1 000 000 000, including up to 
EUR 30 193 000 for administrative costs.’

•	 Contributions from members other than 
the Union (Article 77): ‘The members of the 
Clean Hydrogen Joint Undertaking other than 
the Union shall make or arrange for their 
constituent or affiliated entities to make a total 
contribution of at least EUR 1 000 000 000, 
including up to EUR 30 193 000 for 
administrative costs, over the period [ending 
31 December 2031].

More details on in-kind contributions for additional 
activities can be found in Section 1.7.
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Risk assessment in 2021

Risk management is a crucial part of the strategic 
decision-making process. Robust risk management 
frameworks help to ensure that taxpayers’ money is 
used effectively and efficiently, that potential risks to 
achieving objectives are identified in a timely fashion 
and that appropriate mitigating action is taken.

All members of staff, regardless of their level, share 
responsibility for risk management. The Executive 
Director is accountable to the GB and is ultimately 
responsible for the management of the JU’s activities 
and achievement of objectives, and must ensure that 
the JU’s critical risks are known and appropriately 
managed.

Relationship with the internal control 
framework

On 16  August 2018, the JU GB adopted a new 
internal control framework (ICF) stemming from 
the most up-to-date internationally acknowledged 
Committee of Sponsoring Organizations of the 
Treadway Commission model of internal control, in 
line with the European Commission’s ICF.

Risk assessment is one of the five key ICF 
components and consists of four principles, Nos 6–9 
(Table 1.1).

Table 1.1: ICF components and principles  – risk 
assessment

6.	 The organisation specifies objectives with 
sufficient clarity to enable the identification and 
assessment of risks relating to objectives.

7.	 The organisation identifies risks to the 
achievement of objectives across the entity and 
analyses the risks as a basis for determining 
how the risks should be managed.

8.	 The organisation considers the potential for 
fraud in assessing risks to the achievement of 
objectives.

9.	 The organisation identifies and assesses 
changes that could significantly impact the 
system of internal control.

Risk identification and assessment

In November 2021 an annual risk assessment 
exercise was conducted for the purpose of 
identifying, analysing and responding to key risks 
(including fraud risks) across all of the areas of 
responsibility of the JU programme offices (POs), 
for the purposes of establishing the first version 
of the 2022 annual work programme, related to 
continuation of the JU activities under the new Clean 
Hydrogen partnership.

The risk identification started with the assessment 
of the relevance of the risks identified in the previous 
risk-assessment exercises and continued with the 
identification of any new relevant risks (related to 
continuation of the JU operations under the Horizon 
Europe programme, including transitional risks).

The aim of this annual exercise was to identify risks 
that could hinder achieving the H2020 objectives, 
including (among others) operational, financial and 
compliance risks.

Owing to the continuation of COVID-19-related 
circumstances, the risk assessment exercise in 
November 2021 also evaluated existing risks and 
action plans related to COVID-19.

During the exercise, the following aspects of all the 
risks presented in AWP 2021 were assessed (in view 
of COVID-19):

•	 Relevance of the risk: Is the risk still present? 
Has it materialised?

•	 Rating the risk: Did the rating (in terms of 
impact/likelihood) increase or decrease?

•	 Relevance and fulfilment of the action plan: 
Should we continue/expand/reduce action 
plans?

In addition to the regular risk assessment exercise, 
a special brainstorming session, taking into 
account input from all members of staff, chaired 
by the Executive Director, was conducted to identify 
any new emerging risks related to transition to the 
new partnership.

Based on the discussions, the risks were either 
removed (when considered no longer relevant) or 
modified, while the action plans were reviewed for 
adequacy and completeness.

Table 1.2 provides a summary of the outcome of the 
exercise on risks and fulfilment of the action plans, 
as at 31 December 2021.
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Table 1.2: Fulfilment of the action plans

RISK 
LEVEL

RISK IDENTIFIED 
(AWP 2021)

ACTION PLAN 
(AWP 2021)

ACTION PLAN – STATUS AS AT 
31 DECEMBER 2021

M
ED

IU
M

Owing to limitation of 
H2020 ex ante controls 
(trust-based approach 
with minimum amount 
of default checks), 
representative error rate 
for FCH 2 JU may increase.

Consequently, there is a 
risk of obtaining a qualified 
opinion and of not getting 
the discharge from the 
European Parliament 
because the Court of 
Auditors’ threshold for a 
residual representative 
error rate stays at the level 
of 2 %.

(NB: H2020 ex ante control 
strategy envisaged level of 
the residual error rate in 
the range between 2 % and 
5 %.)

Annual analytical risk – 
assessment at beneficiary 
level and subsequent 
introduction of the targeted ex 
ante controls for the projects/
beneficiaries with higher 
identified inherent risk.

Application of the feedback 
from ex post audits and 
lessons learned on ex ante 
controls, for instance from 
accompanying auditors on 
missions for FCH audits.

Continuation of interactive 
financial webinars for complex 
projects or where there are 
numerous newcomers in 
the consortia in the first 12 
months of the project duration.

Additional review of potential 
financial risks within FCH 2 JU 
top beneficiaries, followed up 
by bilateral teleconferences.

In 2021, we executed the action 
plan accordingly and results were 
positive. High risk beneficiaries 
were identified based on the 
lessons learned.

Individual bilateral financial 
webinars were set up to prevent 
and detect early any potential 
financial errors.

Impact analysis showed that 
several possible misstatements 
were corrected ex ante and that the 
error rate, especially in the riskiest 
categories of the beneficiaries 
(small and medium-sized 
enterprises, and newcomers) has 
progressively decreased.

Ex ante control strategy for 
Horizon Europe further supports 
a risk-based oriented ex ante 
approach. Many newcomers and 
new beneficiaries are entering our 
programme.

For H2020, the screening will focus 
on the projects from call 2020, 
which will report their costs for the 
first time in 2022.

M
ED

IU
M

Owing to COVID-19, 
the FCH 2 JU is highly 
dependent on safe and 
proper functioning of 
the IT tools and network 
connection to ensure 
business continuity. 
These are becoming 
increasingly vulnerable 
to potential cyberattacks, 
performance inefficiencies 
and connection failures 
due to increased traffic, 
different levels of security 
connection and increased 
levels of pirate attacks and 
phishing.

Unknown weaknesses 
in the systems may pose 
higher risks of failures 
of the operations, and 
they may also create 
opportunities for fraudulent 
behaviour.

Mitigating actions include 
raising staff awareness and 
mechanisms to prevent 
attacks, including:
•	 improved ex ante and ex post 

security systems controls 
against automated attacks;

•	 increased level of controls, 
implemented with the 
Computer Emergency 
Response Team for the EU 
Institutions, bodies and 
agencies;

•	 increased level of security 
and advanced protection 
adopted.

Further training and 
awareness sessions for 
increased security measures 
should be put in place.

In 2021, we continued training 
and awareness sessions on 
cybersecurity, phishing, etc.

The IT systems have been 
continuously updated.

Thanks to numerous actions 
adopted in 2021, we are in a 
position to reduce impact and 
likelihood, therefore reducing 
the residual level of the risk from 
medium to low.
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had a direct impact on the operation of taxi fleets 
(in practice, operating only from January to March 
2020), which is responsible for half the difference 
above (taxis drove 0.7 million km in 2020 instead of 
2.8 million in 2019). The other half is mainly due to 
structural changes in the fleets, whereby a number 

of cars that had driven significant distances in 2019 
(2.5  million  km) were sold in the first half of 2020 
and thus did not report in TRUST. The cumulative 
distance driven is shown in Figure 1.5.

Figure 1.5: Distribution of FCEVs deployed by FCH 2 JU demonstration projects

Note: The 2021 figure is an estimate.
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Fuel cell bus demonstration projects

European demonstration activities have grown 
considerably from earlier projects to the most recent, 
as shown in Figure 1.6. In 2019 and 2020, JU fuel cell 

bus (FCB) demonstration activities concerned the 
projects High V.LO-City, HyTransit, 3EMOTION, JIVE 
and JIVE 2.

Figure 1.6: Trend in FCBs in operation in the EU 

Bus demonstrations supported by JU grants involve 
350 vehicles in 11 countries. 3EMOTION, JIVE and 
JIVE 2 are ongoing and progressing. The European 
flagship projects JIVE and JIVE 2 alone have ordered 

274 buses out of the 310 planned for 22 cities across 
Europe (Figure 1.7), with 80 % in operation at the end 
of 2021. The local fleets range from 5 to 50 FCBs, 
typically 10 to 20.
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Note: The 2021 figure is an estimate.
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Figure 1.8: Distribution of HRSs co-funded by the JU

To date, the JU-funded HRS network for cars covers 
ten countries. In 2020, it delivered 58.8  tonnes 
of hydrogen in 25  060 refuelling operations. This 
amount represents 40  % of the total amount of 
hydrogen used for refuelling since 2016. The average 
HRS availability for cars in 2020 was 90 %. The major 
causes of station downtime are compressor failures 
and scheduled maintenance/upgrades, which 
highlights the need for research and development 
(R & D) in this area, such as the projects COSMHYC 
and COSMHYC XL (described in the next section). 
H2ME reported that with, the increasing number of 
HRSs, chiller cooling hydrogen to the level required 
by the protocol SAE J2601 is also becoming a reason 
for downtime.

Car demonstration projects have reported that 
66  % of dispensed hydrogen was certified as low 
carbon from guarantee of origin (GO) schemes for 
green and low-carbon hydrogen, such as CertifHy 
(see Section  1.2.6). Of this, renewable hydrogen 
accounted for 57  %. The average reported cost 
of renewable hydrogen was EUR  11.31/kg H2,  
which means the related 2020 MAWP target of 
EUR 11/kg H2 was almost achieved. More research is 
needed through the coming years into reducing the 
average capital expenditure (CAPEX) for hydrogen 
stations, which is still more than 50 % higher than 
the expected 2020 MAWP targets.

The JU has also funded the installation of 23 
refuelling stations for buses in 10 European cities, 
16 of which have been demonstrated. The amount 

of hydrogen dispensed between 2016 and 2020 was 
almost 529.8 tonnes, 16 % of which was consumed in 
2020 in 5 917 refuelling operations. Of this dispensed 
amount, 63 % is certified as renewable hydrogen.

Demonstration projects are still suffering from a 
lack of experience among local authorities and the 
absence of standardised processes for reviewing and 
approving HRS permit authorisation. However, with 
the help of such projects (and related awareness), 
difficulties encountered when requesting permits 
for HRSs are declining, with the lead time for 
commissioning an HRS in Germany falling from 24 
to 12 months.

New developments in compression for hydrogen 
refuelling stations

COSMHYC and COSMHYC XL are developing a 
hybrid compression solution (1–1  000  bar) by 
combining a metal hydride compressor and a 
mechanical diaphragm compressor. This new 
design allows a reduction in CAPEX and operational 
expenditure (OPEX), less noise, greater availability 
and therefore better hydrogen delivery efficiency 
in HRSs (COSMHYC) and extra-large HRSs able to 
serve heavy-duty vehicles (COSMHYC XL). H2REF 
developed and tested a novel hydraulic-based 
compression and buffering system, using bladder 
accumulator technology. Both have high potential 
for improving techno-economic parameters for 
hydrogen compression at refuelling stations.

Planned
and

deployed
Deployed

Planned
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Hydrogen storage/tanks  – innovative technologies 
for on-board storage

The objective of this topic is to improve the 
gravimetric and volumetric capacity of hydrogen 
storage tanks on board vehicles by using new 
materials and innovative manufacturing techniques. 
The projects TAHYA and THOR are addressing these 
goals, they are in the early development phase, with 
a TRL range of 4 to 6.

TAHYA aims to develop a complete, competitive 
and innovative European hydrogen storage system. 
The tank is developed and is undergoing design 
qualification tests. Fire tests need completion, as do 
the integration of structural health monitoring and 
the optimisation of the filling nozzle.

THOR develops high-pressure thermoplastic 
composite hydrogen tanks (moving from TRL  4 to 

TRL  6) based on thermo-plastic resins. The tank, 
based on a new design, requires prototype testing. 
The final tank has the potential to be a breakthrough 
technology for hydrogen storage, with reduced 
material use and costs.

Waterborne applications

Hydrogen in the maritime sector is nowadays a topic 
of great interest because of the expected changes 
in emissions regulations in the near term. Fuel 
cells and hydrogen have been demonstrated in 
e.g. submarines, small inland and coastal vessels 
and auxiliary power for supply vessels, proving 
the viability of the technology at small scale. 
Demonstration projects are underway to highlight 
the viability of hydrogen to power ships using FCs 
and modified combustion engines (see Figure 1.9).

Figure 1.9: Maritime projects, evolution of technologies and main challenges

Three projects demonstrating zero-emission FC 
ships and hydrogen in maritime ports started in 
2019–2020, all having common issues in hydrogen 
safety, issuing permits for ships and infrastructure, 
and standards.

FLAGSHIPS will demonstrate two FCH vessels in 
commercial operation: one fluvial cargo vessel 
in France and one fluvial cargo vessel in the 
Netherlands. In addition, FLAGSHIPS will perform 
a techno-economic analysis of European marine 
FC power systems.

