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This reporT presenTs and discusses the concept of energy systems
integration (esi). The European Commission defines esi as “the
coordinated planning and operation of the energy system ‘as a whole,’
across multiple energy carriers, infrastructures, and consumption
sectors.” The idea is that a holistic view of the energy system would
better capture the economies of scope among different energy carriers
and lower transaction costs and the climate impact of the energy
system. However, to date, few esi initiatives have been observed on a
large scale. The report discusses several potential barriers for why that 
might be; for example, high cost of technologies, insufficient 
risk-reward ratios, the lack of coordination between grid users, and the 
unavailability of publicly accessible data. In conclusion, the report 
shows that the current regulatory frameworks in the eU do not 
sufficiently stimulate esi investments. Only through a proper design of 
incentives will esi be adopted.
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“The energy sector has become 
the main target of 
decarbonization efforts.”

EU climate targets and  
the energy sector
Climate change is the great challenge 
of our time. To this end, the European 
Union has adopted binding targets for 
2030 to reduce emissions by at least 55 
percent compared to 1990 levels. 
Beyond this lies the goal of reaching a 
carbon-neutral economy by 2050, in 
line with the trajectory set by the Paris 
Agreement.1 

The energy sector has become the 
main target of decarbonization efforts, 
as it is responsible for about 45 percent 
of global Co2 emissions, more than any 
other sector.2 To this aim, the Euro-
pean Commission’s Energy Roadmap 
2050 projects that 97 percent of elec-
tricity generation will come from 
renewable energy sources (res) by 
2050, compared to 30 percent in 2016. 
Rapid technological advances in renew-
able energy sources, including electric 
batteries, smart grids, heat pumps, and 
renewable fuels, form the foundation of 
this transformation. According to the 
International Energy Agency, in most 
of the world, photovoltaic (solar) 
power is today the cheapest source for 
new electricity generation.3 Neverthe-
less, a combination of all these factors 
has made the transition from fossil fuels 
more plausible. 

However, energy systems through-
out Europe are not ready to deliver a 
climate-neutral economy in their cur-
rent state, as they are built on indepen-
dent vertical value chains where each 
energy resource drives a specific end-
use sector (e.g., oil for transport and 
coal for electricity generation in some 
central and southern eU countries).4 
This approach causes inefficiencies of a 
technical and economic nature, as each 
energy vector (i.e., electricity, gas, and 
heat) is managed independently.5 

A holisTiC view of The  
enerGY sYsTem
Energy systems integration (esi) – also 
known as sector coupling or smart 
energy integration – is a paradigm that 
adopts a holistic view of the energy sys-
tem so as to take advantage of the syn-
ergies that exist within it. While this 
concept is not new – especially in its 
formulation of sector coupling – there 
is a degree of variation in its meaning 
and scope throughout the literature, 
ranging from the exclusive use of excess 
renewable electricity to more holistic 
views of entire energy systems.6 In the 
Energy System Integration Strategy, 
the European Commission defines esi 
as “the coordinated planning and opera-
tion of the energy system ‘as a whole,’ 
across multiple energy carriers, infra-
structures, and consumption sectors.” 
The goal of adopting esi is to provide a 
clean, secure, and reliable energy sys-
tem at the lowest cost, enabling the 
transition toward climate neutrality and 
fostering consumer participation in the 
market. The role of esi for the future 
of the eU energy sector is also high-
lighted by the recent Ten-Year Network 
Development Plan (TYnDp), a joint 
report by the association of eU energy 
transmission operators (the European 
Network of Transmission System 
Operators for Electricity, enTso-e, and 
the European Network of Transmission 
System Operators for Gas, enTsoG).7 
In writing this report, enTso-e and 
enTsoG worked together to develop 
scenarios that will guide decisions on 
infrastructure investment to enhance 
the integration of the European energy 
market. esi plays a role in these scenar-
ios, as the report stresses the impor-
tance of conversion technologies (such 
as power-to-gas) and the interaction 
between electricity and gas systems. 
The need to adopt an approach that 
takes into account the whole system 
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was also recognized in recent regula-
tory debates, though this approach 
mainly focused on the electricity sector, 
ignoring the interplay between sectors.8

While much progress has been made 
from both a technological and a policy 
perspective, esi requires a paradigm 
shift, including extensive institutional 
changes, to drive its adoption. This 
report outlines some of the current 
barriers to esi enactment and proposes 
policy interventions to address them. 

