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Foreword

FOREWORD
The Danish Utility Regulator (DUR) has with this publication launched the first volume in DUR's Anthology Project Series on Better Regulation in the Energy Sector. The anthology project is conceived as a series
of volumes to be published every two years on one or more relevant themes. This year’s theme is Energy
Regulation in the Green Transition and how best to address the challenges that an ambitious transition poses
to our societies. The contributions in the anthology offer different and important perspectives on the urgent
matter of Energy Regulation in the Green Transition.
I believe it is important that we reflect on how regulation can be improved, and on the implications of the
Green Transition for regulation. Obstacles and challenges in existing regulation must be identified and
addressed in light of the political goal of ensuring a Green Transition. This means that we need to relentlessly consider whether the regulation is fit for purpose. Otherwise there is a risk that the Green Transition
becomes unnecessarily expensive for end-users and society in general.
In a broader sense, the aim of this project is also to foster inter-disciplinary discussions and encourage
reflection on regulatory approaches among practitioners, businesses, academics, government officials and
regulators alike. In this way, we hope that the anthology project will contribute to the on-going development of ideas to further improve the efficiency of the energy sector.
The anthology is a collection of academic contributions chosen by DUR under guidance from the editorial
team. The anthology is therefore not a DUR publication as such. It is important to stress that DUR – and
the editorial team, for that matter – do not necessarily share all of the opinions or agree with all of the
arguments expressed in the various contributions to the anthology. The authors of the articles bear sole
responsibility for their contributions.
The editorial team also had exciting, fruitful and at times animated discussions on more than one regulatory
topic. This was particularly true in relation to the importance of ownership for efficiency and the long-term
sustainability of the income-cap regulatory framework. This is also a subject that DUR has devoted some
attention to in our analysis of the Green Transition and Economic Regulation from April 2020, where we
argue that the income-cap regulatory framework adequately delivers on the regulatory challenges stemming
from the Green Transition.
Special thanks are due to Tooraj Jamasb, Henrik Lund, Peter Møllgaard and Birgitte Egelund Olsen, who
accepted the invitation to participate in the editorial team despite busy schedules. I would also like to thank
all of the authors who have contributed to this anthology.
The Florence School of Regulation (FSR) and the Copenhagen School of Energy Infrastructure (CSEI)
gracefully offered their cooperation in this project. Unfortunately, the planned physical seminars in Florence with FSR and in Copenhagen with CSEI had to be cancelled and replaced by a European book-launch
webinar hosted by FSR, due to the Covid-19 pandemic.

Carsten Smidt
Director-General
Danish Utility Regulator (DUR)
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Introduction

Introduction to Energy Regulation in the
Green Transition: An Anthology
Tooraj Jamasb, Henrik Lund, Peter Møllgaard, Birgitte Egelund Olsen and Carsten Smidt (eds.)

ABSTRACT
This article presents the background of the anthology on energy regulation in the green transition and the three overarching topics that the contributions to this volume cover. Part one on Regulation and Tariff Design discusses the importance of ownership, the relationship between innovation and regulation, and tariff design. Part two on Governance and Legal Aspects investigates the role of existing legal frameworks on the social
acceptance of renewable energy infrastructure and the revenue-cap regulatory framework. Part three on Investment Decision Frameworks offers a
critical analysis of methodologies and views on the role of the social discount rate and the valuation of environmental benefits. The introduction
concludes with a number of insights from the anthology of specific importance for the Green Transition.

1. INTRODUCTION
The Green Transition, or the society-wide effort to transform the way
economies produce, consume and trade goods and services, such that
environmental impact is mitigated or eliminated, is a well-established
concern on the political agenda. Throughout the past two decades, Europe has implemented policies and binding legal frameworks to deliver
on the commitments it has undertaken, such as the Kyoto Protocol
(1997) and the Paris Agreement (2016). More recently, Europe has
put forward a Green Deal,1 which aims to transform the continent’s
economy into an emission-neutral society by 2050, where economic
growth is decoupled from resource use by moving to a clean and circular economy, boosting the efficient use of resources, and recycling. In
accordance with the trajectory of achieving climate neutrality within
the energy sector, energy efficiency, energy affordability and security
of supply are the main concerns that must be taken into consideration.
The Green Deal has several objectives, which will require action from
all sectors within the economy in order to turn climate and environmental challenges into opportunities.2 In particular, objectives such as
investments in environmentally friendly technologies, supporting industries to innovate and decarbonizing the energy sector constitute the
core challenges for energy regulation in the Green Transition, which are
investigated in this anthology.3 The Green Deal also includes a framework for achieving EU climate neutrality and introduces an action plan

for each member state – a road map – with key actions to attain the
goals of the Green Deal as well as regular assessment of progress made.4
In Denmark, the Climate Act of 2020 establishes the goal of becoming
a net-zero emitter by 2050 at the latest, and sets the most ambitious
medium-term and binding climate goal of any country in the world.
That is, reducing greenhouse gas emissions by 70 per cent by 2030,
relative to 1990.5 In the first 30 years of this period (1990-2020), it is
estimated that Denmark will have reduced emissions by approximately
38 per cent, leaving approximately one-half of the remaining reduction
goal to be achieved within the next ten years.6 The Climate Act of
2020 also establishes new climate governance in Denmark, which is
described in section 3.1.

1.1	REGULATION OF THE ENERGY SECTORS
IN AN AMBITIONS GREEN TRANSITION:
IMPLICATIONS AND DILEMMAS
The Green Transition has far-reaching implications for all sectors of the
economy, and they are perhaps most visible in the energy sector. The
confluence of a technological shift, increasing efforts to couple energy
and related sectors, and the presence of organized markets and natural
monopolies, creates a unique set of challenges. Regulating energy util-

1 European Commission, 2019. The European Green Deal.
2 European Commission, 2020a. EU Green Deal: Actions and Priorities 2019-2024.
3 European Commission, 2020a. EU Green Deal: Actions and Priorities 2019-2024.
4 Florence School of Regulation. The European Green Deal.
5 The Danish Climate Act excludes emission reductions in international shipping and aviation. Aftale om klimalov.
6 From Klimarådet, 2020. Vejen til 70 pct. Reduktion.
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ities – electricity, gas and district heating – in the context of a highly
ambitious Green Transition, consequently poses a series of important
and unresolved issues, not only in Denmark but also in the European
Union and international society.

methods they use, the results they present and the claims they make.
The anthology is thus limited in its ability to provide unique answers
to all the questions that have been investigated, as well as to pose all
relevant questions worthy of further investigation.