The ShipFC project is developing a 2-MW ammonia-
powered FC and will operate a retrofitted offshore 

vessel. ShipFC aims to prove that long-range 
zero‑emission voyages with high power are possible 
on large ships. In addition, the project is providing 
input into alternative shipping fuel life cycle 
assessments (LCAs) and is studying how to set up a 
certification scheme for green ammonia.

H2Ports will demonstrate hydrogen as an alternative 
fuel in maritime ports. It will carry out pilot tests 
in the Port of Valencia, under real operation 
conditions, for a hydrogen-powered reach stacker 
in a port container terminal, a fuel cell yard tractor 
for container transport and ro-ro loading/unloading 
operations, and a mobile hydrogen supply station.

CESNI, Committee for drawing up standards in the 
field of inland navigation; HT, high-temperature; 
IMO, International Maritime Organization; LH2, liquid 
hydrogen; SOFC, solid oxide fuel cell.
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Hydrogen-powered aviation

FLHYSAFE (20) seeks to demonstrate a cost-efficient 
modular FC system for replacing most critical safety 
systems and for an emergency power unit to be 
used on board a commercial aeroplane. The final 
technological demonstration aims to demonstrate 
enhanced safety functionalities and the ability to 
integrate it into current aircraft designs respecting 
both installation volumes and maintenance 
constraints. So far the project has completed the 
design for FC integration into airborne applications, 
as well as the emergency power system architecture 
and a virtual reality tool allowing design optimisation 
and maintenance instructions. FC short stack 
testing (using oxygen instead of air) and start/stop 
cycle stack degradation analysis are in progress.

HEAVEN  (21) focuses on demonstrating the 
airworthiness and economic viability of an FC / liquid 
hydrogen (LH2)-powered four-passenger aircraft 
and gathers reliability data for future certification. 
It produced the conceptual design of the overall 
powertrain by adapting two 45-kW PEM FC systems. 
It also intends to integrate them with optimised 
balance of plant components using cryogenic 
hydrogen storage technology and without using a 
battery. Meeting the main aircraft requirements is 
particularly difficult, as no aviation regulation yet 
exists for LH2. Failure hazard assessment, including 
the identification of hazardous and catastrophic 
events, was also performed.

APU, auxiliary power unit.

(20)	 https://www.fch.europa.eu/page/transport#FLHYSAFE
(21)	 https://www.fch.europa.eu/page/transport#HEAVEN

1.2.1.2.	 Research-oriented activities for 
transport applications

Fuel cell components

Research activities focus on the development of 
novel materials, processes, architectures and 
optimised interfaces. In particular, projects are 
exploring the development of non-platinum group 
metals (PGMs) or low-cost catalysts (PEGASUS (22), 
CRESCENDO (23)).

PEGASUS is working on a promising route towards 
the removal of platinum and other critical raw 
materials from PEM FCs. Their replacement with 
non-critical elements and structures should still 
provide stable electro-catalysis conditions, and 
the development of appropriate uses of platinum-
alternative and competitive cathode catalysts.

CRESCENDO is developing diagnostic methods 
for determining active site density and turnover 
frequency, and is realising successful approaches 
to the stabilisation of non-PGM cathode catalysts 
during operation, as well as advancing research on 
non-PGM and ultra-low-PGM hydrogen oxidation 
catalysts.

(22)	 https://www.fch.europa.eu/page/transport#PEGASUS
(23)	 https://www.fch.europa.eu/page/transport#CRESCENDO

Figure  1.10: Hydrogen potential for use in aviation, taking the steps to  
zero emission aviation
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COVID-19 travel ban, it was not possible to complete 
commissioning within the project’s lifetime (which 
ended in September 2020). The system achieved 
50 % electrical efficiency in the factory acceptance 
test, which exceeded its target (48 %). The lessons 
learned from ClearGenDemo will be taken up by a 
power-to-power project in French Guiana, which is 
being developed by one of the partners, Hydrogène de 
France. ClearGenDemo intends to report on system 
performance once it has been commissioned, even 
if the project has ended.

Demonstrations – off-grid, backup and generator set

This area gathers together three demo projects  – 
Remote, RoRePower and Everywh2ere – focused on 
off-grid applications, both in remote places and in 
temporarily powered event areas.

The Remote project is demonstrating the technical 
and economic feasibility of FC technologies combined 
with renewable energy sources and hydrogen storage 
solutions on island grids or in remote areas. In 
2020, two demonstrations were installed in Norway 
and Greece and are now operational. The third new 
demonstration site will be in the Canary Islands 
(Spain). Detailed engineering and the permit-issuing 
procedures are currently being developed.

A number of MAWP targets have been successfully 
achieved: rated PEM electrolyser efficiency of 
50.5 kWh/kg, rated alkaline electrolyser efficiency of 
50.6 kWh/kg, rated PEM FC efficiency of 45 % lower 
heating value, 15 years lifetime for the FC and 20 
years lifetime for the balance of plant equipment. 
Remote was awarded the title of best renewable 
energy project in the European Sustainable Energy 
Week 2020 Awards in the Innovation section.

In general, project results could be applied in new 
fields where there is a need for storage of local 
renewable energy sources, not only for power 
production but also for hydrogen use in different 
sectors. Grid balancing and the production of 
hydrogen for mobility could be potential fields of 
application.

The aim of the RoRePower project is to further 
develop and demonstrate SOFC systems for off-grid 
power generation in markets, such as gas and oil 
infrastructure, in remote regions with harsh climate 
conditions (from – 40 °C to + 50 °C), and the power 
supply for telecommunication towers, especially 
in emerging countries. Twelve RoRePower units 
have been installed at customer sites. The Sunfire-
remote 400 and 900 units have passed design freeze 
and have been introduced on to the market. The first 
RoRePower unit has been installed for a telecom 
application in Alaska, with the aim of gathering 
reliable field data and demonstrating the technology.

The Everywh2ere project aims to demonstrate 
FC generator sets at TRL 8 to replace diesel-fuelled 
generators for temporary power at construction 
sites, music festivals, exhibition centres, etc. Two 
prototypes (one 25  kW and one 100  kW), together 
with their hydrogen storage bundles, have currently 
been commissioned and started demonstration in 
June 2021.

1.2.1.4.	 Next generation of products – 
energy

Following the calls between 2008 and 2020, the JU 
supported 54 projects with a total JU contribution 
of about EUR 124.9 million plus a contribution from 
partners of EUR 76.7 million.

Figure  1.14 shows the connections between 
partners present in these projects. The size of the 
node (circle) represents the number of projects a 
partner is involved in, while the thickness of the lines 
linking the nodes represents the number of projects 
two partners have in common. For clarity, only the 
partners involved in the largest numbers of projects 
are given. TIM indicates clusters of partners by colour 
using its own algorithm. The figure includes one 
large cluster around the projects dealing with SOFC 
technologies (INSIGHT, Waste2Watts, NewSOC, 
etc.), while the smaller cluster at the bottom of the 
figure contains two PEM FC projects (MAMA-MEA 
and GRASSHOPPER). In this low-TRL research area 
a good mix of private companies, universities and 
research centres are present. VTT is the most active 
participant, followed by CEA and SOLIDpower.
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Figure 1.14: TIM plot showing the participants in all projects related to the next generation 
of products on energy

Manufacturing

Only one project in this area (MAMA-MEA) focuses 
on PEM FC manufacturing; the rest investigate 
SOFC manufacturing options (qSOFC, Cell3Ditor 
and NewSOC). The projects’ overall goal is to enable 
the efficient manufacturing of large volumes of FC 
technologies with improvements on current costs, FC 
performances and environmental impact. Noticeable 
improvements have been achieved by FC products 
developed using innovative manufacturing methods. 
Even though improvements can be detected in many 
KPIs linked to performance and CAPEX, they remain 
a long way from the target values. Cost projections 
(especially for smaller FC applications such as μ-CHP) 
highlight the potential savings offered by scaling up 
manufacturing volumes. The reported rated electrical 
efficiency for SOFC has reached an impressive 
maximum of 74 % at stack level.

MAMA-MEA (finished in 2021) developed an innovative 
additive layer deposition process using a single, 
continuous roll-to-roll MEA manufacturing process for 
the PEM FCs. The first two MEA prototypes have been 
assembled into rainbow stacks and their testing has 
been performed successfully.

Cell3Ditor developed a 3D printing technique for the 
fabrication of SOFCs. A hybrid industrial printing 
machine, now commercially available, is able to print 
complete cells and stacks. The environmental impact 
of the new 3D printing method has been assessed 
through LCA and deemed more favourable than 
conventional SOFC-manufacturing techniques.

NewSOC is aiming to significantly improve the 
performance, durability and cost competitiveness 
of solid oxide cells and stacks compared with the 
current SoA. The project has five industrial partners 
offering SOFC products. It will develop several actions 
aiming to develop innovative architectures based on 
conventional materials. It will also test new materials 
with enhanced performance, and new manufacturing 
processes providing products with excellent durability 
and better environmental performances, using less 
raw materials.

By increasing the automation level of the production 
process, the qSOFC project has significantly driven 
down the production cost of SOFCs for an Elcogen 
SOFC design. A purposely developed new automated 
machine vision inspection system was used to 
improve the quality assurance processes. Through 
modifications and streamlining of stack conditioning 
procedure, a 75 % reduction in conditioning time was 
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Figure 1.17: Key low-temperature electrolysis demonstration projects

This area currently consists of 12 projects, including 
3 on anion exchange membrane electrolysis, 2 on 
alkaline electrolysis and 6 on PEM electrolysis. One 
project is focused on the development of testing 
protocols for grid services. Hydrogen production 
through electrolysis has also been supported in the 
transport pillar, where low-temperature electrolysers 
have been deployed to provide hydrogen for HRSs.

Alkaline electrolysis

The Djewels project is building and demonstrating 
a 20-MW electrolyser for the production of 
renewable methanol in Delfzijl industrial park in 
the Netherlands. The design envisages a system 
efficiency of 75 %, which would make a significant 
contribution towards reaching the 2024 MAWP 
targets. The stacks should have an operating 
range of 20–110  %, and the system a hot ramp 
idle time of 30 seconds. A current density of 0.9 A/
cm2 can be implemented through the development 
of novel electrodes. The project is currently at the 
engineering phase and the construction of the 1-MW 
stack testing facility has been completed. Once 
operational, Djewels may reach the 2024 electricity 
consumption target of 49 kWh/kg H2.

The Demo4Grid project is preparing to install a 
3.1‑MW pressurised alkaline electrolyser, which will 
supply hydrogen near Innsbruck to demonstrate grid 
services and produce green hydrogen for industrial 
purposes and mobility. The project has carried out 
an assessment of potential business cases, with a 

focus on power-to-heat and mobility markets. The 
former will become interesting when natural gas 
prices are high and electricity costs low.

Proton exchange membrane electrolysis

The intention is that the electrolysers demonstrated 
should have a rapid response time (of a few seconds) 
in order to participate in the primary and secondary 
grid-balancing markets. A key challenge has been 
to upscale the PEM electrolysers (PEMELs) to multi-
MW level, and much progress has been made in this 
respect.

The HyBalance project, which ended in 2020, 
installed and commissioned a 1.25-MW PEMEL in 
Hobro in northern Denmark, providing hydrogen 
for industrial and mobility customers. The stack 
operates at 30 bar with an efficiency of 72  %. 
As certified by the Danish transmission system 
operator Energinet.dk, the plant can provide grid 
services on the energy market. The overall energy 
demand of the plant per  kg of hydrogen produced 
has reached 56.5 kWh/kg H2, in line with the project 
target of 57.5 kWh/kg H2.

Through the H2FUTURE project, a 6-MW PEMEL 
from Siemens has been operating at the Voestalpine 
Linz steel plant in Austria since October 2020. The 
hydrogen produced will support fossil fuel-based 
steelmaking technology as part of a stepwise 
decarbonisation approach to steel production 
proposed by the steel manufacturer. In future, the 
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direct reduction of iron ore by hydrogen will decrease 
the footprint of steelmaking significantly.

Refineries need hydrogen for upgrading fuels and 
removing sulphur components. The Refhyne project 
will provide bulk quantities of hydrogen to the Shell 
Rhineland refinery in Germany (currently supplied 
by two steam methane reformers). With a capacity 
of 10  MW, it is Europe’s largest electrolyser (ITM 
Power). It began operations in July 2021 and will 
produce 4  000  kg H2/day at a pressure of 20 bar. 
The second phase of the project has been selected 
in the Green Deal call to expand the capacity of the 
electrolyser from 10 MW to 100 MW.

HAEOLUS is combining a 2.5-MW PEMEL and a 100-
kW FC in the remote harbour of Berlevåg, Norway. 
The aim of the project is to test control strategies for 
each mode of operation in wind-hydrogen systems: 
energy storage, mini-grid and fuel production. The 
results will be relevant to many wind farms across 
Europe and worldwide. The two components were 
installed in the remote harbour in May 2021, the 
objective being to optimise the use of wind power in 
this challenging location close to the Arctic Circle.

Game-changer proton exchange membrane 
electrolysers

Hydrogen costs must be reduced for the large-
scale provision of hydrogen to industry. While OPEX 
is inextricably linked to the local cost of electricity, 
CAPEX reductions could be realised by increasing 
current density or improving efficiency by operating 
at higher pressures. The two projects funded  – 
NEPTUNE and PRETZEL  – focused on increasing 
the current density and output pressure of PEM 
electrolysers.