from silos To CirCUlAriTY
Traditionally, in most eU countries, the 
energy sector is thought of as being 
formed by parallel vertical value chains, 
each with its own rules and markets. 
Within each energy vector (i.e., elec-
tricity, gas, and heat), a specific source 
of energy satisfies the consumption 
needs of a different end-use sector. 
However, this approach neglects the 
relevant economies of scope and the 
possibility to increase cost efficiency 
through tighter coordination of grid 
users. By looking at the whole energy 
system, esi identifies the ways in which 
these synergies can be exploited to 
increase the flexibility of the system. 
Figure 1 provides an immediate idea of 
an integrated electricity, gas, and heat 
energy system.
 › First, a focus on efficiency and circu-

larity, prioritizing the least energy- 
intensive source, converting waste 
streams to energy uses, and exploit-
ing cross-sectoral synergies. Exam-
ples of this are the reuse of waste heat 
from industrial processes and the use 
of cogeneration to produce both 
heat and electricity. 

 › Second, an increase in the electrifica-
tion of end-use sectors; that is, the 
residential, commercial, industrial, 
and transportation sectors. Examples 
of this are the use of power-to-heat 
technologies such as heat pumps for 

residential heating or the diffusion of 
plug-in electric vehicles. 

 › Third, the substitution of fossil fuels 
with low-carbon and renewable fuels 
where electrification is not viable 
(due to technological or economic 
limitations). Examples of this are the 
use of fuels from biomasses or the 
generation of hydrogen or methane 
from renewable energy through 
power-to-gas. 

On top of these three aspects, there is a 
focus on greater consumer participa-
tion in energy supply through distrib-
uted generation9 and in providing flexi-
bility; for example, through demand 
response.

The expected outcome of this inte-
gration is a push toward the decarbon-
ization of the energy system, an 
increase in energy efficiency, strength-
ening the competitiveness of the Euro-
pean economy through the promotion 
of innovation, greater flexibility 
throughout electrical grids, higher 
resilience and security of supply, and an 
increase in consumer empowerment. 

However, all this poses challenges 
from a regulatory perspective, which 
we will analyze in the following sec-
tions. Moreover, energy system inte-
gration is a gradual process that must 
take into account each country’s char-
acteristics, such as its energy systems 
and sources, regulatory framework, 
market structure, and infrastructure.10

An example of esi in action is the 
German WindnoDe project. Table 1 
provides a description.

Technologies for the inte-
gration of the energy system
Energy system integration relies on the 
adoption of various technologies that 
enable the interconnections between 

Table 1: The WindNODE project.*

* Sources: BMWi (2016); Graebig & Wolfram 
(2021); WindNODE (2021a, 2021b).

WindNODE is a large project that ran in Germany 
from 2017 to the beginning of 2021, uniting five 
states in the northeast of the country plus Berlin, 
with the participation of more than 70 partners. The 
project had a budget of €66 million, €37 million of 
which was granted by the Ministry for Economic 
Affairs and Energy (BMWi) under the SINTEG funding 
program.

The aim of the project was to efficiently integrate 
large volumes of renewable energy – especially solar 
and wind – while ensuring the stability of the power 
grid. By combining the electricity, mobility, and heat 
sectors, the project exploited the flexibility at the 
industry, commerce, and residential levels with the 
aim of providing an energy system that works 
irrespective of the energy source. WindNODE 

offered an ICT platform enabling the coordination of 
generators, consumers, grids, and markets. It also 
allowed the exploitation of flexibility options such as 
movable industrial loads, power-to-heat and cooling 
systems, and electric mobility. 

WindNODE served as a smart energy showcase, 
highlighting the possibilities and the challenges of 
transitioning toward a future energy system for 
Germany and beyond. Grid operators and market 
participants involved in the project shared their 
experience in the provision of new flexibility options, 
analyzed German regulatory and legal frameworks, 
and assessed the technical flexibility potential in the 
project region. They reported that scalability was 
limited by the fact that present German regulations 
do not adequately support flexibility in the system.
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Table 2: Main technologies that enable ESI,  
including their cost structure.

Technology Cost Structure

Information and communication technologies

Smart grids (SGs) High capital costs.