In the face of an ambitious Green Transition, economic efficiency continues to be a valid regulatory objective as ever, but the focus is now
on nuancing and shifting the objective from being cost-efficient to being cost-effective. However, traditional models of economic regulation
incentivize regulated utilities to prefer capital investments over operational expenditures in novel operational and network management
strategies, although these can be more efficient from both an economic
and environmental perspective. Without proper adjustments to the
regulatory frameworks for utilities, there is a risk of overinvestment
leading to stranded assets, to be borne by energy end users. At the same
time, underinvestment in modern network assets and innovative solutions can come at a high economic and environmental cost. The existing models of economic regulation need to improve in order to rise to
the challenge: incentivizing utilities to innovate and invest in the Green
Transition, while ensuring cost-efficiency to the benefit of end users.

The collection of articles in this volume is organized according to three
overarching topics, around which the contributions revolve. Each of
these topics is introduced and discussed briefly, followed by a short
introduction to the individual contributions that fall under each theme
and key insights. Regulation and Tariff Design is the first such broad
topic, where ownership, the relationship between innovation and regulation, and tariff design for ambitious electrification are discussed.
The second topic, Governance and Legal Aspects, investigates the role
of existing legal frameworks on the social acceptance of infrastructure
and the income-cap regulatory framework. The important role of regulatory experimentation in light of the experience of several European
countries is also discussed here. The third topic addresses questions
relating to existing Investment Decision Frameworks employed by utilities in the Green Transition. With the aid of specific case studies and a
critical analysis of methodologies, this group of contributions presents
insights on the role of the social discount rate and the valuation of environmental benefits. While the organization of articles in the anthology
attempts to draw some clear-cut lines to facilitate the discussion, the
issues inevitably overlap.

The Green Transition also creates uncertainty with respect to the technological choices that individuals and utilities make, which in turn
poses the risk of creating adverse, long-term lock-up effects. The emergence of new business models in the energy sector also increases the
risks of emerging stranded assets, which could translate into losses for
the utilities and in turn for society as a whole.
Besides economic regulation, there is a broader array of regulatory issues, ranging from the governance and decision frameworks underlying
investment decisions to the social acceptance of energy infrastructure
that consumers experience. Creating trust in the technological aspects
of the Green Transition is among the key priority areas that regulation
must address. Indeed, much of the needed progress towards decarbonization of the energy and other sectors is contingent on advances in
(economic) regulation models.

1.2	ENERGY REGULATION IN THE GREEN
TRANSITION: ISSUES AND TRENDS
In light of these issues the present volume on Energy Regulation in the
Green Transition attempts to contribute novel, applicable knowledge
and possible answers as to what effective and efficient regulation should
be able to achieve. The present anthology is the first volume in the
Danish Utility Regulators’ series of anthology projects on Better Regulation in the Energy Sector.
As the regulatory authority has engaged in dialogue with academics
from diverse areas of specialization and schools of thought, it has given
rise to some inherently different perspectives. Rather than attempting
to agree on a single vision, the present anthology has embraced pluralistic perspectives that combine specific regulatory knowledge with a
broader understanding of issues and trends influencing the energy sector. Within this framework, the authors bear sole responsibility for the

7 CEER, 2019. Digitalisation, Decarbonisation and Dynamic regulation.

In light of the topics around which the present anthology revolves, the
editors have attempted to identify perspectives, dilemmas and open
research questions. In the identification and discussion of these perspectives, the Council of European Energy Regulator’s (CEER’s) 3D
Strategy (2019-2021) has been particularly inspirational. Its core elements: Digitalization in the Consumer Interest (D1), Decarbonization
at Least Cost (D2), and Dynamic Regulation: European Solutions for
Adaptive Regulation in a Fast-changing World (D3), have given the
editorial team orientation with respect to what may become best regulatory practices in an ambitious Green Transition.7

2. REGULATION AND TARIFF DESIGN
As owners and operators of the energy infrastructure, natural monopolies in the energy sector play a critical role in the Green Transition.
They are defined as such because they are the sole providers of services
that would otherwise be too costly for the society to produce under
competition conditions. In their capacity, natural monopolies must ensure the efficient and secure operation of complex networks of pipes,
cables, converters and many other assets, which secure the transmission
and distribution of electricity, gas, and district heating. They must also
decide on crucial investments that enable them to expand or reinforce
their asset base to meet future demands, to ensure medium and longterm security of supply.
In consequence, regulatory models exist to ensure that they provide a reliable service in a cost-effective way by mimicking the market outcome.
Considerations beyond economic efficiency, such as environmental
impact or innovation, that are relevant for the Green Transition, have
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not traditionally been at the centre of these frameworks. Adding to the
complexity of the task, under an ambitious Green Transition, network
utilities also need to make cost-efficient, green choices. Although, in
principle, network companies will not perform certain roles in the revised energy supply chain under an ambitious Green Transition, they
will still be required to meet increasing and novel challenges. For instance, electricity networks will have to be expanded and reinforced,
even if network companies do not actively participate as suppliers of
new infrastructure for electro-mobility and storage, as established in
the 2019 Clean Energy Package (CEP).
Gas networks may come to face similar or even greater challenges, as
an increasing amount of biogas is supplied at the distribution network
level, and the emergence of Power-to-X technologies and hydrogen
require either brand new or adapted infrastructure. In Denmark, for
example, biogas production accounted for 12 per cent of the total demand for gas in 2019,8 and the production of biogas is expected to
increase further over the coming years in parallel with a decline in consumption. At the time of writing, biogas production accounted for almost 25 per cent from January to October 2020. This development has
already resulted in the need to invest in the transmission network, to
manage local production during the summer when demand is very low.
Energy utilities face a common dilemma, which is also shared by the
societies in which they operate. The Green Transition is a pressing task,
as climate science reveals, but addressing environmental concerns is
costly. In the coming years and decades, regulation will play a central
role in decarbonization efforts, as the link between energy sector, economy, and the society. Advances and innovation in economic regulation
of infrastructure will therefore be as crucial as that of innovation in the
energy sector itself.
One of the most pressing dilemmas for regulation in the Green Transition is the urgent need for green, innovative investments but also
cost-efficiency in energy sector utilities. Without an effective regulatory framework, the Green Transition can easily become too costly
for consumers, as there is a risk that firms will overinvest. Conversely,
regulatory frameworks must not become a barrier that stands in the
way of the transition. Regulation must rather facilitate the transition,
yet existing frameworks do not seem completely fit for this purpose.
For example, revenue-cap regulation may assume a linear evolution of
expenses over a short to medium-term perspective, whereas the Green
Transition may involve non-linear expenses throughout a longer-term
period. What modifications to existing models of utility regulation will
work best, given the individual circumstances of EU member states?
Getting the regulatory framework right is also a subject to which the
Danish Utility Regulator (DUR) has devoted some attention. In its
analysis of the Green Transition and economic regulation from April
2020, DUR argues that the income-cap regulatory framework adequately addresses the regulatory challenges stemming from the Green
Transition. The analysis recommends that green investments be included in the revenue-cap regulatory framework via a supplement to the
revenue-cap, granted ex-post based on an application. For the application to be accepted, it must show that the investment contributes to