The NEPTUNE project aims to reduce CAPEX for 
PEMEL, by increasing both hydrogen production 
rates and the output pressure in order to enhance 
efficiency. The goals are to achieve a current density 
of 4  A/cm2 at low-PGM loading and an increase 
in output pressure to 100 bar, while retaining the 
nominal energy consumption of <  50  kWh/kg H2. 
The project includes developments at cell, stack and 
system levels resulting in a final demonstration at 
48 kW capacity. 

The PRETZEL  (30) project is aiming to develop an 
innovative game-changer PEMEL. A maximum 
25-kW system generating 4.5  m3/h of hydrogen at 
rated power, with a feed water temperature up to 
90 °C and 100-bar output pressure, is the project’s 
ultimate goal. The stack is based on a hydraulic 
system of pressurisation whereby it is contained 

(30)	 https://www.fch.europa.eu/page/energy#PRETZEL

within a pressure vessel, which should ensure 
homogeneous pressure and even current density 
distribution, and should minimise degradation.  
This means that the targeted oxygen output pressure 
is also 100 bar. The targeted current density (4  A/
cm2) required by the call goes well beyond the 2020 
MAWP target (2.2 A/cm2).

Testing protocols

The testing and qualification of electrolysers 
is essential to assess their ability to operate 
dynamically and perform electricity-balancing grid 
services. The QualyGridS project has developed 
testing protocols for AEL and PEMELs taking into 
consideration a variety of different grid services as 
well as multiple hydrogen end users. The scope 
was to identify the systems’ capability to provide 
grid services as well as to indicate possible gaps. 
Testing protocols have been defined and applied for 
three alkaline and two PEMEL systems. The project 
ended successfully in 2020. The results showed 
that protocols are clear and implementable, and 
that all PEM water electrolysis and alkaline water 
electrolysis can meet most of the grid services’ 
requirements. A report compiling testing protocols 
for five different low-temperature electrolysers in 
various locations in Europe was submitted to the 
International Organization for Standardization (ISO) 
Technical Committee 197 and formally approved by 
its members, which constitutes a great success for 
the project.

Anion exchange membrane electrolysers

In addition to the two main low-temperature 
electrolyser technologies (alkaline and PEM 
electrolysis), recent years have seen the development 
of AEMELs, which operate in alkaline media but 
use a solid electrolyte. In principle, this means they 
can combine the use of non-PGM catalysts with 
the production of high-purity hydrogen due to the 
presence of the solid electrolyte.

However, this technology is currently at a low TRL and 
has yet to achieve the performance and durability of 
other water electrolysis technologies. To date, there 
is only one AEMEL manufacturer (Enapter) in the 
market, and three projects are funded by the JU: 
CHANNEL, ANIONE and NEWELY. The objectives 
of all three projects are similar: to develop high-
performance, cost-effective and durable AEMEL 
technology, by developing 2-kW prototype stacks.

The consortium behind CHANNEL has performed a 
market and cost analysis of the 2-kW prototype to 
develop a cost reduction strategy towards a capital 
cost of < EUR 600/kW for a 500-kW system. ANIONE 
has successfully developed anode catalysts that 
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a power consumption of less than 40 kWh/kg H2. The 
electrolyser will be demonstrated in a biorefinery in 
Rotterdam (Netherlands). The project is seeking to 
demonstrate that solid oxide electrolysis technology 
is reducing the TRL gap (by bringing it to TRL  8) 
between high-temperature electrolysis, on the one 
hand, and PEMEL and AEL, on the other, by installing 
and operating a multi-MW system. It is aiming for a 
design enabling CAPEX of ≤ EUR 2 400/(kgH2/d), in 
line with the 2024 MAWP target.

The REFLEX project is developing reversible solid 
oxide cell (rSOC) technology to be implemented 
as an integrated energy storage solution (smart 
energy hub) at community/district level. The project 
has developed improved rSOC component cells, 
stacks, power electronics and heat exchangers. The 
performance and durability target were achieved in 
rSOC operation at cell scale as well as with enlarged 
cells (200 cm²). A current density of 1.25 A/cm² was 
achieved in SOEC mode (target 1.2 A/cm²). Several 
other objectives were partially achieved.

The aim of the Waste2GridS project is to identify 
the most promising industrial pathways for waste 
gasification and solid oxide technology integrated 
plants. Biomass sources being considered are 
agricultural wastes, forest residues and municipal 
solid waste. Waste2GridS is proposing a novel concept 
of a triple-mode grid-balancing plant enabled by 
biomass gasification and rSOC technology. These 
plants can provide a grid-balancing service by 
switching between (i) power-generation mode, 
converting waste to electricity for the grid; (ii) 
power-storage mode, using the grid electricity to 
convert waste into methane; and (iii) power-neutral 
mode, converting waste into methane with no grid 
interaction. Feasible business cases were identified 
for power generation and power storage operations 
of over 3  500 hours. The project concluded that 
Waste2GridS plants could be feasible economically 
with five years’ payback time and a significant cost 
reduction in stack costs to < EUR 1 600/kWe.

Other hydrogen production routes

In addition to electrolysis, the FCH 2 JU is supporting 
R  &  D projects to explore alternative hydrogen 
production technologies, such as BioROBURplus, 
BIONICO, HYDROSOL-beyond and PECSYS.

Reforming

The BIONICO and BioROBURplus projects are 
aiming to develop the decentralised production 
of renewable hydrogen by reforming biogas at 
capacities of around 100  kg H2/day. The goal of 
the BioROBURplus project is to demonstrate a 
biogas fuel processor for decentralised hydrogen 
production based on oxidative steam reforming. 
The focus is on increasing the efficiency of the 
reactor to 72 % (higher heating value). An extensive 
testing programme was carried out to identify a 
suitable catalyst. If the testing campaign proves 
successful, this technology should reach TRL 6. The 
demonstration unit has been installed in a biogas 
facility and is being commissioned.

The BIONICO project (ended in 2019) developed 
and tested a catalytic membrane reactor system to 
produce pure hydrogen from raw biogas (containing 
CO2) in a single step (reforming and purification). 
The project’s achievements include the development 
of a novel reforming catalyst and support. The 
lab experiments demonstrated the stability of 
both catalyst and membrane in fluidised bed 
conditions. The performance of palladium–silver–
gold membranes was measured in the presence of 
hydrogen sulphide, showing improved performance 
for the membrane with higher gold content.

Thermochemical hydrogen production

Solar thermochemical production has much 
promise thanks to its potentially high solar to 
hydrogen efficiency (35–50  %, compared with 
around 12 % for photovoltaic plus electrolysis). The 
HYDROSOL-beyond project, a 750-kW solar plant 
in Almeria, Spain, is currently the only large-scale 
solar thermochemical hydrogen production unit in 
the world. The concept is based on redox-structured 
monolithic solar reactors for the production 
of hydrogen from water. HYDROSOL-beyond is 
aiming to address material and component issues 
encountered in its predecessor, HYDROSOL-
PLANT. The project should double the current SoA 
of 5  % solar-to-hydrogen efficiency through novel 
design solutions, in particular a more efficient heat 
exchanger to improve heat recovery.

Photoelectrochemical hydrogen production

The PECSYS project, which ended in 2020, developed 
and tested an integrated photo-electrochemical cell 
hydrogen generator at various prototype scales. 
Several concepts were explored for the direct 
coupling of an electrolyser to photovoltaic panels 
(see Figure  1.19). For a smaller device, a solar 
to hydrogen conversion efficiency of up to 13  % 
(ambient conditions 1  000  W/m², 25  °C) for a 100-
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for a fleet of FCBs and FC rental vehicles, the 
generation of heat and power for commercial and 
public buildings, the supply of auxiliary power for 
ferries and port operations, and the creation of an 
HRS. The estimated duration for the Green Hysland 
project will be from 2021 to 2025 and it will aim to 
reduce the CO2 emissions of Majorca by up to 20,700 
tonnes per year by the end of the project.

The Building Innovative Green Hydrogen Systems in 
Isolated Territories (BIG HIT) project is in the process 
of creating a hydrogen ecosystem in the Orkney 
Islands (Scotland), which will help to minimise the 
curtailment of renewable electricity. The hydrogen 
produced is used locally in cogeneration and 
transport applications. The project has achieved 
several milestones by deploying five hydrogen trailers 
(250  kg hydrogen storage), a hydrogen catalytic 
boiler (30  kW), a 1-MW electrolyser (ITM Power), 
five hydrogen FC vans and a 75-kW FC system for 
cogeneration. The electrolyser is operating and 
capable of providing hydrogen for the FC vans, and 
833 refuelling actions were performed in 2020.

1.2.1.8.	 Support for market uptake – 
cross‑cutting activities

Cross-cutting activities are related to:

•	 pre-normative research (PNR) and input into 
regulations, codes and standards (RCS)

•	 education and training

•	 safety aspects.

To date (in calls from 2008 to 2020), the JU has 
supported 48 projects relevant to these activities 
with a total contribution of EUR  67.5  million 
complemented by EUR  28.8  million of other 
contributions.

Pre-normative research  / regulations, codes and 
standards

This area of PNR/RCS comprises five PNR projects: 
HYDRAITE, ID-FAST, AD ASTRA, THyGA and PRHYDE.

HYDRAITE (2018–2021) studied the effects 
of hydrogen contaminants on FC systems in 
automotive applications, building on the results of 
the earlier project HyCORA. A major achievement 
of the HYDRAITE project is the development of 
three laboratories in Europe capable of measuring 
hydrogen quality according to European and 
international harmonised standards.

ID-FAST (2018–2021) developed accelerated stress 
tests for PEM FCs for automotive applications 
and a methodology able to predict ageing. The 
test carried out in the ID-FAST project will 

contribute to the development of a new standard 
by the International Electrotechnical Commission 
Technical Committee  105 on FC technologies. 
With a similar approach to ID-FAST, AD ASTRA 
(2019–2022) is developing accelerated stress test 
protocols for solid oxide cell stacks, operating in 
both FC and electrolysis modes. The final product 
will test protocols able to predict the degradation of 
solid oxide cells and their integration into a future 
standard.

THyGA (2020-2022) is testing how domestic and 
commercial gas appliances perform in the presence 
of hydrogen up to 60  % by volume in natural gas. 
It will then establish the hydrogen concentration 
limit below which hydrogen can be added to natural 
gas without changing the current certification of 
boilers, burners and cookers. THyGA will propose 
revisions of the existing standards section within 
the European RCS framework covered by the gas 
appliances regulation (Regulation (EU) 2016/426).

PRHYDE (2020-2022) is studying the parameters and 
components required for the hydrogen refuelling of 
heavy-duty vehicles, such as trucks and buses, to 
identify the optimal solutions for minimising filling 
time, maximising travel autonomy and, at the same 
time, guaranteeing safety. The final output will be 
the recommendation of a non-proprietary filling 
protocol.

Education and training

Four projects are dedicated to education and training: 
NET-Tools, TeacHy, FCHgo! and HyResponder.

The NET-Tools project focuses on the development 
of new e-education methods based on IT tools, 
enhancing the knowledge, productivity and 
competitiveness of those interested in FCH 
technology deployment. The project’s tangible 
output is an e-learning platform based on open-
source software.

The TeacHy project is developing learning tools 
and materials mainly for university students 
(undergraduates and postgraduates), although it 
also includes vocational training. Its overarching 
goal is to give students across Europe access to 
high-quality and harmonised training material. 
Its major aim is a European MSc course on FCH 
technologies.

The FCHgo! project is focusing on school pupils by 
developing educational tools aimed at the rising 
generations. FCHgo! outputs include a toolkit with 
narrative explanations of the technology, workshops 
in classrooms, a website and an annual award for 
the best ideas.
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In the meantime, the JRC started reviewing the 
existing scientific publications on LCA and social 
LCA applied to hydrogen and FC technologies.

The JRC has been invited by the CertifHy consortium 
to provide a scientific support on the greenhouse 
gas (GHG) emissions accounted for by hydrogen 
produced in the various sectors. The aim was to 
assess, by means of a comprehensive, internationally 
accepted methodology, the carbon footprint of 
hydrogen produced as a main product or by-product. 
The JRC’s discussions with project partners 
focused on the available LCA methodologies and 
their assumptions as regards system boundaries, 
allocation criteria and input data. In 2021, members 
of JRC.C.2 and JRC.C.1 attended several WG2 
meetings as observers, and helped the CertifHy 
consortium to assess various methodologies for 
allocating emissions from hydrogen production in 
different case studies.

The Joint Research Centre’s contribution to 
safety and safety awareness

The JRC operates two databases dedicated to 
hydrogen-related incidents: Hydrogen Events and 
Lessons Learned, and HIAD 2.0.

Hydrogen Events and Lessons Learned is a 
repository of events occurring during the lives of 
JU projects. Access to it is restricted. It is a JU tool 
for the monitoring and control of safety during the 
execution of the programme. The JRC collects and 
analysed all reported incidents and informs the PO 
through the annual report.

HIAD  2.0 is used for collecting publicly available 
information about safety-related events regarding 
hydrogen technologies, supply chain and 
applications. The 2021 activities continued along the 
same lines as the work delivered in 2020:

•	 identification of new hydrogen-related events 
and input into the database,

•	 continuous improvement of already existing 
data,

•	 relations with stakeholders and sharing of the 
data.