Storage technologies

Electric batteries (EBs) High capital costs, relevant cost reduction in the last ten years.

Power-to-gas (P2G) High capital costs, uncertain economic viability.

Conversion systems

Combined heat and power (CHP) High capital costs.

Power-to-gas* High capital costs, uncertain economic viability.

Power-to-heat (P2H) High operative expenditures.

* By converting electricity into gas – that is, an 
energy source that can be easily stored – P2G can 
be considered both a form of storage and a 
conversion technology. 

different grids. The adoption of this 
approach calls for a technology-neutral 
approach. The Directorate-General for 
Competition (DG Comp) of the Euro-
pean Commission suggests that incen-
tives to innovate should not favor one 
technology over another,11 arguing that 
technology-neutrality will allow the 
market to select the “best” innovative 
solution to adopt without further 
interventions from regulators.12 How-
ever, as noted by the DG Comp, tech-
nology-neutrality should not lead to 
the adoption of cheaper or more 
mature solutions while postponing 
investments in costly but promising 
technologies. 

Table 2 offers a schematic classifica-
tion of the key technologies and char-
acterizes them according to their cost 
structure.13 I will briefly describe the 
main characteristics and economic 
properties of these technologies in the 
following paragraphs. 

informATion AnD CommUniCA-
Tion TeChnoloGies
Smart grids are the backbone of an 
interconnected grid.14 The European 
Commission defines a smart grid as “an 
electricity network that can cost effi-
ciently integrate the behaviour and 
actions of all users connected to it – gen-
erators, consumers and those that do 
both – in order to ensure economically 
efficient, sustainable power system with 
low losses and high levels of quality and 
security of supply and safety.”15 Smart 
grids transform the interactions within 
and across energy networks to enable 
user coordination, smart network man-

agement, consumer participation, and 
synchronization among energy and 
non-energy networks (e.g., telecom-
munications and transport). This facili-
tates the collection of generation and 
consumption data that can be used to 
balance supply and demand within a 
network and enhance the stability of 
the energy system. 

Since smart grids connect different 
energy networks, they lower trans-
action costs and provide efficient net-
work management. Furthermore, a 
better synchronized energy system 
enables the use of conversion technolo-
gies, such as combined heat and power 
or power-to-gas, and allows for a price-
driven choice of the energy mix, which 
improves the affordability of the system 
as a whole. If the information collected 
via smart grids is made publicly avail-
able, it can increase competition and 
lead to the emergence of new business 
models in the energy industry.16 While 
smart grids are a capital-intensive tech-
nology, standardization may play a role 
in decreasing initial investment costs.17

enerGY sTorAGe TeChnoloGies
Energy storage can be provided 
through several technologies; promi-
nent examples are electric batteries and 
power-to-gas. What they have in com-
mon is that storage technologies are a 
fundamental complement to distrib-
uted generation, allowing the storage 
of excess renewable energy at times of 
high production and low demand and 
retaining its viability for periods when 
production is low and demand is high. 
Consequently, they decouple the sup-
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ply and demand of energy and reduce 
the dependency of the electricity grid 
on traditional generators, which are 
typically fossil fuel-based. While 
pumped hydro storage in 2016 
accounted for about 95 percent of elec-
trical storage,18 electric batteries are the 
technology with the highest potential 
to revolutionize the accumulation of 
electricity. While their large-scale adop-
tion has been limited due to high capi-
tal expenditures, the last ten years have 
seen a cost reduction of about 85 per-
cent.19 Future prospects for this tech-
nology appear promising, with esti-
mates of a further reduction in capital 
costs by 40 to 50 percent compared to 
2019 levels by 2040.20 

Conversion sYsTems
Conversion systems provide flexibility 
within the energy system in two ways: 
first, they increase the degree of substi-
tutability of energy sources with 
important implications in terms of the 
energy security and cost efficiency of 
the energy system; second, converting 
from electricity to another source can 
provide a form of storage. Conversion 
systems include both well-established 
technologies, such as Chp, and new 
ones such as power-to-gas. The degree 
of interconnection within grids may 
very well depend on the development 
of these technologies and on their eco-
nomic prospects, which for power-to-
gas are still uncertain.21 

A schematic view of energy 
systems integration
Figure 1 provides a visual representa-
tion of an integrated energy system, 
where each energy vector produces 
energy from renewable energy sources, 
while technologies such as storage and 
conversion systems provide the inter-
faces between networks, and informa-
tion and communication technologies 
act as the enabler.