8 Forsyningstilsynet, 2020b. Markedsrapport for gas 2019 and own calculations.
9 Forsyningstilsynet, 2020a. Grøn omstilling og økonomisk regulering.
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the green transition, is cost-effective and is necessary. The disadvantage
of an ex-post application driven supplement is the administrative burden upon both the utility companies and the regulator. DUR argues
that the administrative burden should be regarded in relation to the
projected investments in the utility sectors, and that transparent communication and processes will ease this burden. DUR contends that
this disadvantage is outweighed by the accuracy of how the compensation matches the green investments made. Other approaches – e.g. the
use of an automatic indicator – greatly increase the risk of overcompensating the utility companies at the expense of the consumers. In
particular, an automatic indicator does not take into account specific
network conditions (e.g. the capacity available), but is rather an aggregate measure. In addition, this implies that an automatic indicator does
not take into account the heterogeneity of the utility companies. This
may lead to inefficient investments or overcompensation of the utility
companies, at the expense of consumers. DUR therefore makes the case
that other approaches entail a greater risk of overinvestment and could
jeopardize a cost-effective Green Transition.9
One specific question worth elucidating relates to the risks associated
with the ex-ante vis-à-vis the ex-post allowance for green investments
in regulated utilities. Understanding the trade-off between administrative regulatory burdens and the real possibility of overinvestment will
constitute valuable knowledge.
Another point of concern for the Green Transition is that tariff design
in all utility sectors, but in electricity in particular, appears to be outdated and to stand in the way of both sector coupling and electrification. Insufficient flexibility and an inadequate representation of cost
causation in the prices paid for the usage of networks, are among the
barriers that hinder the expansion of business models like distributed
Power-to-X. That is, facilities that intake power at various points in
the network to produce hydrogen, heat and flexibility services for the
distribution and transmission network. A tariff system that coordinates
distribution and transmission network charges with other surcharges,
such as taxes, would better reflect the “green” value of electricity and
the relative scarcity in networks and the wholesale market.
Tariffs that send reliable price signals to electricity network users are
usually described as the missing link to enable much-needed flexibility
in the Green Transition. Together with behavioural changes in residential and commercial electricity consumption, tariffs would mitigate the
need for some of the imminent green investments, ultimately favouring
both energy and cost efficiency. Cost-reflective tariffs are also vital for
the emergence of innovative business models, such as Power-to-X, and
as a principle to ensure a level playing field between different energy
carriers in a more integrated and cross-sectoral energy system. Nevertheless, there remains considerable work to be done with respect to
coordinating distribution, transmission and other surcharges, so they
send reliable signals to end users. Ensuring simplicity and transparency,
and finding the right mechanisms to trigger behavioural change are
other important issues to which there still are no satisfactory answers.
Perhaps surprisingly, the effect of consumer ownership on the price
efficiency of natural monopolies is not very developed in either nation-
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al or international economic textbooks or in the scientific literature,
despite its importance as an essential part of a governance system for
natural monopolies. The ownership influences the ability of the state
regulator to keep energy prices of large natural monopolies low. In the
case of consumer ownership, there is a shared motivation to decrease
consumer prices. While in the case of profit driven owners, the state
price regulator and the company regulated have directly opposing
price goals, and due to asymmetry of power and resources between
the regulator and the regulated, price regulation by the state regulator
is hampered.
DUR has also presented studies on what drives efficiency in the energy sector. In 2012, DUR examined the relationship between prices
and key characteristics for Combined Heat and Power (CHP) plants.10
The analysis presents several reasons for price differences. Among these
are the choice of fuel, location, size of the CHP plants (due to the
advantages of economies of scale) and ownership. However, DUR did
not find that the analysis provides evidence that suggests that efficiency
hinges on consumer ownership. In a more recent DUR analysis from
2020, the overall efficiency potential for the production and transportation of heating is analysed.11 The analysis shows that price differences
do not hinge on consumer ownership, but on the operation of the
CHP plants.12 The operation of the plants is the key contributor to
the occurrence of price differences across different types of ownership.
The analysis also concludes that implementing a different revenue-cap
regulatory framework will give the different CHP plants an incentive
to have more efficient operation in the future, and thereby secure the
lowest possible prices, for the companies as well as the consumers.13
The coexistence of different ownership models for energy utilities may
make it relevant to consider more flexible and customized regulatory models rather than a one-size-fits-all model without regard for the
characteristics of the ownership.14 The leadership of energy utilities
should be able to make decisions that benefit the company, its end
users and, by extension, the Green Transition. Independence and an
explicit requirement for active ownership may call for the application
of fit and proper rules, which account for the different forms of ownership and ensure sound corporate governance.
Other questions also follow from the ongoing reconfiguration of the
energy supply chain in light of the Green Transition. What is the
boundary between regulated natural monopolies and competitive
markets, particularly when activities are closely related? How can we
ensure that emerging business models evolve in both the competitive
and regulated segments of the supply chain? More generally, what are
the relevant regulatory principles for integrated, multi-carrier energy
systems and how should they be applied in practice?