Approximately 30 new events were added to HIAD 2.0 
in 2021. Since the beginning of 2021, HIAD  2.0 is 
no longer accessible online. This is due to new 
Commission security rules, which make it very 
complex and expensive to make an online service 
completely accessible to the public. The JRC has 
created a database batch export function, which 
creates Excel files for offline analyses. This has 
become a great success. It has helped the EHSP’s 
assessment work, and users can gain access to the 
function upon request. It facilitates statistics and 
enables full textual searches, something impossible 
in the previous online version.

1.2.6.	 Support to joint undertaking policies 
and funding / financial engineering

Policy support and feedback

Throughout its mandate, the JU has contributed 
to a large number of diverse activities for multiple 
European Commission services (and accordingly 
provided the necessary feedback for further policy 
development). Although contributions have varied 
in content and format, they all share the common 
goal of providing fact-based information on the SoA 
of hydrogen technologies and their contribution to 
EU initiatives and policies, especially in the energy, 
transport and industry sectors, to competitiveness 
and growth, and to environmental policy.

In practical terms, the JU’s support to policies 
meant taking part in a number of technical groups 
organised by the European Commission and other 
international bodies, taking an active role during 
the meetings, providing written technical input, 
organising events, and ensuring that hydrogen 
technologies are properly represented in the relevant 
sectors and in the files of policymakers.

As in previous years, supporting the Directorates-
General (DGs) for Energy, Research and Innovation, 
Mobility and Transport, and Climate Action, the 
JU continued to actively follow and contribute to 
the European Strategic Energy Technology Plan 
activities during 2021, Action  6 ‘Energy efficiency 
for industry’ and Action  8 ‘Renewable fuels and 
bioenergy’. In 2021, work for the implementation WG 
for Action 6 was facilitated by the consultancy Ecorys 
and focused on establishing a structure around 
thematic groups. A cross-cutting thematic group on 
enablers was set up, covering hydrogen, renewables 
and CO2, and may be expanded to ammonia and 
energy storage. This group is currently engaging 
with Member States and industry. Action 8 work is 
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Figure 1.21: Total number of innovations analysed and presented in IR and the innovators 
related to the JU projects.

Figure 1.22: Ranking of the different innovations based on their innovator capacity scores 
and innovation potential indices

These innovations are displayed based on the IR 
methodology, categorised as ‘exploring’, ‘business 
ready’, ‘market ready’ and ‘tech ready’ (Figure 1.23). 
This classification is meant to span the path 
between the most basic TRLs of ‘exploration’ to the 
most advanced and closest to the market, further 

research or standardisation activities. Another very 
positive result has been the identification of at least 
42 innovations that scored above 50 points in the 
Innovation Potential Index, making them ideal first 
candidates for follow-up actions for exploitation 
proposals.

Figure 1.23: Clustering of innovations based on maturity level, up to 2020
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Figure 1.25: Number of dissemination activities performed by FCH 2 JU projects aimed at 
each target audience, 2020

The projects also reported their main outputs and 
results, especially the key exploitable ones. In 
general, the types of all the reported results appear 
to be diverse: 30.5 % of them are related to a new 
or improved product, 23.8 % to a new or improved 

method, material or instrument, 12.4  % to new or 
improved infrastructure and facilities and 6.7 % to 
new or improved services, while a wide variety of 
different options (including ‘other’) were used for the 
rest (Figure 1.26).

Figure 1.26: Types of outcomes and results reported by the projects, 2020

The projects flagged almost 70 % of all the reported 
results as KERs or key results. As regards the 
potential of the KERs, the vast majority (78.8  %) 
have been identified as having high technological, 

business or economic potential, which reflects 
the nature of the programme, while 12.1  % have 
scientific, 6.1 % societal and 3 % policy or regulatory 
potential.
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Figure 1.27: Potential of the KERs reported by the 
projects, 2020

The reported results are expected to affect the 
hydrogen and FC sector in the short to medium 
term (Figure 1.28). More than half of them (56 %) are 
expected to have an impact in 1–5  years, whereas 
38  % seem to be already influencing the related 
fields, according to their owners (expected impact 
time up to 12 months). In terms of market maturity, 
most of the result cases are positioned in emerging 
markets, where there is growing demand but not 
many market players are positioned yet (64.3  %). 
Some results are positioned in mature markets 
(14.3  %), while for the rest there is a potential to 
create a market (14.3  %) or it is still uncertain 
whether a market can be created to incorporate 
them (7.1 %).

Technological, 
business or 
economic | 79%

Societal | 6%

Policy or regulatory | 3%

Scientific | 12%

Figure 1.28: Expected impact time of the reported results and market maturity, 2020

The exploitation activities performed by the projects 
to support the uptake of the aforementioned results 
were quite diverse as well (Figure  1.29). Almost 
20.5 % were related to intellectual property rights, 
13.6  % to business model/plan presentation 
and similar percentages to meetings with user 

communities and potential investors. As regards the 
target audience of these activities (Figure 1.30), the 
vast majority of them (two thirds) were addressed 
to the industry and/or business partners, and much 
smaller percentages to the research communities 
(16 %) and the standardisation bodies (6 %).
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Figure 1.29: Types of exploitation activities performed by JU projects, 2020

Figure 1.30: Target audiences of the exploitation activities performed by JU projects, 2020

1.6.	Operational budget execution

The total budget available in 2020 (including internal 
assigned revenues) for OPEX reached EUR 10 227 166 
in terms of commitment appropriations and 
EUR 49 676 325 in terms of payment appropriations. 
The commitment utilisation rate reached 98.3  % 
(94.9  % in 2020), which is the highest rate in the 
last 4  years, whereas the payment execution rate 
reached 88 % (96.9 % in 2020).

•	 FP7 budget: In 2021, three periodic reports 
were assessed (one interim and two final), 
with the total amount of payments reaching 
EUR 1.1 million. The budget execution (in terms 
of payment appropriations) reached 97.8 % 
(88.8 % in 2020).

•	 H2020 budget: In 2021, 62 reports were 
assessed (46 interim and 16 final payments). 
In addition, H2020 operational payment 
appropriations were used for two pre-financing 
payments (from the 2020 call), as well as 
for procurement activities, the work of JRC 
and the work of experts in the context of the 
EHSP. Budget execution in terms of payment 
appropriations reached 87.8 % (97.5 % in 2020). 
The reasons for the lower implementation 
rate are explained in Section 2.3.2. In terms of 
commitment appropriations, the execution rate 
reached 98.4 % (96.5 % in 2020).

For further details on the budget, see Section 2.3.
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Table 1.2: In-kind contributions and EU contributions for grants under calls, 2014–2020 (million EUR)

Year Number of 
projects

Total EU 
contribution (92)

(A)

Committed in-kind 
contributions from 
members (B)

Committed in-kind 
contributions from 
non-members (C)

Total committed 
private contributions

(D = B + C) 

Total committed 
EU + private 
contributions

(E = A + D)

2014 15 80.09 32.82 14.40 47.22 127.31

2015 15 107.31 58.50 61.44 119.94 227.25

2016 19 87.98 6.44 81.33 87.77 175.76

2017 24 113.09 12.19 106.38 118.57 231.65

2018 19 71.61 14.26 38.47 52.73 124.33

2019 17 69.13 15.24 70.26 85.51 154.64

2020 25 97.84 18.80 22.71 41.52 139.35

TOTAL 134 627.04 158.27 394.99 553.25 1,180.30

(92)	 Calculated as follows: for closed projects, based on amount 
finally paid; for ongoing projects, based on the committed 
amount; for finished projects for which final payment is not 
made until 31 December 2021 but cost claim received, based 
on the amounts paid in previous periods + amount received 
but not yet validated.

Considering that funding rates in projects follow 
H2020 rules (i.e. up to 100  % of direct costs in 
research and innovation actions and in coordination 
and support actions, and up to 70  % in innovation 
actions), these private contributions are significantly 
higher than was initially foreseen. This is because 
most of the largest demonstration projects have 
effective funding rates lower than 70  % (of direct 
costs), as they are very close to the market.

In-kind contributions in additional activities

The underlying purpose of additional activities is to 
demonstrate private investments in the sector and 
ensure that a balanced contribution is made by both 
the private and public entities in the context of the 
partnership.

In 2021, members of Hydrogen Europe and of 
Hydrogen Europe Research, and their affiliate 
entities, jointly delivered a cumulative amount of 
EUR  1  039  million certified IKAA (for 2014–2020) 
(Table  1.3), which is more than three times the 
minimum requirement for IKAA of EUR 285 million, 
as defined in the FCH 2 JU Council regulation.

Table 1.3: IKAA for 2014–2020 as at 31 December 
2021 (million EUR)

2014/2015 2016 2017 2018 2019 2020 TOTAL

217.56 164.65 107.34 177.45 209.55 162.45 1039.00

The values in Table  1.4 have been taken into 
account in order to calculate the portion of private 
investments in relation to public investment in the 
FCH 2 JU that combines an operational component 
with additional activities.
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Table 1.4: Values of leverage effect as at 31 December 2021 compared with the overall H2020 targets 
(million EUR)

Overall H2020 targets set in the 
Council regulation for FCH 2 JU

Members’ contributions as at 31 December 
2021 and certified as additional activities for 
2014–2020

Overall private contributions as at 31 December 
2021 and certified as additional activities for 
2014–2020

Total minimum contribution 
from members other than 
the EU

380 Cash and committed in-kind support 
in projects plus certified additional 
activities – MEMBERS

1 209 Cash and committed in-kind support 
in projects plus certified additional 
activities – MEMBERS and NON-
MEMBERS

1 604

Total EU contribution 665 Committed EU contribution (2014–2020) 627 Committed EU contribution (2014–2020) 627

Target leverage effect over 
the whole H2020 programme

0.57 Leverage effect – members only as at 
31 December 2021

1.93 Leverage effect – all private partners as 
at 31 December 2021

2.56 

(A)	 Leverage effect, members only as at 
31 December 2021 = (11.36 + 158.27 + 1 039/627.04) = 1 209/627 = 1.93

In other words, for every EUR 1 of EU contribution 
for all JU signed H2020 grant agreements up to 
31  December 2021, members of Hydrogen Europe 
and Hydrogen Europe Research committed to 
spend EUR 1.93 either on JU projects or in certified 
additional activities.

The leverage effect of 1.93 considering only members 
of Hydrogen Europe Industry and Hydrogen Europe 
Research is already more than three times the target 
leverage effect as defined in the FCH 2 JU founding 
regulation (0.57).

(B)	 Leverage effect, all private partners as at 
31 December 2021 = (11.36 + 553.25 + 1 039/627.04) = 1 604/627 = 2.56

This formula is fully aligned with the method used 
in the Staff Working Document (SWD) accompanying 
the Interim Evaluation of the PPPs (93).

In contrast to the previous formula (A), in this 
formula (B) the leverage effect of 2.56 takes into 
consideration all private partners’ contributions to 
FCH 2 JU actions.

In other words, for EUR 1 of EU contribution for all JU 
signed H2020 grant agreements until 31 December 
2021, the private partners committed to spend 
EUR  2.56 either on JU projects or in certified 
additional activities  – which is more than 4 times 
the amount of leverage effect (0.57) expected at the 
beginning of the H2020 programme.

(93)	 European Commission, Commission Staff Working Document 
– Interim Evaluation of the Joint Undertakings operating under 
Horizon 2020, SWD(2017) 338 final, Brussels, 6 October 2017, 
Table 12, p. 44.

On the one hand, calculation of the leverage effect 
takes into account the operational component 
(private financial and in-kind contributions to 
projects for each euro committed by the European 
Commission) and, on the other hand, any additional 
leverage (private contributions to additional 
activities not directly linked to the project portfolio 
but contributing to the JU’s overall objectives).

In 2021, the JU further confirmed and demonstrated 
to the Council and European Parliament that the 
overall commitment of the industry and research has 
significantly surpassed the minimum requirement of 
EUR 380 million for H2020.

The EUR  380  million threshold was set to be 
demonstrated by validated or certified values 
delivered by private partners only. In H2020, the 
majority of the IKOP amounts are certified and 
subsequently validated after the JU receives an 
external certificate on financial statements (CFS). 
According to H2020 rules, it is compulsory to provide 
CFSs only after the end of the action. Since in 2021 
the vast majority of the JU actions were still ongoing 
and only a few CFS certificates were received, the 
validated amount of IKOP was EUR  38  million by 
end of 2021. Another reason for the huge difference 
between EUR  553  million (committed private 
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contribution) and certified IKOP (shown in the JU 
accounts) is that, for the accounts, only contributions 
coming from the members of Hydrogen Europe and 
Hydrogen Europe Research can be recognised. 
Contributions from non-members, even if they are 
realised, validated and certified, are not shown. We 
believe that this picture may not necessarily give a 
true and fair view of the overall investments, so the 
readers may wish to complement this information 
with committed figures as well.

Table  1.5 and Figure  1.31 provide an overview of 
members’ contributions under the FCH 2 JU.