Energy systems integration can hap-
pen at the vertical or horizontal level, it 
can involve various stakeholders (such 
as generators, network operators, 
retailers, and consumers) within and 
across sectors, and it can be further 
classified as organizational, operational, 
or physical. To provide some examples: 

From an organizational perspective, 
activities traditionally performed by 
multiple grid actors must be performed 
by a single entity. This allows the 
exploitation of economies of scope and 
synergies. At a vertical level, an example 
of this kind of integration is self-con-
sumption, where the generators and 
final users are one and the same. At the 
horizontal level, this could be repre-
sented by multi-utilities operating in 
different sectors.

From an operational perspective, 
transaction costs are lowered, and coor-
dination increases among grid actors 
through stronger interconnection and 
the use of more flexible options. At a 
vertical level, an example of this kind of 
integration is the provision of ancillary 
services through the use of electric bat-
teries. At a horizontal level, it could be 

 18. World Energy Council (2016).
 19. Bloombergnef (2019).
 20. ieA (2020b).
 21. See Baumann et al. (2013); Budny 

et al. (2015); and Schiebahn et al. 
(2015) for assessments of the 
economic viability of this 
technology.

Figure 1: Integration across and within 
energy networks. 
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represented by avoiding the curtail-
ment of excess renewable electricity 
through its power-to-gas conversion.

From a physical perspective, 
cross-sectoral infrastructure planning 
and deployment minimize total invest-
ment and operating costs (such as the 
scenarios described by the TYnDp).

Barriers to esi adoption
Although various eU countries have 
run small-scale esi pilots, medium- to 
large-scale projects are rare, and the 
WindnoDe project (described in Table 
1) is more of an exception than the 
rule.22 This lack of investment can be 
attributed to the significant transforma-
tion of the energy sector that esi 
requires. As such, it needs to overcome 
a variety of economic and institutional 
barriers that today limit its adoption. 
While some of these may be overcome 
naturally as esi technologies mature, 
others will require direct policy inter-
ventions. By using the most recent eco-
nomic and technological literature as 
well as our knowledge of energy mar-
kets, my colleagues and I23 classify these 
barriers as follows:
1. Cost of technologies
2. Intrinsic risk of innovation
3. Coordination between grid users
4. Access to data
5. Consumer receptivity and acceptance
6. Role of regulators
7. Behind-the-meter behavior
8. Current organizational constraints of 

national regulatory authorities 

The first barrier, the cost of these tech-
nologies, reflects both the capital- 
intensive nature of certain technologies 
(e.g., combined heat and power) and 
the fact that others are still at an early 
stage of their lifecycle (e.g., electric bat-
teries). The resulting high adoption 
cost can limit their diffusion and may 
be of particular concern to consumers.

The second barrier, the intrinsic risk 
of innovation, relates to the risk-averse 
nature of firms in the energy sector, 
which can limit the diffusion of esi 
technologies. This aversion applies in 
particular to technologies perceived as 
risky both in terms of economic viabil-
ity and consumer acceptance.

The third barrier, coordination 
between grid users, reveals the need for 
network operators and grid users (i.e., 
generators, retailers, consumers) that 
can coordinate among themselves to 
deliver savings to the whole system. 
While this may appear trivial, what is 
optimal in terms of whole-system costs 
is not necessarily so for specific actors, 
which may lack the incentives to adopt 
esi-enabling solutions. This could be 

the case for distribution system opera-
tors, which will have to deal with the 
added complexity of managing an inte-
grated grid with multi-directional flows 
of energy and widespread distributed 
generation. The diffusion of plug-in 
electric vehicles will make this barrier 
even more relevant.

The fourth barrier, access to data, 
indicates the need to make grid data 
available so as to allow new business 
models to emerge and to facilitate the 
optimization of the entire system. 
Indeed, every field experiment in any 
country could provide interesting 
insights for the wider adoption of the 
esi approach. At the same time, data 
disclosure could be limited by both pri-
vacy concerns (e.g., consumer data) 
and a lack of incentives on the part of 
grid users (e.g., distribution system 
operators not wanting to share grid 
information with aggregators). 