2.1 C
 ONTRIBUTIONS ON
REGULATION AND TARIFFS
Chapter 1: Energy Network Innovation for Green Transition: Economic
Issues and Regulatory Options, by Tooraj Jamasb, Manuel Llorca, Leonardo Meeus and Tim Schittekatte, identifies innovation expenditure as
the key enabler for the Green Transition. However, the authors point
out a potential trade-off between the existing regulatory models for
network utilities and the insufficient expenditure on research and development (R&D) as the underlying reason for the slow uptake of new
technologies in energy networks. The primary focus on economic efficiency, together with reduced economies of coordination in unbundled
utilities may explain their preference for short-term over long-term
profitability. As part of the solution, Jamasb et al. argue that competition in energy network R&D and innovation is inefficient and suggest
the creation of an EU-wide collaborative innovation research fund for
energy networks. In addition, the authors suggest a ‘value-based’ approach to innovation funding, where the value of energy benefits is
perceived to be society-wide rather than sector-specific.
Chapter 2: Price efficiency, the green transition and channels for regulating natural monopolies: The case of power distribution system operators
(DSOs), by Frede Hvelplund, Finn Arler and Henrik Lunds analyses
the governance system of electricity DSOs in Denmark and its relationship to price efficiency and the Green Transition. Regarding price efficiency, the authors claim that regulating consumer-owned DSOs is an
inherently easier task for the regulator, as the incentives to attain lowest
possible prices between both parties are aligned. Regarding the Green
Transition, Hvelplund et al. highlight the fact that the role of DSOs is
undergoing a process of fundamental change, from that of a mere distributor to that of a coordinator in a smart energy system. In their view,
consumer-owned firms are best placed to drive a cost-efficient Green
Transition because their inherent incentive for cost-efficiency gains can
be used for both price reductions and for green projects.
Chapter 3: Consumer ownership of natural monopolies and its relevance
for the green transition: The case of district heating, by Søren Djørup,
Karl Sperling, Ole Odgaard and Henrik Lund, argues that under the
existing regulatory model for district heating in Denmark, cost efficiency hinges on consumer ownership. Based on a logical reasoning
framework, which accounts for acceptance and trust, the authors claim
that the incentive to reveal true cost information to a regulating entity
is only present when consumers directly own district heating utilities.
To prove their claim, the authors present empirical findings which
suggest that for-profit utilities systematically charge higher prices than
their consumer-owned counter parts. They complement their analysis
with empirical findings that upon divestiture of for-profit utilities to
consumers, district heating prices tend to decrease. Lastly, Djørup et
al. only mention the consumer ownership as being the sole cause of the
price differences.15

10 “Store forskelle i varmeprisen – Hvorfor?”, 2012, Energitilsynet
11 The different suggestions on efficiency align with the DUR analysis of March 2020: ”Økonomisk regulering og grøn omstilling”.
Efficiency optimization within the CHP plants can contribute to the green transition in the energy sector.

12 “Store forskelle i varmeprisen – Hvorfor?”, 2012, Energitilsynet
13 Since there are still district heating companies that use fossil fuels, that are expected to invest in climate-friendly production echnologies in the
coming years to replace the existing ones. The new framework can ensure this will be done appropriately in the most efficient way.

14 See, for example, Forsyningstilsynet, 2020. Effektiviseringspotentialet i fjernvarmesektoren.
15 The article by Djørup et al. is based on the DUR analysis from 2012. See section 2.1.
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Chapter 4: Electricity Tariffs in the Green Transition, by Nicolás Morell,
Jose Pablo Chaves and Tomás Gómez, is based on the pressing need to
rethink the methodologies used to design electricity tariffs in the face
of imminent electrification. Morell et al. differentiate among different types of costs and argue that network costs should be divided into
long-term incremental costs and residual costs. Based on a series of case
studies and international experiences, the authors show how the principles put forward can contribute to efficiently integrating the required
technologies for the energy transition. Morell et al.’s thinking on tariffs
evolves around digitalization, decarbonization and decentralization.
The first and last put the consumer in the centre of the energy transition. However, new technologies allow consumers to change consumption, self-produce and provide self-storage options, which the current
tariff design is not suited to coping with. This creates distortions across
the system, inevitably affecting the consumers. Moreover, the authors
believe that the consumer must become an active market participant in
order for the market to ensure a full decarbonization of the electricity
systems. Morell et al. argue that there is no one-size-fits-all tariff design
for a system in transition.

3. GOVERNANCE AND LEGAL ASPECTS
Besides the economic aspects of regulation, there are a number of
broader regulatory challenges in the energy sector which are either motivated or exacerbated by the level of ambition established in the Green
Transition.
Legislative and regulatory frameworks tend to create norms and
well-established practices that define the interplay of actors in an industry and society in general. Adapting these frameworks to new realities and ambitions, such as the Green Transition, may be challenging.
Abrupt changes in the legal framework may face resistance or trigger
unforeseen conflicts, which could end up delaying the progress of the
Green Transition.
A case in point is the revenue-cap regulatory framework, which has
been applied to electricity and gas distribution companies in Denmark
for more than two decades. Based on historical costs, the regulator
establishes a revenue cap, which incentivizes firms to attain efficiency gains. However, green investments will require higher capital expenditures, which will mean the cap needs to be increased. Defining a
transparent and efficient way to account for these higher expenditures
and to compare them with the benefits they produce is one concrete
challenge faced by the legislative framework in the face of an ambitious
Green Transition.
Overall, the present-day regulatory principles came into existence several decades ago, under a different technological reality and different political priorities. As technological evolution is quicker than regulation,
the latter may prove to be a barrier for some of the business models
that are expected to be vital for the Green Transition. Well-established
principles such as unbundling or third-party access may prevent new
technological solutions being developed. A critical but orderly revision
of some principles may therefore be necessary to ensure that the Green

