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Infrastructure Planning in the Energy Sector
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The integration of the EU energy market, the increasing penetration of renewable-based generation, with its more variable and less predictable output 
profile, and security of supply all require an optimally dimensioned and efficiently operated energy networks in Europe.

Twenty years of energy network planning in 
the EU

Efficient network development planning and 
implementation have therefore been an increasing fo-
cus of energy policy in the EU.  In 2003, the Europe-
an Parliament and the Council adopted a set of guide-
lines for trans-European energy networks (Decision No 
1229/2003/EC), which were replaced, only three years 
later, by new guidelines (Decision No 1364/2006/EC). 
The latter introduced the notion of ‘project of European 
interest’, alongside the pre-existing categories of priority 
projects and projects of common interest. The result was 
a list of over 500 projects, compiled mainly on the basis 
of a political agreement among Member States. However, 
while the framework established by the 2006 guidelines 
made a positive contribution to the selected projects by 
giving them political visibility, it lacked vision, focus and 
flexibility to fill identified infrastructure gaps.

The 2009 Third Energy Legislative Package for the first 
time established an EU-wide framework for the plan-
ning of energy networks. It introduced the requirement 
for Ten-Year Network Development Plans (TYNDPs) 
for electricity and gas to be compiled by the newly es-
tablished European Networks of Transmission System 
Operators (ENTSOs), for electricity (ENTSO-E), and 
gas (ENTSOG). Building on national investment plans 
and the reasonable needs of system users, and taking re-
gional investment plans into account, the TYNDPs aim 
at identifying investment gaps, notably with respect to 
cross-border capacities. Each ENTSO should compile a 
TYNDP for its respective sector every two years. It shall 
also include the modelling of the integrated network, 
reference scenarios, a European adequacy outlook and 
an assessment of the resilience of the system. However, 
in 2009 it was too early to see the need for a common 
network modelling approach spanning the electricity and 
gas sectors. The inconsistencies in the scenarios identified 
for the two sectors and the weaknesses of the cost-benefit 
analysis methodologies used to assess the net benefits of 
the candidate projects (especially in the gas sector) have 

been the main shortfalls in the TYNDP-based network 
development planning.

In 2013, the Regulation on guidelines for trans-Europe-
an energy infrastructure (TEN-E Regulation) innovated 
on the approach for identifying priority infrastructure 
investments. The purpose was to prioritise those network 
developments which are essential for integrating the elec-
tricity and gas markets along eight priority corridors – 
four for the electricity sector and four for the gas sector 
– and in one thematic area – smart grids (as well as for oil 
and carbon dioxide networks).

Those projects which are included in the latest TYNDPs 
and which are the most beneficial for promoting such 
integration are qualified as projects of common interest 
(PCIs) and included in lists adopted by the European 
Commission every two years. 

Cross-border cost allocation to enable projects of 
common interest

The TEN-E Regulation also introduced a new instru-
ment for facilitating the development of PCIs for which 
costs and benefits accrue very differently among the dif-
ferent Member States involved: the cross-border cost allo-
cation (CBCA). Previously, if a project, although overall 
beneficial, did not deliver net positive benefits to all the 
involved countries, it would have likely not been devel-
oped or an ad-hoc compensation would have had to be 
agreed. By formalising a process for the reallocation of 
costs among the different involved countries, the TEN-E 
Regulation has facilitated the developments of these pro-
jects. CBCA decisions should be jointly taken by the na-
tional energy regulators of the beneficiary countries; if 
they cannot reach an agreement, the decision is adopted 
by the European Union Agency for the Cooperation of 
Energy Regulators (ACER). In reality, many more CBCA 
decisions have so far been adopted than those which were 
necessary to enable PCIs for which benefits and costs ac-
crue differently across the involved jurisdictions. This is 
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due to the fact that CBCA decisions are a prerequisite 
for accessing funding under the Connecting Europe Fa-
cility (CEF): of the 46 CBCA decisions adopted until 
June 2020, only 10 involved some form of cross-border 
compensation, while in 24 cases the decision was taken 
by only one national regulator just to confirm that the 
costs would be fully borne by that country. Moreover, 18 
of the CBCA decisions assumed some level of CEF fund-
ing, thus allocating only part of the overall costs of the 
PCIs among the involved jurisdictions. However, in two 
of these cases no grant was allocated and in other six cases 
the allocated grants were lower than what was assumed by 
the national regulators in their CBCA decisions.