The fifth barrier, consumer accep-
tance, refers to the resistance that esi 
adoption may elicit from consumers if 
some of its enabling technologies and 
schemes are perceived as too intrusive 
in terms of privacy or control. An 
example of this could be demand 
response, where consumers may not 
respond favorably to partially forfeiting 
control to the distribution system oper-
ator regarding when they may use some 
of their appliances. Furthermore, con-
sumer resistance could follow if invest-
ments for the transformation of the 
energy system lead to higher tariffs but 
do not produce immediate or apprecia-
ble consumer benefits.

The sixth barrier, the role of the reg-
ulator, derives from the important deci-
sions that the regulator should take in 
setting the boundary between regu-
lated activities and the market. Exam-
ples of these challenges are the role that 
should be given to distribution system 
operators in the roll-out of plug-in 
electric vehicle charging stations or the 
degree of freedom in the ownership or 
operation of storage systems.24

The seventh barrier, behind-the- 
meter behavior, illustrates the risks of a 
scenario where self-consumption from 
prosumers25 could push distribution 
system operators to go off-grid, result-
ing in an infrastructure that becomes 
more expensive to maintain. As 
self-consumption increases, prosumers 
would contribute less to network costs 
through network charges. This could 
result in higher network charges for 
consumers, as the fixed costs to be cov-
ered would remain unchanged. This, in 
turn, could lead to a self-sustaining 
cycle as going off-grid would become 
more appealing, leaving consumers 
who cannot become prosumers with an 
energy system that grows increasingly 

 22. Cambini, Congiu, & Soroush 
(2020).

 23. Cambini et al. (2020)
 24. Ceer (2019).
 25. Individual or organization that is 

both producer and consumer.

 
“esi adoption face a 
variety of economic and 
institutional barriers. 
Some of these may be 
overcome naturally as 
technologies mature, 
others will require direct 
policy inter ventions.”
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more expensive.
The eighth barrier, the current orga-

nizational constraints of national regu-
latory authorities, acknowledges the 
lack of resources and disposition on the 
part of regulatory authorities. Typically, 
energy sectors have been regulated 
independently. However, esi requires 
cohesive interventions that affect the 
whole system. 

Policies to bridge the gap
While the obstacles to a successful 
energy transition are many, policy 
action at both the national and eU lev-
els can successfully address them. Table 
3 provides an overview of select policies 
that are targeted to overcome the pre-
viously discussed barriers. Each policy 
is categorized according to the targeted 
stakeholders and its intended effect. 

inCenTives To sTimUlATe inno-
vATion AnD invesTmenT
r&D grants represent one way to over-
come the limitations to investments in 
innovation attributable to its public 
good characteristics. By covering costs 
fully or partially (according to the 
development stage), this type of finan-
cial incentive enables investments in 
technologies that are not yet commer-
cially viable, and it helps them to 
advance toward maturity. Investment 
grants work similarly, but they target 
innovative commercial projects by low-
ering the payback requirement. As a 
result, they incentivize pilot projects, 
which can then lead to market-ready 

solutions. Alternative measures with 
similar results are low-interest loans. 
Such measures are useful where a tech-
nology is already commercially viable, 
but its high investment costs limit its 
adoption.

TAxes, levies, AnD sUbsiDies
An integrated energy system entails a 
high degree of substitutability among 
energy sources. However, high electric-
ity prices – often resulting from taxes 
and levies – risk making fossil fuels 
appear more appealing. Modifying 
taxes and levies on energy resources 
could appropriately address these con-
cerns. At the eU level, greenhouse gas 
emissions charges on the use of substi-
tute energy sources are needed to level 
the playing field between electricity and 
fossil fuels in terms of costs. In fact, 
while electricity consumption is either 
directly or indirectly subject to Co2 
payments, often fossil fuels are not 
taxed accordingly (e.g., natural gas), or 
they are subject to a carbon tax that is 
inappropriately low. Appropriate taxa-
tion could guarantee that the energy 
source price provides an adequate sig-
nal to switch to more sustainable 
energy sources.26 

Aside from carbon taxes, reducing 
existing taxes and levies on electricity 
would also increase the consumption of 
cleaner energy and incentivize the 
adoption of power-to-x solutions. This 
aspect is key for countries with high 
electricity prices due to their generation 
structure (such as Italy). In other coun-
tries, this problem may be less relevant, 
as the gap in electricity prices among 

 26. An example of this is provided by 
Sweden, the second country in the 
world to introduce a carbon tax. It 
covers about 40% of national 
emissions and rates as the highest 
carbon tax rate in the world 
(Government Offices of Sweden, 
2021).