16 “European Commission, 2020d. Renewable Energy Directive.
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Transition evolves and consolidates under cost-efficiency principles, to
the benefit of consumers and society in general.
The social acceptance of energy infrastructure is another element that
regulation must not overlook, as the physical landscape is likely to
undergo substantial transformations during the coming stages of the
Green Transition. The electrification of transportation, which will require the extensive deployment of charging stations, combined with
the widespread deployment of solar panels and possibly bigger, more
efficient solar farms and wind farms, could be met with even more
public opposition. Today, wind farms are subject to specific planning
requirements, while solar farms are not, despite the massive areas of
land that this renewable energy source will be occupying if the projects
in the pipeline are implemented. Moreover, the development of the
legal framework to accommodate the Green Transition is progressing
noticeably faster in the area of energy law, than in the environmental
and planning law areas. Consequently, more coordination between different sectors and in particular different ministries and agencies across
the institutional energy, environment and planning silos will be crucial
to ensuring that the Green Transition takes place with respect for the
environment, other land use interests and the communities hosting the
large new infrastructures.
Legislation can enable, institutionalize and incentivize the Green Transition. At a European level, framework laws have formalized binding
targets, as in the Renewable Energy Directive and its recast versions.16
It has also pushed forward broad policy initiatives, such as the CEP and
the Green Deal.
The Green Deal also comes with a governance structure to ensure that
Europe delivers. In Denmark, the Climate Act of 2020 establishes the
goal of becoming a net-zero emitter by 2050 at the latest. Denmark’s
Climate Act also lays the groundwork for new climate governance, by
requiring government to deliver concrete action plans, and by setting
a system of checks and balances to ensure the attainment of climate
goals. The Danish Climate Act of 2020 gives the Danish Council on
Climate Change (DCCC) three roles: that of a ‘watchdog’, monitoring
the adequacy of the government’s climate policies; that of an advisor,
providing science-based policy recommendations; and that of a ‘convenor’, engaging stakeholders formally and also more informally. According to a recent overview of national advisory bodies, this endows
Denmark with a “robust framework with a high level of detail and
degree of accountability” (Ecologic 2020). In terms of effective and
independent climate advisory bodies, Denmark is in the top league in
Europe, together with the British Committee on Climate Change and
the French High Council on Climate.
In its report from March 2020, the DCCC provided its first advice to
the Danish government on how to reach the ambitious target for 2030.
Entitled “Known paths and new tracks to 70 per cent reduction – Directions and measures for the next 10 years’ climate action in Denmark”.
The report identifies a number of initiatives that can be implemented
immediately, since they are based on known technologies. In addition
to this implementation track, the DCCC also suggests a development
track that is based on new technologies and for which research, development and demonstration need to be started immediately. Across these
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two tracks and across all sectors, the DCCC advises the government to
take a number of measures that ensure nationwide GHG reductions.17
First among those is a general greenhouse gas tax to be paid by all
polluters, but the DCCC also recommends rethinking regulation to
ensure that sector-specific regulation does not hamper sector coupling
and system wide solutions.
Nonetheless, good governance frameworks are incomplete if they are
unable to articulate policies and efforts operating in potentially different directions. In this respect, a focused inter-institutional effort on
the cost implications and policy choices for the Green Transition could
be a relevant initiative to take. To what extent can policies, such as a
generalized greenhouse gas emission tax, be complemented with supply-side measures, such as subsidies? What are the cost implications of
such choices and for the broader Green Transition goals?
Existing regulation may also be an obstacle and hinder the implementation of certain policies or the evolution of some business models.
Good energy regulation that facilitates the Green Transition should
allow for the implementation of regulatory sandboxes, i.e. controlled
experimentation with regulatory models through the introduction of
derogations to established regulatory principles; and lessons learned
from experimentation should be disseminated amongst regulators and
governments. Organized knowledge exchange may help in weighing
the trade-offs involved in the options for regulatory innovation and
experimentation, without undermining the stability and predictability
of existing frameworks.
Despite its benefits for the flexibility of regulatory frameworks, the
application of regulatory sandboxes also hides risks. Special rules applied to certain transition elements or technologies may create unequal
conditions, particularly if they are allowed to remain for prolonged
periods. The application of special rules in specific geographic areas or
for specific technologies may also be difficult to revert. More generally,
what are the limits to regulatory experimentation?

3.1	CONTRIBUTIONS ON GOVERNANCE
AND LEGAL ASPECTS
Chapter 5: The Danish revenue-cap regulation in the power supply sector:
A legal perspective considering the Green Transition, by Bent Ole Gram
Mortensen, takes a jurisprudential perspective to the income-cap
framework in Denmark. The author notes that this form of regulation
has experienced numerous changes over the years, making it an evolving and unfinished, yet flexible concept. Gram Mortensen also notes
that parties involved in the administration of the framework, such as
the Danish Board of Energy Appeals, have gained considerable experience in the administration of the framework. In general, the author
suggests that investments directly related to green investments are kept
outside the income-cap framework and advises legislators to consider
other tools to advance the Green Transition. However, if expenses associated with the Green Transition are to be kept within the revenue-cap
framework, Gram suggests an ex-ante approval of the investment ex-
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pense by the regulator. This, in Gram Mortensen’s view, would help the
regulated monopoly mitigate the risks.
Chapter 6: Regulatory experimentation in energy: Three pioneer countries and lessons for the Green Transition, by Tim Schittekatte, Leonardo
Meeus, Tooraj Jamasb and Manuel Llorca, summarizes and compares
the experiences of Italy, the Netherlands, and Great Britain with respect
to the introduction of “regulatory sandboxes” in the energy sector.
The sandboxes are a form of structured regulatory experimentalism,
in which temporary derogations from normal regulation are given to
specific market participants. The derogations help regulators enable the
emergence of specific technological innovations, while allowing them
to assess the intermediate welfare implications. The authors furthermore make a case for an EU-wide framework for regulatory experimentation and suggest that this framework should also be allowed at
the transmission level, where Power-to-X will be critical to enabling
sector coupling
Chapter 7: Acceptance issues in the transition to renewable energy: How
law supposedly can manage local opposition, by Birgitte Egelund Olsen,
addresses the newly introduced measures of the Danish Renewable Energy Act and their impact on local acceptance of renewable energy projects in Denmark. For more than a decade, the act has applied various
financial and, in most cases, compensatory measures, which are based
on the assumption that renewable energy facilities – wind turbines
in particular – create negative impacts. Drawing on a legal doctrinal
analysis, Olsen warns that the current framework may be perceived as
buying consent or bribery, posing the risk of stirring up even stronger opposition. Olsen advocates a more transparent and less complex
framework based on standardized principles and rates for compensation. In addition, she favours a regulatory approach that is not based
solely on principles of compensation and tort law, but which is more
positive, dynamic and flexible, and considers the inherent variations in
the specific places, people and communities involved. Moreover, she
points out that there do not yet exist any corresponding legal measures in relation to offshore renewable facilities. She recommends that
a more flexible and adaptable approach be considered when developing such measures. As a starting point, she suggests revisiting existing mechanisms, such as the offshore tendering processes, to take into
account non-economic aspects such as community acceptance in the
tender criteria.

4. INVESTMENT DECISION FRAMEWORKS
Since utilities are the key drivers behind investments in the Green Transition, their appraisal frameworks are another important aspect to analyse. In places such as Denmark, these are part of the existing regulatory
and planning framework, where district heating utilities and transmission operators must be able to demonstrate a positive socio-economic
value before an investment decision is approved. The methodology to
value and discount environmental benefits may therefore have important consequences for the Green Transition, as many of the investments
tend to be lumpy and irreversible. The choice of parameters in an in-

The Danish Climate Act does not specify which GHGs are going to be reduced. The CCC report
implicitly accounts for a reduction of all GHGs by explicitly mentioning GHGs in terms of CO2-equivalents.
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vestment appraisal framework has the potential to inadvertently favour
certain technologies and create long-term technological lock-in effects.
For example, under certain assumptions, a biomass-fired plant may be
preferable to a large-scale heat pump or a geothermal solution. However, under closer inspection, the environmental implications of each
choice differ significantly.
The Green Transition depends largely on the deployment of new technologies, the implementation of energy efficiency measures and the switching of fuels. Because the majority of such investments are long-lived, they
create significant long-term lock-in risks. Consequently, the parameters
of the decision framework – not least the discount rate – primarily determine what is perceived as the “right” or the “wrong” investment.
Although the possible presence of systematic biases in individual decisions has important implications for the Green Transition, these are
potentially greater when investment decision models are part of the
regulatory framework of energy utilities. In such situations, it is important to ask is if the existing decision framework systematically favours
the cost-effective green choice, and how externalities can be adequately
incorporated. Should investment appraisals rely on projected prices for
emission allowances, such as the EU ETS scheme, or is this a highly
uncertain choice?
A related but distinct question is whether decision frameworks capture
the urgency of the ongoing Green Transition. That is, if the parameters
in the decision framework favour early gains rather than later gains.
This also raises the question of inter-generational equity. The social
discount rate is crucial for assessing the benefits of emission reductions,
i.e. how much society is willing to invest to limit the environmental
damage from emissions. By doing so, society is weighing the benefits
for future generations against the cost of investing today, i.e. the cost
current generations will have to bear. But future generations will most
likely become richer than current generations. Finally, but equally important: who bears the risk of failed investments? Is there a case for
risk-sharing agreements between energy utilities and consumers?