Table 1.5: Financial and certified in-kind 
contributions from private members as at 
31 December 2021 (million EUR)

Cash contributions to FCH 2 JU administrative costs  

Industry 9.77

Research 1.59

TOTAL cash contribution 11.36

IKOP  
Certified IKOP as of 31 December 2020 11.92

Newly certified IKOP in 2021 26.72

Total certified IKOP as at 31 December 20212 38.63

IKAA  
Certified IKAA as at 31 December 2020 876.55

Newly certified IKAA in 2021 162.45

Total certified IKAA as at 31 December 2021 1 039.00

Total 1 062.28

Figure 1.31: EU and certified private contributions as at 31 December 2021 with outlook 
for 2022

In-kind contributions in operational activities

IKOP are costs incurred in implementing indirect 
actions minus the contribution of the JU and any 
other EU contribution to those costs (Statutes of 
the Council Regulation establishing FCH 2 JU, 
Article 13(3)(b)).

To be considered IKOP, these costs must be incurred 
by members of Hydrogen Europe or Hydrogen 
Europe Research or their affiliates participating in 
FCH 2 JU indirect actions.

The regulation establishing FCH 2 JU provides that 
IKOP should be valued according to members’ usual 
accounting practices and applicable national and 
international accounting standards (Article 4(4)).
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In addition, the FCH  2 JU partnered with Politico 
Europe for the launch of the Clean Hydrogen JU, 
using a multiplatform approach – including a home 
page takeover and a Politico Studio editorial  – to 
create a solid awareness campaign.

A series of five articles was published on the 
specialised website Science and Business, 
representing a network of universities, companies, 
and research and policy organisations. The themes 
were ‘How Europe can stay at the heart of the hydrogen 

economy’, ‘Unleashing 
the potential of 
hydrogen for Europe’s 
ports’, ‘Bringing 
hydrogen power to 
the steel industry’, 
‘Awarding excellence in 
hydrogen technology’ 
and ‘How Europe can 
step-up shift to clean 
hydrogen power’.
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The partnership with H2 View, an 
established platform to support and 
promote the growing hydrogen economy, 
continued to promote the JU projects 
and success stories within the ‘Pillars of 
Progress’ section and the monthly opinion 
columns from the JU Executive Director. 
The Pillars of Progress series continued 
receiving positive attention in 2021.

Another partnership, with The Brussels 
Times, allowed the JU to reach out to a large 
audience and obtain more than 1 900 000 
views by publishing two promoted articles 
on the magazine’s home page.
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The summary of the official Twitter account and the 
breakdown of additional data indicated that, in 2021, 
the JU published fewer tweets per month (an 
average of 22) than in 2020 (an average of 30) 
(Figure  2.2). As a result, the average number of 
impressions (94) decreased by approximately 44 %.

In contrast to Twitter, although the JU shared less 
content on LinkedIn in 2021, it attracted more traffic 
and more engagement from the online community 
(Figure 2.3). Although the impressions KPI remained 
constant over these 2 years, the reach (95) increased 
substantially from an average of 1  540 clicks per 
post in 2020 to 1 916 clicks per post in 2021.

Monthly newsletters were sent throughout 2021 
to a database of more than 11 000 subscribers. In 
December 2021, following the transition to the new 
website and the new visual identity, a new newsletter 
was developed based on the Newsroom platform 
provided by DG Communications Networks, Content 
and Technology. The first issue of the Clean Hydrogen 
Partnership newsletter was sent out to a database 
comprising over 12 000 subscribers.

(94)	 Impressions are defined by the 
total number of times social media 
browsers have shown the content; 
impressions count exposure.

(95)	 Reach, as a performance indicator, 
refers to the number of users who 
choose to see the social media 
content and engage with it using 
‘likes’, ‘comments’ or ‘shares’.

Figure 2.3: Growth on LinkedIn
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2.1.4.	 European Hydrogen Week

The second edition of the European Hydrogen Week 
brought together over 2  000 participants from 
the public and private sectors across Europe and 
beyond to review progress and look ahead to new 
opportunities for the production and use of hydrogen 
throughout the economy.

The event marked the public launch of the Clean 
Hydrogen Partnership as the successor of the FCH 2 
JU, in the presence of the President of the European 
Commission, Ursula von der Leyen.

‘This new Partnership builds on years of cooperation 
promoted by the Fuel Cell and Hydrogen Joint 
Undertaking. And many thanks for that. And it brings 
that model to the next level. It is a new big step 
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forward to bring innovative technologies from the 
laboratory to the factory and, ultimately, to European 
businesses and consumers … ‘Clean hydrogen is the 
energy of the next generation’, said President von 
der Leyen.

The event benefited from the participation of several 
high-level speakers from the European Commission 
as well other international organisations. Among 
these were Frans Timmermans, Executive Vice-
President of the European Commission; the EU 
Commissioners for Energy, Kadri Simson, and for 
Transport, Adina Valean; Jean-Eric Paquet, Director 
General of DG Research and Innovation at the 
European Commission; and Fatih Birol, Executive 
Director of the International Energy Agency.

Participants discussed, among other topics, the 
actions needed for a large-scale roll-out of clean 
hydrogen, hydrogen’s contribution to global climate 
mitigation actions, and the role of EU Member States 
in setting up synergies and working jointly at  EU, 
national, regional and city levels.

Other topics included education and skills needed 
for the hydrogen economy, renewable hydrogen 
production, distribution and storage, and ports’ 
roles as drivers and beneficiaries of hydrogen 
technologies.

A day was dedicated to discussions on the scientific 
priorities of the new Clean Hydrogen Partnership. 
All sectors, including the wider European scientific 
community, were invited to define the strategic 
scientific priorities of the hydrogen economy and 
ways to bridge the gaps between ready-to-market 
technology and large-scale uptake, while improving 
and diversifying the technological options.

The Hydrogen Week concluded with the FCH  2  JU 
programme review days, which presented the 
progress of projects and technological developments 
supported by the FCH  2 JU (more details in 
Section 1.2).

2.1.5.	 FCH JU Awards

The FCH 2 JU presented awards to its trailblazing 
clean hydrogen energy projects during the Hydrogen 
Week.

The JU acknowledged successful collaborations 
between research, industry and policymakers at 
its awards ceremony in Brussels on 29 November. 
The winning projects are delivering world-class 
solutions and accelerating the transition to a greener 
world. The JU introduced these awards in 2018 as an 
additional incentive for project beneficiaries to excel.

Best Innovation Award: Everywh2ere

Proving that hydrogen power development is not 
only for industrial users, the winning project, 
Everywh2ere, is a demonstration-to-market project 
that developed portable FC units, or generator 
sets. These can provide power to construction 
sites, music festivals and other temporary events 
in European cities, providing a solution to a real 
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need. The generator sets feature PEM FCs and safe 
pressurised-hydrogen technology.

The innovation has helped to bring hydrogen FC 
technology closer to citizens, eliminating the noise 
and pollution of diesel generators. Receiving the 
award on behalf of the consortium, Rina’s project 
manager, Stefano Barberis, said: ‘Our project will 
increase social awareness of FCH technologies, 
which will be the backbone of future clean energy 
and a hydrogen-based EU society.’

Best Success Story Award: Towards a 
sustainable and circular hydrogen economy

This award goes to a group of projects that 
contributed to the circularity of the hydrogen sector. 
This year there were 13 finalists, with project 
achievements across the entire hydrogen value 
chain, ranging from hydrogen-powered aviation to 
hydrogen valleys.

Six projects contributed to the winning success story 
and each received the award: FC-HYGUIDE, SH2E, 
HYTECHCYCLING, BEST4HY, EGHOST and CertifHy.

The winning success story demonstrates that 
hydrogen power not only must deliver clean energy 
efficiently and cost-effectively but should also 
incorporate sustainability.

The industrial partners and researchers involved in 
this success story have developed or are developing 
guidelines on sourcing, dismantling and recycling 
materials in line with a circular, clean hydrogen 
economy.

FC-HYGUIDE developed guidance, training materials 
and courses on how to use LCAs. The SH2E project 
is building on this to include economic and social 
dimensions.

HYTECHCYCLING and BEST4HY focused on 
recycling and dismantling, recovery and reuse of 
resources such as platinum. Currently, EGHOST is 
developing environmentally friendly design criteria 
in technology development.

Finally, CertifHy created the first EU-wide GO 
scheme for green and low-carbon hydrogen. The 
project’s current third phase includes building a 
market for GO trade and harmonisation across all 
Member States.

‘Without the backing of the FCH JU since 2014, 
CertifHy could have never achieved the leading role 
we now have worldwide on certification schemes. 
We are honoured to get this award. It boosts our 
enthusiasm to continue the project,’ said Wouter 
Vanhoudt, Director Europe and Asia at Hinicio, the 
coordinator of CertifHy.

Best Outreach Award: Refhyne

This award goes to a project for excellent public 
engagement and creative use of communication 
activities, to spread the word about the production of 
clean hydrogen. The 2021 winner is Clean Refinery 
Hydrogen for Europe (Refhyne).

The 5-year project began in 2018 and built a 10-
MW PEM electrolysis plant, the largest in Europe, 
at the Shell Rhineland Refinery in Wesseling, near 
Cologne, Germany. This electrolyser for industrial 
applications started operation in July 2021 and can 
produce up to 4  tonnes of hydrogen a day when 
running at full power. It can also help balance the 
refinery’s internal electricity grid, while selling 
primary control reserve service to the German 
transmission system operators. Plans are under 
way to expand the capacity of the electrolysis plant 
to 100 MW.

Anders Ødegård of SINTEF, Refhyne project 
coordinator, concluded: ‘We are honoured to receive 
this award in recognition of our dissemination 
activities. We believe it is vital to share our 
experiences and learnings to accelerate the further 
scale-up of clean hydrogen production. On behalf 
of the entire Refhyne consortium, I want to thank 
the FCH JU for the support for our 10M-W PEM 
electrolyser project and for this distinct outreach 
award.’
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2.2.	Legal and financial 
framework

During 2021, the following procedure was drafted 
and adopted:

•	 Decision of the Governing Board of 
the Clean Hydrogen Joint Undertaking 
No CleanHydrogen-GB-2021–03 adopting the 
transfer of decisions of the Fuel Cells and 
Hydrogen 2 Joint Undertaking’s Governing 
Board to Clean Hydrogen Joint Undertaking.

According to Article  174(12) of Regulation (EU) 
2021/2085, in its first meeting, the GB of each JU 
must adopt a list of decisions adopted by the GB of 
the preceding JUs that will continue to apply to the 
JU concerned established by the regulation.

The above GB decision comprises in its annex the 
one previous decision that continues to apply:

•	 Decision of the Governing Board of 
the Clean Hydrogen Joint Undertaking 
No CleanHydrogen-GB-2021-02 adopting the 
rules of procedure of the Governing Board.

Data protection

As an EU body applying Regulation (EU) 
2018/1725  (110), in the course of 2021, the JU 
continued its data protection activities as follows.

•	 It further implemented mitigating measures 
that resulted from the data protection impact 
assessment done in the previous year. As a 
part of the mitigating measures, the JU has 
adopted a manual for handling sensitive data 
in Microsoft tools. It is a practical guide to be 
followed each time the JU processes sensitive 
personal data, ensuring internal harmonised 
practices.

(110)	Regulation (EU) 2018/1725 of the European Parliament 
and of the Council of 23 October 2018 on the protection of 
natural persons with regard to the processing of personal 
data by the Union institutions, bodies, offices and agencies 
and on the free movement of such data, and repealing 
Regulation (EC) No 45/2001 and Decision No 1247/2002/EC, 
OJ L 295, 21 November 2018, p. 39.

2.3.	Budgetary and financial 
management

2.3.1.	 Budget

The JU budget comprises revenue and expenditure. 
On the expenditure side, the budget is divided into 
three titles:

•	 Title 1 covers staff expenditure, such 
as salaries, allowances and benefits, 
contributions, and taxes. In addition, it includes 
expenses for training, missions and medical 
services as well as the costs associated with 
the recruitment procedure and representation 
costs.

•	 Title 2 covers the costs associated with 
the functioning of the PO, such as renting 
premises, IT needs, expenses related to 
communications, experts’ fees, other service 
contracts and various office supplies.

•	 Title 3 covers the operational activities for both 
the FP7 and H2020 programmes.

Compared with 2020, the 2021 appropriations 
decreased by 85 % in terms of commitments and by 
46 % in terms of payments. The decrease in the 2021 
budget was due to the lack of calls launched in 2021. 
In addition, no pre-financing was planned in 2021.

There were three budget amendments and three 
budget transfers in 2021. The first two amendments 
introduced unused administrative payment 
appropriations and unused operational commitment 
and payment appropriations, whereas the third one 
decreased FP7 and H2020 operational payment 
appropriations in the context of the global transfer of 
appropriations. An overview of the initial budget, the 
amendments and transfers is presented in Table 2.1.
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2.3.2.	 Budget execution

In 2021, the level of commitments showed the 
highest rate of execution in the last 4  years. The 
main driver was the high execution rate observed for 

administrative expenses, which constitutes a record 
in JU’s history.

The payment execution rate decreased by 
8  percentage points compared with 2020, affected 
by the rate of execution for H2020 payments 
(Figure 2.4).

Figure 2.4: Budget execution rates, 2018–2021

The execution rates for the operational budget 
reached 98  % and 88  % for commitments and 
payments, respectively, as shown in Figure 2.4.

The utilisation rates for administrative commitments 
and payments improved from 2020 to 93 % and 78 %, 
respectively.