In 2013 and again in 2015 ACER adopted recommen-
dations on CBCA in which it proposed that CBCA de-
cisions envisage cross-border compensations only when 
and to the extent that, without such compensation, a 
jurisdiction would face negative net benefits from the 
project. The compensation would therefore aim only at 
covering the net costs (costs in excess of benefits) faced 
by one or more of the jurisdictions involved in the pro-
ject. This was a well-justified approach in the early days 
of the implementation of the TEN-E Regulation, as it 
limited the use of the new CBCA instrument to those 
cases for which it was essential for enabling the PCIs. 
Now, eight-year and close to 50 CBCA decisions later, it 
seems appropriate that CBCA decisions are also used to 
allocate the net benefits more evenly across the involved 
jurisdictions. This would provide incentives for all in-
volved jurisdictions to promote a speedy implementation 
of the PCI, the more so the more beneficial the project 
is. Therefore, in the context of the revision of the TEN-E 
Regulation launched by the Commission in 2020 (Eu-
ropean Commission, 2020b), the Florence School of 
Regulation (FSR) and the Copenhagen School of Energy 
Infrastructure (CSEI) issued a Policy Brief in which, in-
ter alia, they recommended that “CBCAs should not only 
avoid a jurisdiction facing negative net (welfare) benefits, 
but instead should allocate costs in such a way that all the 
jurisdictions involved end up with the same or similar ben-
efit-to-cost ratios” (Florence School of Regulation, 2020).

The revision of the TEN-E Regulation

The revision of the TEN-E Regulation proposed by the 
Commission takes into account the shifted focus of ener-
gy policy in the EU and its implications for infrastructure 
development. Alongside the geographical integration of 
markets, which has been substantively achieved in the 

last years, going forward the objective of network devel-
opment would be to enable smart sector integration, in 
particular among the electricity, the gas and the nascent 
hydrogen sectors. Therefore, the Commission proposed 
to shift the focus away from gas infrastructure (which 
should be no longer eligible for PCI status), and towards 
hydrogen infrastructure and electrolysers, as well as gas 
smart grids. Hydrogen is considered the molecular en-
ergy carrier of the future, especially if produced through 
processes using renewable energies. The Commission 
proposed that, in order to be eligible for PCI status, pro-
jects meet a mandatory sustainability criterion, specified 
in different terms for the different infrastructure catego-
ries. This is to support the energy transition towards the 
goal of carbon neutrality by 2050, to which the EU has 
committed, and the ambitious intermediate energy and 
climate targets set for 2030.

The Commission also proposes that CBCA decisions 
allocate the full costs of PCIs, so that the impact on 
network tariffs in the different jurisdictions could be as-
sessed. This would allow CEF funding to be targeted to 
address affordability issues, even though the Commission 
is not explicit on this. A similar suggestion was formulat-
ed by the FSR and the CSEI in their contribution to the 
Commission’s consultation, where they considered that 
dealing with affordability issues is likely to be the best 
use of CEF funds, since non-monetisable or even poorly 
quantifiable benefits do not justify EU financial support 
since, at a national level, they have been dealt with by 
regulation for many years without any major problem.

Great emphasis in the Commission’s proposal is also giv-
en to the development of offshore infrastructure. Offshore 
wind-based electricity generation has the greatest poten-
tial to support the increased electrification of the econo-
my and the production of renewable hydrogen (through 
electrolysers). While cooperation among countries on the 
shores of each sea basis and integrated network planning 
at the sea-basin level are envisaged, the proposal does not 
seem equally to stress the importance of the integration of 
on-shore and off-shore network planning. However, the 
Commission’s proposal does require the gas TYNDP also 
to include hydrogen networks, although it misses the op-
portunity to prescribe a cross-vector approach to network 
planning covering (at least) electricity, gas and hydrogen 
infrastructure. This is even more important considering 
the need to identify the best locations for power-to-gas 
facilities, which should take into account the needs of the 
electricity system, the capability of the gas and hydrogen 
systems and the demand for hydrogen.
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The future hydrogen network

An emerging issue in energy infrastructure planning is 
whether and when a backbone hydrogen network will 
be needed to support the development of the hydrogen 
sector and the extent to which parts of the current gas 
network could or should be repurposed to transport hy-
drogen. At present hydrogen is produced and consumed 
within industrial clusters, and therefore transported 
through local private networks.