4.1	CONTRIBUTIONS ON INVESTMENT
DECISION FRAMEWORKS
Chapter 8: The lack of proper discounting of CO2 reductions, by Frederik Øvlisen, investigates two methodological shortcomings that arise
in the appraisal of green investments: i) the lack of discounting of CO2
emissions, ii) the absence of an explicit time horizon which accounts
for the 2030 and 2050 goals, and iii) the lack of proper summation
of CO2 reductions. With the use of the discount factor and impatience from tipping point theory, Øvlisen presents a new basis of decision making by taking a proper approach towards discounting CO2
reductions. Øvlisen highlights that the assessment of the CO2 profile
is crucial because it contributes to a truer and more comprehensive
image of the Green Transition in regards to actual accumulated effect
on CO2 reductions. The approach increases the accuracy of the basis
of decision making by discounting the CO2 reduction itself, thereby
eliminating uncertainty from the underlying assumptions behind the
CO2 price profile. Hence, the approach discussed, reflects the entire
CO2 reduction profile instead of focusing on the impacts from reductions in isolated years. Considering the tipping point theory, this calls
for more projects that immediately reduce CO2 instead of projects that
uncertainly reduce CO2 in the future.

Chapter 9: Discounting and the Green Transition: District Heating in
Denmark, by Mark Freeman, Frikk Nesje, Daniel Møller Sneum and
Emilie Rosenlund-Soysal, describes how Danish energy regulators can
apply the existing body of theoretical and empirical work on social
discount rates to their domestic policy context. Focusing on one specific example (district heating), the authors evaluate a single concrete
project proposal on geothermal energy in Denmark: a 100 MW geothermal energy investment for Aalborg, Denmark’s fourth-largest city.
Freeman et al. argue that due to the long-time horizons for which carbon dioxide remains in the atmosphere, the benefits from emission
reductions are very sensitive to the choice of the discount rate, consequently affecting the investment in projects, either leading to a false
rejection of the project or simply setting the wrong domestic energy
prices. Using the PRIMES, GCAM and EVA models, the evaluation of
Aalborg geothermal plant results in different discount rates, bond yield
and WACC. Moreover, the analysis shows that the results are based on
different underlying assumptions regarding the discount rates, annuity
rates and cost of capital, which further supports the importance of setting the appropriate social discount rate on long-term environmental
projects during the Green Transition. This expands the realm of the
regulator to secure alignment between socio-economic and private economic desirable outcomes by finding the best available practice.

5. ENERGY REGULATION IN 		
TRANSITION: CONCLUDING REMARKS
AND FUTURE PERSPECTIVES
The contributions in this anthology offer different perspectives on Energy Regulation in the Green Transition from an interdisciplinary perspective. The contributions, however, share the same aim, namely to
explore regulatory dilemmas and identify obstacles and impediments
that must be addressed going forward in order to ensure that the Green
Transition does not become unnecessarily expensive for our societies
and the end-users.
It is possible to discern a number of insights and key issues from the
anthology, where further thinking is important and warranted in order
to deliver a cost-effective Green Transition going forward.
- Cost control in an income-cap regulatory framework involves dilemmas
A common approach to the regulation of natural monopolies is a revenue-cap regulatory framework, but designing a framework fit for purpose that addresses the challenges inherent in an ambitions transition is
challenging. Traditional models of economic regulation incentivize regulated utilities to prefer capital investments over operational expenditures. The DUR argues in its report from April 2020 that green investments should be included in the revenue-cap regulatory framework
by a supplement to the income-cap and granted ex-post based on an
application. A strong case can be made that the income-cap regulatory
framework adequately delivers on the regulatory challenges stemming
from the Green Transition and that this framework is fit for purpose in
terms of delivering a cost-effective Green Transition. The disadvantage
of an ex-post application driven supplement is the administrative burden upon both the utility companies and the regulator. On the other
hand, Chapter 5 considers that investments associated with the Green
Transition may be kept within the income-cap regulatory framework
and granted ex ante by the regulator to mitigate risk for the regulated
monopoly. Chapter 5 also highlights the fact that from a legal and his-
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torical perspective, the income regulatory framework has evolved over
time and proved to be a flexible concept. The point is that the design
of a regulatory framework is not a trivial exercise and carries with it
different priorities in terms of cost control, risk mitigation, bureaucracy and the ability of the regulatory models to adapt to change. The
need for a regulatory change in both the electricity and district heating
sectors is further substantiated by chapter 2 and chapter 9. Chapter 2
emphasizes the need to rethink the fundamental role of the DSOs in
the future smart energy system, going into the Green Transition. In
addition, chapter 9 invites a joint economic framework that aligns the
discount rates of economic models to ensure a consistent evaluation of
intertemporal welfare. Altogether, the chapters encourage regulatory
change wholeheartedly moving forward in order to succeed with the
Green Transition.
- Attention to detail: Appraising investment in light of the Green Transition
The appraisal of investments in the energy sector is often crucially
dependent on the choice of underlying assumptions, as these projects
are often very capital intensive and have a long investment horizon.
Chapter 8 and Chapter 9 point to the importance of using the proper
methods of discounting and setting the correct parameter values when
appraising investment projects. Chapter 8 addresses the importance of
discounting CO2 emissions with the use of the discount factor and
impatience from tipping point theory. Chapter 9, on the other hand,
makes the case that the choice of underlying assumptions regarding
the discount rates, annuity rates and cost of capital is paramount and
that it should be within the realm of the regulator to secure alignment
between socio-economic and private economic desirable outcomes by
finding the best available practice.
- Tariff design must take the new role of consumers in the energy system
into account and reflect that the energy system is in transition: There
is no one-size-fits-all design
New technologies will enable consumers to change consumption,
self-produce and provide self-storage options, which can have distortive
effects on tariffs. Chapter 4 presents an approach to tariff design which
suggests that tariff design should reflect and better understand the new
role of consumers in the energy system and the implications for future
tariff design. Delivering a tariff design that provides the right incentives
in the transition, is cost-reflective and yet administrable and points
forward in terms of addressing the new role of consumers in the energy
system is an important challenge which must be understood further.
This way of thinking also suggests that there is no one-size-fits-all tariff
design for a system in transition.
- Getting the right balance: Regulatory models with short horizons and
the need for innovation and R&D
R&D and innovation hold the promise of a more cost-effective Green
Transition. In chapter 1, it is argued that innovation expenditure is
the key enabler for the Green Transition and suggested that there is a
potential trade-off between the existing regulatory models for network
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utilities and the insufficient expenditure on research and development
(R&D). This is because the primary focus of regulatory models on economic efficiency may result in a preference for short-term over longterm profitability, which can result in underinvestment in R&D and
innovation. There is perhaps a need to further develop how to handle
investments in R&D and innovation in regulatory models to achieve
an optimum level of investments.
- A more positive, dynamic and flexible approach to attaining local acceptance and assessing compensation for green investments is called for
The Green Transition will, if anything, make discussion of local acceptance and compensation for green investments more relevant. Chapter
7 addresses the newly introduced measures in the Danish Renewable
Energy Act, and their impact on local acceptance of renewable energy projects in Denmark. The chapter calls for a more transparent and
less complex framework based on standardized principles and rates
for compensation. In addition, the chapter advocates a regulatory approach that is not based solely on principles of compensation and tort
law, but which is more positive, dynamic and flexible, and that considers the inherent variations in the specific places, people and communities involved.
- The role of experimentation: The Green Transition poses new challenges which require new regulatory solutions
The energy systems are expected to involve the integrated and harmonized operation of otherwise independent energy systems and infrastructures. Chapter 6 argues that experimental sandboxes can be crucial
for society, in order to take advantage of the synergies between the electricity and gas sectors, facilitate new solutions for possible regulation
and governance18 and exploit prevailing market circumstances in a further integrated energy system.19 This sort of approach is also supported
by ACER-CEER in their ‘White Paper Series’, which advocates that
the regulation of hydrogen should depend on how the hydrogen sector
evolves, i.e. a dynamic approach.20 Chapter 6 suggests that regulatory
sandboxes can be used to find the right regulatory model for new emergent technologies and new challenges posed by the Green Transition.
There is definitely a case to be made for the use of sand boxes within a
broader regulatory framework, with proper controls and oversight and
for a limited duration. There is a need to further develop the thinking
on when and how sand boxes can be used and under what conditions.
- An improved understanding of the relationship between ownership
and efficiency is warranted
Is there a benefit for society in customizing regulatory models of natural monopolies to better reflect the organizational characteristics of
each monopoly, such as ownership, geography and size? Chapters 2 and
3 argue that ownership has an impact on efficiency. It is argued that
regulating consumer-owned DSOs, in contrast to private ownership,
is an inherently easier task for a regulator (chapter 2) and that district
heating utilities only have an incentive to reveal true cost information
to a regulator when they are consumer owned (chapter 3). Chapters 2