Further details of budget execution follow.
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Revenues

Table 2.2 shows JU revenue for 2021.

Table 2.2: Implementation of revenues (EUR)

Heading Income 
appropriation 

(budgeted)

Cashed

Operational expenditure, Union 44 655 360 44 655 360

Administrative expenditure, Union 2 649 250 2 649 250

Administrative expenditure, Industry 
Grouping

2 278 355 2 278 355

Administrative expenditure, 
Research Grouping

370 895 370 895

Recoveries 2 015 423 

Reactivation of appropriations 4 081 303

TOTAL 54 035 163 51 969 283

The amount shown above as cashed refers to 
revenue cashed and recorded in the budget.
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Administrative expenditure

The JU’s administrative budget execution improved 
to 93  % (86  % in 2020) in terms of commitment 
appropriations, recording the best performance in 
its history. This improvement is attributed to the 
improved planning for 2021 activities, taking into 
account all potential disruptions and limitations.

Unused appropriations coming from the 2021 
budget together with appropriations becoming 
available in 2021 from decommitments of previous 
years totalled EUR 459 829 and will be reactivated 
either in the 2022 budget (through amendment) or 
in 2023’s initial budget, depending on needs and in 
accordance with the JU’s financial rules.

In terms of payment appropriations, the execution 
rate also improved to 78 % (from 73 % in 2020).

More specifically, Title 1 commitment and payment 
rates improved compared with 2020 (commitment 
95  % in 2021 and 88  % in 2020; payment 90  % in 
2021 and 85 % in 2020). Staff in active employment 
represented 57 % of the total administrative budget 
and showed a commitment rate of 96 %, showcasing 
very good planning. Mission budget execution 
improved to 19  % in 2021 (from 12  % in 2020) but 
remained below the levels of the pre-COVID-19 
period.

Title  2 also improved in both commitment and 
payments rates compared with 2020 (commitment 
91 % in 2021 and 82 % in 2020; payment 61 % in 2021 
and 56 % in 2020).

Specifically, the budget lines for investments in 
immovable property, building rental and associated 
costs and in IT showed an almost perfect execution of 
99 %, followed closely by service contracts (94 %) and 
communication costs (92  %). Unused commitment 
appropriations come mainly from communication 
costs (EUR  51  775), since the organisation of the 
annual European Hydrogen Week was less expensive 
than initially budgeted, and from expert contracts 
and meetings (EUR  36  150), because of changes 
in planned reviews, stemming from amendments 
of grants’ reporting periods. In terms of payments, 

the improvement compared with 2020 came as a 
result of better planning for payments. It is expected 
that this rate will be further improved in 2022, as 
any potential reactivation of unused appropriations 
will come from IT (EUR 262 616, which represents 
a quarter of the unused payment appropriations 
in Title 2) and communication costs (EUR 520 490, 
which represents half of the unused payment 
appropriations in Title 2) since many contracts and 
agreements will be paid only in 2022.

Operational expenditure

As regards FP7 operational costs, the execution rate 
on the payment appropriations reached 98 % (from 
89 % in 2020). It should be noted that only three FP7 
payments were carried out in 2021.

In reference to H2020 operational costs (call, 
procurement activities, JRC and EHSP), the 
commitment execution rate improved slightly to 
98 % in 2021 (97 % in 2020). In terms of payments, 
the implementation rate reached 88 %, lower than in 
2020 (97 %).

Several delays in grants’ progress and implementation 
were reported in 2021. These delays were mitigated 
with amendments that shifted planned payments 
from 2021 to 2022. Other delays resulted in claims 
much lower than initially estimated. In total, 
delays in project implementation accounted for an 
estimated deviation of EUR  22  400  000 from the 
initial forecast, representing a third of the initial 
budget for H2020 payments. Most of this deviation 
was promptly identified and corrected by returning 
EUR  16  500  000 to the Commission in the context 
of the global transfer of appropriations. The unused 
payment appropriations of EUR 5 939 254 came for 
two projects for which the claims were submitted 
after the abovementioned correction.

Overview of programme implementation

Tables 2.4 and 2.5 give an overview of FP7 and H2020 
implementation.
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Table 2.4: Implementation of FP7 programme (EUR)

Type Execution until 
31.12.2021

Subsequent years Total

Commitments (operational costs)  425 813 121  425 813 121 

Payments (operational costs)  422 506 398  3 039 328  425 545 726 

Cumulative execution (operational costs) 99.2 % 99.9 % 99.9 %

Commitments (administrative costs)  30 658 610  30 658 610 

Payments (administrative costs)  30 658 610  30 658 610 

Cumulative execution (administrative costs) 100.0 % 100.0 % 100.0 %

Overall FP7 execution 99.3 % 99.9 % 99.9 %

As regards operational costs, the overall execution 
rate until 31  December 2021 reaches 99.2  %. In 
the summary table (Table  2.4), it should be noted 
that operational commitments relate to individual 
commitments for grants and studies. The amounts 
shown under ‘Subsequent years’ represent 
the remaining obligations under the last open 

grant agreement, for which the final payment is 
expected in 2023. The amount of EUR 267 395 will 
be decommitted in 2022. From the total 155 grant 
agreements signed, 1 project was cancelled, final 
payments were made for 153 projects and 1 project 
remains open. In addition, 12 operational studies 
were conducted.

Table 2.5: Implementation of H2020 programme (EUR)

Type Execution until 
31.12.2021

Subsequent years Total

Commitments (operational costs)  649 248 096  1 474 819  650 722 914 

Recoveries – 4 722 914 – 4 722 914 

Payments (operational costs)  532 962 122  113 037 878  646 000 000 

Cumulative execution (operational costs) 82.7 % 100.0 % 100.0 %

Commitments (administrative costs)  21 464 518  16 535 482  38 000 000 

Payments (administrative costs)  20 479 362  17 520 639  38 000 000 

Cumulative execution (administrative costs) 95.4 % 100.0 % 100.0 %

Overall H2020 execution 83.1 % 100.0 % 100.0 %

Regarding H2020 operational costs, the amount 
committed at the end of 2020 refers to the 
134  individual commitments for H2020 projects.  
In addition, it includes the committed amounts for 
25 procurement activities and a global commitment 
for the outstanding procurement activities from the 
2021 AWP. It also includes four annual commitments 
for the EHSP and six commitments for the JRC’s 
annual work.

With regard to H2020 administrative costs, 
EUR 985 156 was committed in 2020 and 2021 but 
not paid (as services are ongoing and/or invoices 
pending).

Amendments signed in 2021

Besides assessing the periodic reports, the JU’s 
financial management also includes the processing 
of project amendments. In 2021, the Executive 
Director signed 1 FP7 and 51 H2020 amendments.
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2.3.3.	 Time to pay

Operational payments

In 2021, 3 FP7 and 62 H2020 reports (interim and 
final) were assessed (59 in 2020). The overall time 
to pay (TTP) for FP7 and H2020 combined improved 
further compared with 2020, from 67 to 64 days. 
The gross TTP (including any suspensions due 
to requests for clarifications and amendments) 
reached 100 days.

More detail follows.

Seventh framework programme

Three reports were assessed in 2021 (four in 2020), 
of which two were final and one interim.

The average TTP of these reports was 53 days 
(78 days in 2020). The gross TTP (80 days) significantly 
improved compared with 2020 (235 days).

H2020

In 2020, 46 interim and 16 final reports were 
assessed, with an average TTP of 65 days (66 in 
2020). The gross TTP was 101 days (98 in 2020).

Administrative payments

The average TTP for administrative payments 
(invoices from suppliers of goods, service providers 
and cost claims from experts/staff) was 15.1 days 
(15.8 in 2020). The number of late payments (1 %) 
marked the best performance in the FCH  2 JU’s 
records, further improving on the 2020 performance. 
Strong monitoring measures on the open invoices 
contributed to this record.

2.4.	Procurement and contracts

The tender and contract management has been 
simplified as far as possible by following the 
interinstitutional procurement procedures launched 
by the European Commission and using the 
resulting multiannual framework contracts. The JU 
also cooperates with other JUs on tendering needs 
in order to minimise the administrative effort.

As in previous years, most of JU’s contracting was 
carried out under existing multiannual framework 
contracts, except mainly for operational procurement 
activities (see procurement studies under 
Section 1.4 ‘Calls for tender’). In terms of volume, 
operational procurement activities, IT services and 
the organisation of the European Hydrogen Week for 
2021 were the contracts with the highest value.

Launching and publishing a call for tender, and 
receiving and opening tenders have been simplified 
by using eTendering, eNotices and eSubmission 
modules. This last enables the automatic registration 
of tenders with the European Commission’s 
document management IT system (ARES). The JU is 
using the latest version of eSubmission and thus the 
publication, submission and reception of offers and 
opening stages are now fully digital.

In addition, the JU made use of EU Sign, a software 
solution provided by DG Informatics, which allows 
a qualified electronic signature (QES) to be applied 
to documents. The PO now applies a QES on its 
contracts, which facilitates business processes by 
significantly reducing the time and cost of signing 
a contract in blue ink. In addition, QESs, if applied 
using EU Sign, are legally binding, as they are 
compliant with Regulation (EU) No  910/2014 (the 
eIDAS regulation) for electronic transactions within 
the EU’s internal market and provides a higher level 
of technical security.

Table 2.6 gives an overview of the contracts awarded 
in 2021, including the procedure used in each case 
and the name(s) of the contractor(s).

Only those contracts with a value exceeding 
EUR 15 000 are listed. In cases of specific contracts 
implementing framework ones, the information 
is aggregated for each contractor under the same 
framework contract.
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Table 2.6: Contracts (> EUR 15 000) awarded in 2021

Type of contract Contract title Contract reference Selection procedure  
(if applicable for 
contract awards)

Name of contractor Amount (EUR)

Specific contracts 2 specific contracts under 
framework contract

Specific contracts No 14 
and No 15

Specific contract under 
framework

Realdolmen N.V. 649 308.53 

Direct service contract Study hydrogen in ports FCH/OP/Contract 300 Open procedure Deloitte Consulting & 
Advisory

518 000.00 

Framework contract for 
services

e-HRS availability FCH/Contract 282 Open procedure Spilett New technologies 
GmbH

400 000.00 

Specific contract European Hydrogen Week 
2021

FWC/PCO/Lot3–21/025 Specific contract under 
framework

VO Communications 308 896.88 

Specific contracts 7 specific contracts for use 
of interim services

FCH JU 2021 PO14, PO51, 
PO61, PO13, PO52, PO7 
and PO19

Specific contract under 
framework

Randstad Belgium NV 233 900.29 

Direct service contract Study impact of 
deployment of BEV and 
FCEV infrastructure

FCH/OP/Contract 296 Open procedure McKinsey Solutions 200 000.00 

Specific contracts 2 specific contracts under 
framework contract

Specific contracts No 1 
and No 2

Specific contract under 
framework

Spilett New Technologies 
GmbH

83 195.00 

Specific contract Media buying services COMM-2019-OP-0029-
Lot2 – FCH-2

Specific contract under 
framework

Consortium E2COMMs 
formed by European 
Service Network (leader) 
and Ecorys Europe

70 196.00 

Specific contract Development of new 
Visual Identity

AV0187-FCH JU Specific contract under 
framework

European Service 
Network SA

59 603.69 

Specific contract Equipment and 
installation material for 
meeting room 4/25

Specific contract No 2 Specific contract under 
framework

Telmaco Societé Anonyme 
Production & Trade of 
Electronic Products

46 666.48 

Specific contract Editorial, writing and 
proof-reading assignment 
2021

FCH/Contract 227-4 Specific contract under 
framework

European Service 
Network SA

42 698.00 

Specific contract 1 specific contract for use 
of interim services

FCH JU 2021 PO53 Specific contract under 
framework

Start People N.V. 38 211.13 

Direct service contract Data protection services FCH/Contract 294 Negotiated procedure Lydian 35 000.00 

Specific contract Ongoing services 
Eurodomain 01.01.2022–
31.12.2022

Testa-ng II SC76 Specific contract under 
framework

Deutsche Telekom 
Business Solutions GmbH

31 463.76 

Specific contract Microsoft annual fee for 
software licence renewal

Order Form No 07722-
OF-4854

Specific contract under 
framework

Insight Technology 
Solutions Belgium Inc

17 744.24 
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2.5.	Information technology and logistics

The year 2021 was driven by the new ways of 
working accelerated by the COVID-19 situation. It 
has accelerated the deployment of software-as-a-
service solutions, starting with the implementation 
of the mitigation measures identified in the Microsoft 
Office 365 data protection impact assessment. The 
year was marked by the replacement of in-person 
meetings with virtual meetings and conferences. That 
process was reinforced by a unified communication 
project to replace standard telephone systems. 
The last quarter was marked by the organisation 
and success of the European Hydrogen Week as a 
hybrid virtual web conference; by the highest ever 
attendance of the programme review days, which 
were for the first time broadcast from the newly 
created studio of the JU; and by the transition to the 
new Clean Hydrogen JU.