Policy Targeted Stakeholder Effect

Research and development grants Generator/aggregator Enable the realization of projects 
in areas where they are not yet 
commercially feasible

Investment grants Final user and generator Lower investment costs

Modification of taxes and levies Final user and generator/
aggregator

Make cleaner energies and 
technologies more competitive

Reduction of existing taxes and 
levies on electricity, including 
self-consumption

Final user Make cleaner energies and 
technologies more competitive

Production premiums and feed-in 
tariffs

Final user and generator Make investment more attractive 
through financial support for the 
energy produced

Increase of allowed hydrogen 
infeed to natural gas grids

Generator Extend the opportunities for 
power-to-hydrogen investments

Opening of ancillary markets Final user and aggregator Increase revenue sources for 
flexible technologies

Modifications to the distribution 
system operator’s regulation

Distribution system operators Align incentives across the grid 
and foster adoption

Greenhouse gas emissions 
charges on the use of substitute 
energy sources

Various Make cleaner energies and 
technologies more competitive

Table 3: Overview of selected policies (PLANET, 
2021).
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eU member states is substantial.27 
Moreover, reducing taxes and levies 
would address the issue of double bur-
dens, where both the primary and con-
verted energy sources are taxed (i.e., in 
power-to-heat, if both electricity and 
heat are subject to taxes). This decision 
would also properly compensate pow-
er-to-x investors for the positive impact 
on the energy system caused by the 
reduced need for network enhance-
ments. Similarly, exempting prosumers 
from some of these charges could spur 
adoption. If needed, lost revenues from 
levies and taxes could be recovered 
through general taxation, decoupling 
them from energy consumption.28 

feeD-in-TAriffs AnD premiUms
Feed-in tariffs are an energy-supply pol-
icy aimed at supporting renewable 
energy generation by offering long-
term purchase agreements at a fixed 
tariff. Production premiums (also 
called feed-in premiums) resemble 
feed-in tariffs with one key difference: 
renewable generators sell their energy 
on the spot market and receive a pre-
mium on top of the market price. 
However, production premiums and 
feed-in tariffs address the same concern 
of an unbalanced cost of inputs (i.e., 
electricity compared to other fuels) by 
providing extra revenues to power-to-x 
operators and prosumers rather than 
reducing their costs. 

For example, increasing the allowed 
hydrogen infeed to natural gas grids 
could unlock the potential of power-
to-gas solutions (with electricity con-
verted into hydrogen rather than syn-
thetic natural gas). Further, mixing 
hydrogen with methane would avoid 
the need for investments in infrastruc-
ture (i.e., extra pipelines) and provide a 
way to store excess renewable energy 
that would otherwise be curtailed.29 
Determining the extent to which this 
injection in the gas grid is possible can 
help exploit the potential of this tech-
nology.

mArkeTs for AnCillArY serviCes
While today ancillary services are pro-
vided to a transmission system by con-
ventional generators, distributed 
renewable energy sources are required 
to provide system-support functions 
free of charge. Opening the ancillary 
services market to distributed genera-
tion at the distribution level can pro-
vide extra remuneration for investors 
and recognize their role in the energy 
system.30

ClArifYinG AnD moDifYinG 
responsibiliTY for neTwork 
operATors
While the policies discussed so far are 
aimed at unregulated actors, esi also 
requires the revision of regulations for 
network operators.31 Given the rele-
vance of this issue, we will discuss pos-
sible solutions more deeply, noting 
three possible directions: first, to limit 
the coordination problems along the 
supply chain; second, to incentivize 
innovation in the grids; third, to over-
come limitations where the market- 
based procurement of grid services is 
inefficient. 