CEER, 2020. Long-Term Storage: CEER “European Green Deal” - White Paper series (paper I).
ACER, 2020. Regulation on Hydrogen Networks.
ACER, 2020. Regulation on Hydrogen Networks.
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and 3 point out that we need an improved understanding of the role of
ownership for efficiency in natural monopolies, as well as the interplay
between different forms of regulatory oversight and types of ownership.
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ABSTRACT
In this age of low-cost capital and stimulus packages, is it the best time to heavily invest in tomorrow’s energy networks and research infrastructure?
In the academic literature it is widely acknowledged that innovation is key to decarbonising the energy sector and fostering sustainable development. However, post liberalisation has been struggling to promote R&D and innovation. Is this a case of business, regulatory, or policy failure, or
are there other factors involved? In this paper, we discuss the reasons for slow uptake of new technologies in energy networks and propose some
remedies for the European context, where innovation in the area of energy networks is crucial for the implementation of the Green Transition. The
solutions to address this shortfall need to be considered in an overarching manner. The specific points raised here are based on incentive regulation,
the establishment of competitive funding models like Ofgem’s Low Carbon Network Fund, and a large European collaborative research hub.
KEYWORDS: Energy Network Infrastructure, European Green Deal, Innovation, Research and Development

1. BACKGROUND
The European Green Deal is an ambitious initiative launched in November 2019 and endorsed by the European Parliament in January
2020. It encompasses a series of policies to achieve the objective of
making Europe the first climate-neutral continent by 2050. The EU’s
commitment to reach long-term full decarbonisation targets has been
demonstrated before by endeavours such as the Ten-Year Network Development Plans (TYNDPs). These are scenarios jointly developed by
the European Network of Transmission System Operators for Electricity (ENTSO-E) and the European Network of Transmission System
Operators for Gas (ENTSOG). The interaction between electricity
and gas is recent and still limited, but TYNDPs represent a prominent
effort to comprehensively describe the interactions between these energy networks and appraise the development of new infrastructures in a
future decarbonised hybrid energy system (ENTSO-E and ENTSOG,
2019).
The development of new technologies, along with economic incentives
and behavioural changes, are key to effectively implementing the Green

Transition towards an environmentally sustainable society. We cannot
achieve the decarbonisation targets by only relying on the existing technologies and solutions. We need to develop new solutions through innovation.1 Technological progress allows more ambitious targets to be
set and achieved at lower cost. However, it is worth remembering that
technological progress depends on research and development R&D
spending and innovation endeavours.2
Energy R&D is lower than in comparable industries such as telecommunications (Idea to Value, 2020). This is perhaps because regulation
has not been focused enough on the quality of service, and energy utilities have reduced investment in R&D in order to improve short-term
profitability. The current levels of investments in innovation to decarbonise the energy sector, and in particular in the networks, are not
sufficient for the challenges ahead. In order to promote and increase
the effectiveness of innovation in the sector, the economic, regulatory,
technical, and policy aspects and their interactions need to be analysed
and better understood.

* Corresponding author: Copenhagen Business School, Department of Economics, Porcelænshaven 16A, 2000 Frederiksberg, Denmark. Tel. +45 3815 2223. Email: tj.eco@cbs.dk

1 “An innovation is the implementation of a new or significantly improved product (good or service), or process, a new marketing method, or a new organisational method in business

		

practices, workplace organisation or external relations” (OECD/Eurostat, 2005, para. 146).