Support to core business

As in previous years, FCH 2 JU staff were ensured 
adequate access to the complete set of European 
Commission applications for grant management. 
The roles of the Single Point of Contact for 
COMPASS and Local Authorisations Manager for the 
IT accounting system (Accrual Based Accounting, 
ABAC) were again useful to ensure the successful 
implementation of H2020’s 2021 call. More important 
was the fact that the efficient remote support 
provided by the IT officer and the service desk took 
into account reduced presence in the office and 
increased use of hybrid modes of working as well as 
health and safety requirements.

The urgent deployment of the Teams voice project 
during the second quarter, due to the COVID-19 
situation, greatly helped the JU to continue the usual 
business activities without interruption.

A close follow-up of the infrastructure-as-a-service 
solution and managed IT service contracts available 
to the JU has been performed. As indicators 
supporting the new ICF we can mention the following:

•	 the business continuity operations were in 
evidence throughout 2021;

•	 the quality and performance indicators of the 
managed IT services and the downtime of the 
key systems are reported on a quarterly basis 
in the inter-JU IT governance report;

•	 we have several sources of monitoring 
depending on the type of service: performance 
metrics of European Commission tools, the 
ScienceLogic portal for the IT infrastructure 
and end-user support, the Icinga portal for the 
infrastructure-as-a-service cloud services, 
and Splunk from the Computer Emergency 
Response Team for the EU Institutions, bodies 
and agencies for the log files and security 
analysis;

•	 the JU was not affected by security incidents 
arising from external cyberattacks.

Business support tools

The JU continued to adopt more common EU solutions 
for grants and procurement. Among them, the 
module eSubmission from the new e-procurement 
suite provided by DG Informatics was used, allowing 
a smoother process, simplified interactions and 
efficiency gains in the evaluation process. The 
legacy tool, historically named e-PRIOR, is gradually 
being replaced by the end-to-end business process 
support covered in the new Corporate eProcurement 
suite. The JU is already engaged in the adoption of 
the new Public Procurement Management Tool to 
support negotiated procedures for medium- and 
low-value contracts, and the Contract Management 
module, which will be the link with eSubmission for 
the automatic generation of contracts and electronic 
signatures.

The JU started the effective use of the European 
Commission application Système de gestion du 
personnel (Sysper) (for personnel management) 
in February and is now preparing the next module, 
Mission Processing System, as the IT application 
for the management of business travel approval 
workflows and the reimbursement of costs incurred 
by mission performers. The transition to the new 
Clean Hydrogen JU was also the occasion to 
automate processes further by synchronising the 
user profiles between ARES and Sysper, improving 
the data quality.

The JU website is hosted by DG Informatics under 
the Next-Europa services to ensure the stability 
and continuity of this essential tool for the external 
communication and visibility of the FCH programme. 
Setting up the new Clean Hydrogen Partnership 
website achieved the creation of a completely new 
website compliant with the EWPP norm, released 
exactly on time in November. The old website will be 
archived in 2022.
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There were plenty of challenges in 2021, especially 
during the transition to the new Clean Hydrogen JU 
in November, which required dealing with all the 
implications of the renaming, change of logo, and 
associated changes in graphics, in all contexts, in 
due time without business interruption. One of 
the positive impacts was the progress achieved in 
moving from a simple QES to the official sealing 
certificate with the service EU Sign.

Internal support

The specific contract under the European 
Commission framework contract TESTA NG  II for 
the provision of secured telecommunications was 
signed to enable the continuation of services for 
all JUs, the European Union Agency for Railways, 
the European Labour Authority and the Agency for 
Support for the Body of European Regulators for 
Electronic Communications. The technical choice 
to operate from a community cloud in Hamburg 
(operated by CANCOM) has proven very efficient and 
resilient, supporting without problems the massive 
use of teleworking during the lockdown.

The JU is engaged in the deployment of Office 365 as a 
software-as-a-service solution. The implementation 
of the mitigation measures after the data protection 
impact assessment performed by Deloitte in 2020 
was completed by the data protection, IT officers, 
document management officers and human 
resources officers with some external consultancy. 
Teams with unified communications and 
collaboration features was already deployed in 2021, 
and SharePoint, OneDrive and Exchange Online  – 
identified as priority assets – will be deployed during 
2022.

The JU is the leading contracting authority for the 
framework contract for the managed IT services 
provided for the six JUs hosted in the White Atrium 
building. The specific contract for the associated 
services entered into force on 1 January 2022 after 
preparation and signature during the last quarter of 
2021.

A contract for developing maintenance and support 
for the internally developed data collection platform 
TRUST is in place. The necessary technical and 
security improvements were delivered earlier in 
2021, and the helpdesk and service requests are 
now used on an ad hoc basis to keep this application 
efficient.

To enhance the performance, usability and user 
interface of the applications, the Windows virtual 
private network (VPN) solution available with 
Windows 10 has also been deployed as an essential 
IT support for teleworking.

Given the increased use of teleworking, the JU 
has also put in place a failover solution for when a 
corporate device is damaged or missing. The private 
equipment using a virtual desktop solution was 
effective from August. The next step is the more 
modern mobile device management as a temporary 
environment using Office 365 tools, which was under 
evaluation in 2021 and is to be released early in 2022.

The JU started the effective use of the Systal tool for 
recruitment in June. The tool is shared by five JUs. A 
service level agreement was signed with the former 
Bio-Based Industries JU (now CBE JU), which leads 
the project. As Systal is configured now, all JUs can 
participate in shared recruitment with the advantage 
of using the same functionalities. It also supports 
the establishment of a future common back office 
with the migration of users to a new entity, but that 
was out of scope of the initial project and could lead 
to additional customisation in a subsequent phase.

Logistics

In addition, logistical support has been provided 
in the context of general administration. This 
encompasses the management of supply and 
maintenance of equipment, namely stationery, 
goods and services for administration, and includes 
the monitoring of services provided in particular 
through the Office des Infrastructures de Bruxelles, 
the Translation Centre and the Publications Office.

As in 2020 the use of web conferences as a 
communication method increased greatly, with 
events in hybrid or complete virtual mode. We 
observed again a shift in costs from business travel 
to telecommunications. Taking this into account, 
a special achievement was the implementation of 
new equipment for videoconferencing in a flexible 
audiovisual studio where this new kind of events can 
be organised. It proved to be capable of producing 
a livestreamed event during the programme review 
days in November.
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2.6.	Human resources

By the end of 2021, the JU PO had a total of 25 
statutory staff (23 temporary agents and 2 contract 
agents) and 2 seconded national experts from 10 
countries (Figure 2.5).

Figure 2.5: JU staff by nationalities, as at 
31 December 2021

There is a good gender balance at JU (Figure 2.6): 
One third of managers are female and 2/3 are male.

Figure 2.6: JU staff gender balance

The COVID-19 situation continued throughout 
the year with short periods of return to the office 
on a voluntary basis. In October 2021 the JU was 
able to organise a half-day outdoor team-building 
event. The JU followed closely the guidelines of the 
Commission as set by the Belgian government in the 
situation of the pandemic.

During the pandemic the JU continued to have 
online meetings with the whole office. They were set 
every 2 weeks on Thursday morning to maintain the 
motivation and well-being of staff members.

As a follow-up of the resilience training organised 
for six JUs in 2020, three workgroups were created 
in 2021 to discuss and develop guidelines on the 
following topics:

•	 effective use of tools and the right to disconnect

•	 well-being during telework / managing teams 
remotely

•	 integration, support and learning.

The three working groups produced a document on 
best practices for hybrid working. It was an inter-JU 
effort, with a good mix of staff levels and members 
of different JUs.

The JU had organised a staff survey in 2020. To 
follow up on the results it had a workshop on 
goals, roles, interaction rules and procedures with 
a human resources specialist. In 2021, three WGs 
were created for the following topics:

•	 WG1: vision and mission of the next JU 
(September 2021)

•	 WG2: define responsibilities, roles and 
objectives to be reflected in the revised job 
descriptions (June 2021)

•	 WG3: implementing the new ways of working 
(beginning after the European Commission 
published the new guidelines).

The three WGs finalised the work, and the end 
results were shared with management.

At the same time as the WGs were established, the 
JU also looked for a volunteer to be its ‘social chair’. 
Two people volunteered, and they tried to interact 
with staff while creating group challenges.

Recruitment

The post of Head of Administration and Finance 
was advertised on 7  May 2021 with a deadline for 
applications of 13  June 2021. The selection was 
completed on 10  September. The starting date for 
the head of unit was 1 January 2022.

On 28  June the JU advertised a vacancy for a 
grade 5 administrator (AD 5) position. The deadline 
for applications was 19  September 2021. This 
publication was to create a reserve list to recruit one 
additional project officer and one to replace a project 
officer who left in 2021.

BE | 4

EL | 5

BG | 1

PL | 1
SK | 1

PT | 1

IT | 3 FR | 1

RO | 5

ES | 3

Women | 44 %Men | 56 %
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On 15  September 2021 we published a post for 
a grade  3 assistant (AST  3) legal assistant. The 
deadline was set for 30  November 2021 and was 
extended until 31  December 2021. The deadline 
was extended because the two units involved in the 
selection procedure needed to focus on preparing 
all the relevant documents for the change of identity 
and name of the JU. It was decided that it would be 
better to have the Legal Officer as a member of the 
selection team, since the legal assistant would be 
working directly with her. This selection procedure 
will start in 2022.

To provide support to the PO, in projects, in 
communication and knowledge management and 
to cover for the maternity leave of the Legal Officer, 
short-term contracts for interim services were used 
in 2021.

Learning and development

In 2021, joint IT sessions were organised together 
with the other JUs with the main purpose of 
preparing for the switch to Office  365, SharePoint 
and OneDrive. There were also interesting sessions 
on cybersecurity for the JUs. Furthermore, the PO 
had organised a session for the whole organisation 
on fraud awareness and prevention, presented by 
the European Anti-Fraud Office (OLAF), and one 
on Horizon Europe rules, presented by the CIC. 
A specialised session on ‘Accounting training on 
equipment treatment and R  &  D’ was organised 
for the financial and project officers. During the 
pandemic, staff members took time to participate 

in online training to expand their knowledge related 
to their jobs. Participation in training was highly 
encouraged to keep staff motivated and connected 
with others during the lockdown.

Digitalisation of human resources

In February 2021 the JU onboarded Sysper. 
Throughout the year new modules were added. The 
use of Mission Processing System and the feature for 
the staff evaluations and promotions are expected.

Workshops were organised to introduce the new 
recruitment tool, Systal. This tool was rolled out to 
the JU in November 2021 and the next recruitment 
will be done using this system.

Other human resources-related activities

The 2021 appraisal and reclassification exercise was 
carried out and the decision on staff reclassified 
(four temporary agents) was adopted, with 
reclassifications taking effect retroactively on 
1 January 2021.

The JU participated in the meetings organised by 
the European Union Network of Agencies, which 
continued the ‘new ways of working’ meetings giving 
updates on the different situations in the Member 
States regarding COVID-19. It also attended Learning 
Network meetings, to be informed of the different 
developments in EU Learn and LinkedIn Learning.
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4.	 INTERNAL CONTROL FRAMEWORK

4.1.	Financial procedures

The financial procedures guide JU operations and 
set out how it uses and manages its funds and 
resources. Effective implementation of COMPASS 
workflows adds efficiency in managing grants. 
Publication of calls for tenders, managing the calls 
(in particular soliciting questions and publishing 
answers), submission of offers and opening of 

tenders are based on IT solutions that significantly 
reduce the resources expended. The financial 
circuits were updated in September 2021 following 
the departure of the head of unit for finance and 
administration, who also acted as financial verifying 
agent.

4.2.	Ex ante controls on operational expenditure

Ex ante controls are essential to prevent errors and 
avoid the need for ex post corrective action. In 2021, 
the JU continued to apply the provisions of Article 74 
of the financial regulation and Article 21 of the JU 
financial rules: ‘each operation shall be subject at 
least to an ex ante control relating to the operational 
and financial aspects of the operation, on the basis 
of a multiannual control strategy which takes risk 
into account’.

Therefore, the main objective of ex ante controls is 
to ascertain that the principles of sound financial 
management have been applied.

The JU has developed and continues to apply well-
developed procedures defining the controls to be 
performed by project and finance officers for every 
financial claim, invoice, commitment, payment and 
recovery order, taking into account risk-based and 
cost-effectiveness considerations.

For operational expenditure, the processing and 
recording of transactions in ABAC are performed 
using the corporate H2020 IT tools (System for Grant 
Management (SyGMa) and COMPASS) for H2020 
grants and experts, which ensures a high degree of 
automation, and the controls are embedded in each 
workflow.

Ex ante control activities in 2021 included:

•	 assessment of 65 periodic reports (112);

(112)	In total, 62 reports for H2020 and an additional 3 reports for 
FP7 were assessed.

•	 participation of project and finance officers in 
H2020 project kick-off meetings in order to 
clearly communicate the financial reporting 
requirements (113);

•	 targeted webinars focused on the specificities 
of each project;

•	 drawing up a list of selected beneficiaries 
(mostly SMEs and newcomers), based on a 
detailed analysis of the most common audit 
findings and financial claims, and sending 
a financial questionnaire to them with the 
purpose of enhancing FCH beneficiaries’ 
knowledge and strengthening their sound 
financial management and understanding of 
the H2020 rules;

•	 as a follow-up on the answers to the 
questionnaires (following H2020 guidance on 
risk), targeted bilateral financial webinars with 
the purpose of enhancing knowledge of FCH 
beneficiaries and strengthening their sound 
financial management and understanding of 
the H2020 rules, with individual follow-ups;

•	 reinforced monitoring and targeted checks 
during ex ante controls for interim and final 
payments, in accordance with the H2020  
ex ante control strategy, as published by the 
Common Support Centre Steering Board on 
18 December 2020.