Regarding the first goal, it is import-
ant to have data transparency and clear 
third-party access rules. Furthermore, 
increased coordination entails recog-
nizing and remunerating the new ser-
vices that network firms will have to 
provide to the system. Other solutions 
could include endowing independent 
system operators with the ability to 
operate the systems jointly at the bor-
der between transmission and distribu-
tion grids and having distribution sys-
tem operators take the role of market 
facilitators by either aggregating dis-
tributed generation bids in the whole-
sale market or supervising the prequali-
fication procedures.32 A final important 
measure is to decouple allowed reve-
nues from actual energy consumption 
(today ensured through network 
charges). This would ensure distribu-
tion system operators’ financial stability 
even in a scenario of increased self-con-
sumption.33 

Regarding the second goal, the adop-
tion of output-based regulation, a reg-
ulatory incentive scheme based on a 
total cost (ToTex) approach, and 
ad-hoc innovation schemes can 
together provide the needed incentives 
toward innovation.34 Moreover, requir-
ing network operators to adopt coordi-
nated development plans, which take 
into account both within- and 
cross-sector synergies, would push 
them to consider innovative solutions 
that lower the overall costs of energy 
systems. 

The adoption of an output-based 
incentive regulation approach is funda-
mental for the incentivization of this 
innovation. First developed in the Uk,35 
output-based regulation is highly effec-
tive in promoting efficiency while 
enabling the delivery of output mea-
sures that indicate a firm’s performance, 
such as network reliability, environ-
mental impact, quality of service, secu-
rity of supply, and the connection to 
decentralized generation. An out-
put-based scheme requires the regula-
tor to define output targets and, if well 
implemented, it should incentivize 

 27. Eurostat (2021a, 2021b).
 28. See Brännlund & Kriström (2020) 

for an example of such a proposal.
 29. Altfeld & Pinchbeck (2013).
 30. Oureilidis et al. (2020).
 31. Refer to Cambini et al. (2020) for 

a detailed analysis.
 32. Hadush & Meeus (2018).
 33. Cambini & Soroush (2019).
 34. Ceer (2018).
 35. Ofcom (2010) introduced the 

so-called riio model, which 
stands for Revenue = Incentives + 
Innovation + Outputs. Under 
riio, which took effect in 2013, 
network companies are subjected 
to an eight-year regulatory period 
where the regulator establishes 
ex-ante the outputs that network 
operators must deliver and the 
revenues they are allowed to earn 
if efficient. This revenue cap is 
adjusted yearly through 
performance and innovation 
incentives. The approach was 
revised in 2021 in order to further 
simplify price controls, shorten the 
regulatory review period (from 
eight to five years), and allow 
innovation stimulus through 
business-as-usual activities 
(Ofgem, 2020).
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operators to achieve these outputs at 
the lowest cost to customers. Operators 
are left free to decide how to achieve 
such targets, which are only reviewed 
by the national regulator at the end of 
the regulatory period. 

This method is preferable to an 
input-based approach, in which the 
national regulator focuses mostly on 
cost efficiency. Output-based regula-
tion may potentially minimize ineffi-
ciencies in the use of inputs – given the 
regulator’s asymmetry of information 
– since the firm is left free to take deci-
sions on the use of resources to meet 
output targets. Operators take advan-
tage of this flexibility through asset 
management and replacement strate-
gies, which may lead to significant effi-
ciency improvements. On the other 
hand, an output-based scheme may 
hinder cost efficiency by forcing the 
regulated firm to increase expenditures 
in order to meet the output targets set 
by the regulator. 

Regarding the third goal, ownership 
or operation of storage technologies, 
conversion systems or electric vehicle 
charging stations on the part of distri-
bution system operators are a sub-opti-
mal outcome and one that is currently 
inadmissible under unbundling rules. 
In fact, if a competitive market provid-
ing these services could emerge, having 
a monopolist take part in it would dam-
age competition. However, under very 
specific circumstances where mar-
ket-based solutions and third-party 
involvement would not lead to efficient 
outcomes (therefore on a per-case 
basis), ownership or operation of these 
technologies could be allowed. Such 
exceptions should be made only where 
it could be reasonably ensured that no 
distortion is caused to the market. In 
that case, clear rules should guide the 
identification of these situations and 
establish the scope of allowed actions 

for distribution system operators in 
terms of investment and ownership.