In its Hydrogen Strategy (European Commission, 
2020a), the Commission considers that “to harness all the 
opportunities associated with hydrogen, the European Un-
ion needs a strategic approach” and that “EU industry is 
rising to the challenge and has developed an ambitious plan 
to reach 2x40 GW of electrolysers by 2030”, where 40 GW 
will be installed in Europe and the remaining 40 GW will 
be located in Europe’s neighbourhood with the export 
of hydrogen to the EU. With this electrolyser capacity, 
the Commission expects a “production of up to 10 million 
tonnes of renewable hydrogen in the EU”. This however im-
plies a high rate of utilisation of the electrolysers. In fact, 
the actual utilisation rate of electrolysers in the future is 
highly uncertain and it will critically depend on the rules 
which will be put in place to ensure the “additionality” 
of the renewable electricity used by such installations in 
order for the produced hydrogen to be considered as “re-
newable”. Additionality is the requirement that the re-
newable electricity used by the electrolyser be “addition-
al” to what would be produced and consumed anyway to 
meet the renewable penetration target in final electricity 
consumption. Even assuming a notion of additionality 
which allows a high rate of utilisation of electrolysers, 
40GW of electrolyser capacity would produce in the or-
der of 4-5 million tonnes of renewable hydrogen. This 
is roughly half of the current consumption of hydrogen 
as a feedstock. It is moreover expected that some of the 
facilities currently producing hydrogen through methane 
reforming will be retrofitted with carbon capture and 
storage/use technologies, so they will be able to produce 
low-carbon (blue) hydrogen. This production will most-
ly serve current consumption needs – which hydrogen 
mainly been used as a feedstock – and therefore it is un-
likely to require additional dedicated infrastructure, at 
least not to a large extent and unless import from neigh-
bouring countries starts to play a sizeable role. 

For 2050, the Commission, in its Hydrogen Strategy, 
refers to projections of 500 GW of electrolyser capacity. 
This capacity could realistically produce up to 40-50 mil-

lion tonnes of renewable hydrogen a year. The demand 
to absorb this additional production is also highly un-
certain. Beyond the use of hydrogen as a feedstock, its 
role as an energy carrier will compete, in most uses, with 
increased electrification. At the moment, it is envisaged 
that hydrogen will replace natural gas as an energy vector 
in those processes hard to electrify, usually referred also 
as “hard to decarbonise”, but it is likely that, by the time 
the energy transition takes pace (after 2030), advances 
in electricity-based technologies will have increased the 
usage of electricity also in these processes.

These considerations illustrate that it is still far from 
obvious at which rate hydrogen demand could and will 
develop in the years to come, and which levels it will 
reach. The development of the hydrogen network should 
assist the expansion of the sector, however avoiding that 
over-development of the transport infrastructure be-
comes a burden. 

At the same time, gas demand in Europe will gradually 
decrease and the volumes of gas transported in the Euro-
pean gas network shrink. Some pipelines will no longer 
be necessary to transport gas and might become avail-
able for repurposing to transport hydrogen. For exam-
ple, a group of 23 European gas TSOs, in their European 
hydrogen infrastructure vision covering 21 countries of 
April 2021 (Creos et al, 2020) envisage the development 
of a 40,000km hydrogen backbone network by 2040, 
mostly comprising repurposed gas pipelines.

However, care should be taken that the development of 
the hydrogen network is not driven by the availability of 
disused gas pipelines, but rather by the demand for hy-
drogen transport services. In this respect, the geograph-
ical spread of hydrogen production and consumption 
becomes relevant. In the case of gas, mostly imported 
from outside the EU, a long-range backbone network 
was clearly necessary to connect the external gas sources 
to internal consumption points. In the case of hydrogen, 
internal production might be able to serve most, if not 
all, of the demand and it might well be that most Mem-
ber States will (want to) enjoy a fairly balanced hydrogen 
demand and supply. If this were the case, the need for a 
trans-European hydrogen network might not emerge as 
soon as some stakeholders suggest. 
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