(113)	Due to COVID-19 restrictions, the meetings were organized 
online.
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In addition, the JU actively contributed to the 
development of the Horizon Europe control strategy 
(ex ante, audit and fraud prevention) by participating 
in the dedicated WGs set up by the CIC and providing 
input. The work started in 2020 and continued in 
2021.

As a result of persistent systemic errors in declared 
personnel costs, particularly those of SMEs and new 
beneficiaries (which are more error-prone than other 
beneficiaries), the JU had already strengthened its 
internal controls in 2020 to address the increased 
risk regarding SMEs and new beneficiaries.

In 2020, a pilot project was launched to reinforce risk-
based ex ante controls among top JU beneficiaries. It 
was specifically dedicated to newcomers and SMEs. 
The first results were available in 2021 and showed 
reduced error rates (see Table 4.1).

Table 4.1: Quantitative impact of ex ante webinars 
project in 2020 and 2021 – reduced error rates

Period Years in which 
ex post audits 
were launched

Error rate of 
representative 
audits (of SMEs and 
newcomers) closed by 
31 December 2021 (%)

Before ex ante 
webinars

2017–2019 – 2.35

After introduction 
of ex ante webinars

2020–2021 – 0.74

TOTAL 2017–2021 – 1.99

The benefits of the reinforced ex  ante controls 
included the following, among others:

•	 quantitative benefits:

	– reduced error rates and reduced amount of 
ineligible costs,

	– timely corrections of the potential errors 
ex ante  – for example, average duration of 
the entire exercise from the moment of 
identification of the risky beneficiary until the 
closure of a follow-up action was 6 months, 
in comparison with 24–36 months for a risk-
based audit (from the moment of identification 
until the letter of conclusion);

•	 qualitative benefits:

	– preventive measure with a long-term effect,

	– learning for both grant officers and 
beneficiaries,

	– reinforced teamwork and cooperation 
among officers with technical and financial 
knowledge.

Thanks to positive results in terms of reduced error 
rates, and encouraging feedback received from the 
beneficiaries on this initiative, the JU will continue 
with the reinforced risk-based controls in 2022, with 
aid of the reinforced monitoring tool available in 
the corporate COMPASS/SyGMa system for H2020 
grants management.

Cost of controls

The recently re-adopted  (114) financial rules of 
the JU envisaged that the annual activity report 
should indicate the efficiency and effectiveness of 
the internal control systems, including an overall 
assessment of the costs and benefits of controls.

The principle of efficiency concerns the best 
relationship between resources employed and 
results achieved. The principle of effectiveness 
concerns the attainment of the specific objectives 
set and the achievement of the intended results.

Efficiency and effectiveness

To demonstrate effective and efficient use of 
resources in order to achieve application of sound 
financial management in all ongoing projects as at 
31 December 2021, the relationship between the cost 
of ex ante controls and the operational expenditure 
in 2021 as shown in Table 4.2 was considered.

(114)	Decision reference CleanHydrogen-GB-2021-03 of the 
Governing Board of the Clean Hydrogen Joint Undertaking 
of 17/12/2021 adopting the transfer of decisions of the Fuel 
Cells and Hydrogen 2 Joint Undertaking’s Governing Board 
to Clean Hydrogen Joint Undertaking.
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Table  4.2: Proportional cost of controls as at 
31 December 2021

Efficiency and effectiveness of 
controls as at December 2021

Operational expenditure/
running grants

Resources used on ex ante and 
ex post controls – estimated

Average proportion

Operational expenditure for 2021 
(EUR)

95 868 825 1 020 500 (115) 1.06 %

Number of running grants 82 6.5 FTEs 1 FTE per 12.6 grant agreements

The cost of controls represents 1.06  % of the 
JU operational expenditure in 2021 and can 
be quantified as EUR  12  445 per running grant 
agreement (116).

As an additional measure of effectiveness, we 
consider that the residual error rate shows a stable 
trend over the years, well below 2 %. In 2021 we were 
also able to demonstrate a significant decrease in 
the error rate for SMEs and newcomers after the 
introduction of the targeted risk-based ex ante 
webinars in 2020.

Costs and benefits

In the cost–benefit analysis, the JU considered 
the cost of controls employed ex ante and ex post 
in comparison with the amount of recoveries and 
ineligible costs detected either ex ante or ex post.

The ratio of the average cost to the average benefit 
for one running project in 2021 is 1:13 and this is 
mainly due to the relatively high level of rejected 
costs.

(115)	Average cost per temporary agent used for legislative 
financial sheets as announced by DG Budget in 
November 2021 is EUR 157 000 a year.

(116)	All validated costs in 2021 for running projects as at 
31 December 2021 for all running programmes (both FP7 
and H2020) were considered.

Table  4.3: Costs and benefits of controls as at 
31 December 2021 (EUR) 

BENEFITS and COSTS 
of CONTROLS

as at 31 December 
2021

Cost or benefit 
in EUR

Average cost or 
benefit of control 
per running 
grant (82 running 
grants)

Costs of ex ante and ex 
post controls in 2021 – 
estimated

1 020 500 12 445

Ex ante rejections 
(benefits)

12 087 692 

159 971Recoveries and ex post 
audit adjustments in 
2021

1 029 921

Tables 4.2 and 4.3 demonstrate measurable benefits 
of the efficient and effective use of resources in the 
JU to reduce error rates ensure that principles of 
sound financial management are well understood 
and followed by the JU beneficiaries. In the long-
term perspective, we believe that other benefits of 
a preventive nature that are not directly measurable 
will materialise in future.
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4.3.	Ex post control of operational expenditure and  
error rates identified

The main objectives of the ex post controls are to 
ensure that legality, regularity and sound financial 
management (economy, efficiency and effectiveness) 
have been respected and to provide the basis for 
corrective and recovery activities, if necessary.

Horizon 2020 programme – ex post controls, 
audit strategy and cooperation with the 
Common Implementation Centre

Ex -post controls of operational expenditure for 
H2020 are designed and implemented in line with 
the H2020 ex post audit strategy  (117). For H2020, 
the CIC (formerly known as the Common Support 
Centre) developed this audit strategy in cooperation 
with all of its clients (i.e. the entities that implement 
the H2020 budget: European Commission services, 
executive agencies and JUs).

Unit RTD.H.2 of the CIC, the Common Audit Service 
(CAS), ensures harmonised implementation of 
the H2020 ex post audit strategy for the EU’s R&I 
expenditure, serving all 20 H2020 stakeholders. 
The CAS uses the IT tool AUDEX for audit process 
management. Its mission is to deliver a corporate 
approach to the audit cycle: audit selection, planning, 
application of rules, relations with beneficiaries and 
management information on the audit process.

The main objective of the audit strategy is to provide 
the individual authorising officers with the necessary 
elements of assurance in a timely manner, thereby 
allowing them to report on the budget expenditure 
for which they are responsible. Ex post controls on 
operational expenditure contribute in particular to:

•	 assessing the legality and regularity of 
expenditure on a multiannual basis;

•	 providing an indication of the effectiveness of 
the related ex ante controls;

•	 providing the basis for corrective and recovery 
mechanisms, if necessary.

The JU is effectively integrated in this control chain: 
it participates in defining the audit process and in 
monitoring its implementation in close cooperation 
with the CAS and its clients. The main objectives of 
this cooperation are to align operations and exploit 
synergies in the common audit effort. The efficiency 
gains will reduce audit costs and the administrative 

(117) Ref. Ares(2016)981660 – 25/02/2016, endorsed by the CSC 
Steering Board.

burden on auditees, always in line with the specific 
objectives explained above for ex post controls.

The implementation of all ex post audit results 
remains the responsibility of the JU.

The JU also ensures the implementation of the 
research community’s common anti-fraud strategy. 
The main actions derived from the strategy include 
the organisation of awareness-raising sessions 
within the JU and cooperation with OLAF (in the 
case of risk-based audits conducted by the CAS 
or outsourced contractors). Implementation of the 
action plan derived from the strategy is monitored 
by the Fraud and Irregularity Committee (see also 
Section 4.6).

In 2021, the following main achievements were 
attained.

•	 The JU and CAS cooperated on selecting 
28 new corrective and representative H2020 
ex post audits for execution in 2022 with 
results (letter of conclusion sent) expected by 
31 December 2022, focusing primarily on the 
top 100 beneficiaries.

•	 By continuous application of the JUs’ 
sampling methodology (endorsed by the CIC 
Executive Committee on 19 July 2019), the 
JU reached a significant cumulative audit 
coverage (see Figure 4.1) of the overall H2020 
expenditures, forming a strong basis for the 
declaration of assurance in 2021.

•	 It closed the 43 representative audits by 
31 December 2021 (reaching approximately 
half of the overall H2020 target for 
representative ex post audits).

•	 The JU participated in the extension of the 
audit findings exercise, common to all H2020 
stakeholders, enabling further cleaning of the 
representative error rate down to – 1.73 % of 
the residual error rate.
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Figure 4.1: Cumulative audit coverage of FCH 2 JU contribution, closed audits only,  in 
comparison with committed JU contribution for top 100 beneficiaries and entire FCH 2 JU 
programme, 2019–2021

Horizon 2020 ex post audit methodology and 
error rates – corporate approach

The common representative sample (CRaS) provides 
an estimate, through a representative sample of cost 
claims across the R&I family, of the overall level 
of error in the research framework programmes, 
across all services involved in its management. All of 
these grants follow the same homogeneous overall 
control system set out in this report.

The H2020 ex post audit strategy builds upon different 
layers of audits:

•	 a corporate layer consisting of a CRaS (118) 
complemented by risk-based samples,

•	 an additional sample for entities with specific 
GAs or a separate discharge procedure and 
Article 10 audits at the demand of the JUs.

In H2020, all 22 implementing entities were expected 
to follow the same homogeneous overall ex ante 
control system.

The H2020 audit campaign started in 2016. At that 
stage, four CRaSs with a total of 629 expected results 
were selected. By the end of 2021, cost claims 
amounting to EUR 31.8 billion had been submitted 
to the services by the beneficiaries.

(118)	Taken twice a year for 162 participations; monetary unit 
sampling is applied; population is determined by the costs 
declared and paid by the beneficiaries through financial 
statements which form the basis for calculating the EU 
contribution.

The error rates at 31 December 2021 were:

•	 representative detected error rate 2.29 % (119);

•	 cumulative residual error rate for the R&I 
family DGs 1.60 % (1.67 % for DG Research and 
Innovation (120)).

Horizon 2020 ex post audit methodology and 
error rates – joint undertaking’s approach

For classification, reporting and error rate 
calculation purposes, the JU distinguishes between 
representative and corrective audits (Figure  4.2). 
Corrective audits are defined as all audits that were 
not selected by statistically representative sampling.

(119)	Based on the 418 representative results out of the 629 
expected in the four CRaSs.

(120)	It should be noted that in 2021 most H2020 grants managed 
by DG Research and Innovation were transferred to executive 
agencies. Hence, this figure is based only on the actions that 
remained with DG Research and Innovation at the end of 
2021.
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Figure 4.2: H2020 ex post audit strategy at the JU – classification of the ex post audits

Given the relatively small size of the FCH 2 JU 
budget (overall European Commission contribution 
of EUR 665 million: 1 %) compared with the overall 
H2020 target budget (EUR 63 584 million (121): 100 %), 
the number of participations selected for ex post 
audit by the CAS through the CRaS is very limited.

This observation was confirmed by the fact that in 
the four rounds of CRaS (629 participations) there 
were only three JU participations directly hit by the 
monetary unit sampling. The items hit by CRaS are 
considered representative for calculation of the JU-
specific error rates.

By 31  December 2021 there were two results 
available and incorporated into the JU-specific error 
rate calculation.

In addition to CRaS samples and in line with Annex 1 
to the H2020 ex post audit strategy, the JU planned 
for additional audit sampling (i.e. the JU’s specific 
sample) in order to ensure sufficient ex post audit 
coverage and enable a representative error rate of 
JU expenditure to be calculated over time. This is 
necessary to provide reasonable assurance to the 
JU Executive Director in view of his declaration of 

(121)	H2020 operational budget of EUR 70 280 million less 
EUR 6 696 million related to the European Institute of 
Innovation & Technology financial instruments and others.

assurance and the separate discharge procedure for 
the JU.

By 31  December 2021, the JU had selected 153 
participations for ex post audits (compared with the 
estimated target of 295 participations audited for the 
whole H2020 programme).

As observed in Table  4.4 and Figure  4.3, the JU is 
approximately in the middle of the H2020 campaign, 
reflecting a progressive validation of the H2020 
expenditures in the ongoing actions.

Table 4.4: Ex post audits, completeness status at 
31 December 2021

H2020 audits with 
JU participations

Number of participations

Closed Ongoing To be 
selected

H2020  
overall target 

Total up to  
31 December 2021

92 61 142 295

Clean 
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CRaS JUs'
sampling

Risk – 
based

Top –
Ups

Other (e.g.
Follow - Up)