new reGUlATorY Tools:  
reGUlATorY sAnDboxes
A promising intermediate solution to 
modifying responsibility for network 
operators is through the use of regula-
tory sandboxes; that is, temporary 
exemptions from regulatory constraints 
and unbundling requirements for inno-
vative projects. Table 4 shows an exam-
ple of a regulatory sandbox used in 
Italy to allow the transmission system 
operator to own and operate storage 
systems. Many countries like the 
United Kingdom, Italy, Sweden, Den-
mark, and the Netherlands are using 
this approach in the energy sector. 
Through regulatory sandboxes, net-
work operators and other stakeholders 
can test particularly promising technol-
ogies by temporarily lifting selected 
rules. Thus, sandboxes provide the 
opportunity to try new goods, services, 
and business models in an environment 
that matches the real world but lacks 
some of its rules and regulations. The 
knowledge obtained from pilot projects 
can then be used to assess the impact of 
the technology once in the roll-out 
phase and to consider the need for per-
manent regulatory revisions. 

While regulatory sandboxes can pro-
vide an environment that incentivizes 
innovation by allowing investors 
greater freedom, the regulator needs to 
consider some delicate points during 
the implementation process. First, it 
needs to decide which regulations hin-
der innovation and thus should be 
lifted. Second, it needs to choose which 
projects should benefit from these 
exemptions and which actors should be 
allowed to implement them while 
avoiding discrimination among market 
players and damage to consumer wel-
fare. Third, it needs to establish the 

In 2013, ARERA – the Italian Authority of Energy, 
Networks, and the Environment – granted through 
the Energy Storage and Dynamic Thermal Rating 
initiative a derogation to the unbundling rules to the 
Italian transmission system operator, Terna, so as to 
allow it to own and operate electric batteries within 
the context of specific pilot projects. 

The aim of the initiative was to test the potential 
and efficiency of electric storage systems in 
managing the high voltage grid. Six pilots saw the 
installation of 210 MWh / 35 MW of energy-intensive 
storage in areas with extremely high wind energy 
penetration in the south of the country. Two pilots 
saw the installation of 16 MW power-intensive 

storage on the islands of Sardinia and Sicily to raise 
safety margins in the operation of the high voltage 
grid. Furthermore, Terna was required to install 
dynamic thermal rating applications in critical 
regions that saw the installation of energy-intensive 
storage to test which solution worked best to avoid 
congestion in the grid due to high wind energy. 

The regulator allowed for the award of 
supplemental remuneration on capital investments 
to the pilots, which had storage units capable of 
reaching a target level of avoided wind curtailment. 
After two years of operations, ARERA awarded this 
extra remuneration to one out of three storage 
projects.

Table 4: Derogation of unbundling rules within the 
Italian regulatory sandbox.*

* Source: AEEGSI (2013a, 2013b); IEA ISGAN 
(2019).

 
“Regulatory sandboxes 
constitute a promising 
intermediate solution.”



10

length of each project’s exemption 
period. 

In recent years, regulatory sandboxes 
have been intensely utilized in Scandi-
navian countries, especially on islands, 
because of their social and physical 
characteristics. In these places, tradi-
tional centralized ways of providing 
energy are progressively being replaced 
by distributed, heterogeneous, 
multi-directional, and smart energy sys-
tems. Several European projects have 
been developed on islands, and they 
deserve careful and widespread consid-
eration. For the majority, these endeav-
ors have been funded by empower, a 
Horizon 2020 project to empower 
local public authorities to build inte-
grated sustainable energy strategies.36 
One of the most important projects is 
Smart Energy Hvaler (seh), born in 
2013 as a partnership among Hvaler 
municipality, Fredrikstad Energi (fen), 
and Smart Innovation Norway. It is a 
distributed energy case study on Hvaler 
island. This site was perfect for putting 
into practice a regulatory sandbox: it is 
a small island with 5,000 inhabitants in 
the southeast of Norway, which has a 
weak connection with an old cable to 
mainland energy sources.

Concluding remarks
Changing the way people view the 
energy system and the road from silos 
to circularity is easy to point toward but 
harder to implement. This is evident 
just by looking at the institutional set-
tings: current eU institutions are them-
selves organized by the type of energy 
vector. What this report hopefully 
demonstrates is that new ways of view-
ing and organizing the energy system 
are needed, especially as the linear 
structure of producers and end-users 
gradually disappears. Yet, the speed at 
which we arrive at this destination will 
be heavily influenced by the right poli-
cies. Unfortunately, current regulatory 
frameworks in the eU do not suffi-
ciently stimulate esi investments, and 
only through the proper design of 
incentives will esi be adopted.
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