2 “The term R&D covers three types of activity: basic research, applied research and experimental development. Basic research is experimental or theoretical work undertaken

		
primarily to acquire new knowledge of the underlying foundation of phenomena and observable facts, without any particular application or use in view. Applied research is original
investigation undertaken in order to acquire new knowledge. It is, however, directed primarily towards a specific, practical aim or objective. Experimental development is systematic
work, drawing on knowledge gained from research and practical experience and producing additional knowledge, which is directed to producing new products or processes or to 		
improving existing products or processes” (OECD, 2015, p.29).
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At the time of the liberalisation of the energy industry in the 1990s,
when the primary objective of the reform programmes was to achieve
cost efficiency, the importance of R&D and innovation was mostly
downplayed. It was expected that the new competitive markets would
efficiently determine the type and amount of R&D and innovation
needed (IEA, 1999; USHR, 1998). However, this did not happen
and a sharp reduction in innovation activities took place (Jamasb and
Pollitt, 2015). This is evidenced by a decrease in the annual average
of patent applications of major UK companies, namely, non-nuclear
generation companies, the Electricity Council (posteriorly AEA Technology) and the UK Atomic Energy Authority, from 11 to 2.9, 10.5 to
2.6 and 108 to 9 in the period 1958-2009. With the emergence of the
environmental concerns, new areas in need of innovation have evolved
since the liberalisation of the energy sector.3
Some studies have examined whether the theoretical and empirical
knowledge of the time could have predicted the subsequent collapse
of innovative activities in the sector (Jamasb and Pollitt, 2008, 2011,
2015). These studies also found that the productivity of R&D in energy and innovative output seemed to have increased, possibly due to
more emphasis on near-market and applied research. In recent years,
while government RD&D (Research, Development, and Demonstration) spending has globally increased (but not for Europe), it is not
keeping up with the pace of GDP growth (IEA, 2019a). Moreover,
when looking at energy sector investments in general, we should remember that these can be in the form of “traditional” or “dumb” assets. Therefore, energy spending figures might not totally be reflecting
expenditure in R&D and innovation. Thus, it becomes evident that
energy utilities have reduced their R&D investment, which may be
somewhat related to a lack of public spending.4
The main objective of this paper is to analyse the reasons for the slow
pace of innovation in the energy networks and how this innovation can
be incentivised and motivated. The remainder of the paper is organised
as follows. Section 2 describes some aspects about innovation from a
business and economic perspective. Section 3 discusses approaches to
promote energy R&D and innovation in Europe. Section 4 contains
conclusions.

2.	INSIGHTS FROM THEORY
The propensity and drivers of innovation in regulated natural monopoly energy networks differ from those of firms operating in competitive
markets. In economics, traditionally there is a difference between the
views of Schumpeter and Arrow regarding the influence of competition
on innovation. The Schumpeterian opinion is that monopolies favour
innovation, while Arrow argued that competition favours innovation. It
follows from the first viewpoint that monopolies could indefinitely enjoy
positive profits and hence benefit from their R&D investment. If that is
not the case, and monopolistic positions do not encourage innovation,
then regulation should play an active role to address this drawback.

In order to understand the specific difficulties to maintaining energy
R&D and innovation activities in the energy utilities, it is important to
detail some relevant economic features of the energy sector:
• The energy sector is capital intensive and the sunk costs are very
large.
• The economic life of the energy assets is typically long. In
addition, energy R&D is costly and requires scale. Nevertheless,
once rolled out on a wider scale, it can be more cost effective than
traditional alternatives.
• Demand for energy is a derived demand, meaning that energy
consumption is not an objective in itself, and individuals and
companies only demand energy to fulfil energy services.
• Traditionally, and unlike gas, electricity has been a non-storable
commodity that required matching generation to demand.
• Price elasticity is low, while income elasticity is high (in Least
Developed Countries).
• Demand for energy in recent years has grown slowly or even
slightly declined.
• However, the value of energy/electricity to the users has never been
higher.
• Investment by energy firms in innovation can have substantial
economic and environmental benefits.
• Firms engage in innovation for a variety of reasons.
Until the 1980s, neoclassical economics, exemplified by the Solow-Swan
model (Solow, 1956; Swan, 1956), explained long-run economic growth
based on the accumulation of physical capital and exogenous factors. The
theory of endogenous economic growth set out in the mid-1980s established that economic growth is mainly driven by technological change,
and started to consider it as an element internal to the growth dynamic
(e.g. see Romer, 1990). The literature views this technological change as
a three-step process (namely invention, innovation, and diffusion) that
captures the deployment of new and thriving technologies (Schumpeter,
1939; Jaffe and Stavins, 1995). In particular, the second step in the technological change process, innovation, is normally identified as one of the
foremost factors of business survival, competitiveness, economic growth,
and employment (Cooke et al., 2000; Buesa et al., 2010). According to
Grant and Jordan (2015) this concept can be defined as “the initial commercialization of invention by producing and marketing a new good or
service or by using a new method of production” (Grant 2015, p. 367).
Although innovation is a means to economic growth, it is not an automatic and immediate step. In fact, the transition (or rather the gap)
between invention and commercial application is commonly referred
to as the ‘valley of death’ in the literature on technology innovation and

3 It is noteworthy that the liberalisation of the sector might have led to some outsourcing of R&D. This implies, for instance, that part of the R&D spending relevant for energy networks
can happen in companies that do not directly pertain to the energy utilities sector, and hence be ‘counted’ as spending in other industries (e.g., electronic and electrical equipment).

4 This can be thought of as a ‘crowding-in’ effect. The crowding-in effect can be described as a situation in which public spending stimulates investment in productive capacity, which 		
results in boosting real private spending (Friedman, 1978).
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TABLE 1. SUMMARY OF RELEVANT ECONOMIC
Relevant issues from an
economic perspective
Technological change as a driver of economic growth
Valley of death in innovation
Prevalence of market failure in energy R&D
Increase in consumer surplus and economic and social benefits
Vertical disintegration and relationship between firms’ size and R&D
Short-term network price controls

Implications for
TSOs and DSOs
Public role to promote R&D efforts
Focus on widespread application of inventions
Promotion of open innovation
Adoption of a ‘value-based’ approach in innovation funding
Coordination to organise large R&D project initiatives R&D
Incentive-based rather than cost efficiency approaches

Note. Summary of relevant economic issues to the case of TSOs and DSOs in Europe.

transfer (Grubb, 2014). In the context of energy networks, an innovation gap may arise due to the long processes for network companies to
trial and then adopt new innovative solutions. This presents challenges for start-ups’ finances in the early years. Despite this problem in the
central phases of the innovation chain, R&D is essential if we aim to
stimulate and manage the process of growth.5 Although it can imply an
advantage in a competitive market setting, R&D also has some characteristics of public goods and can lead to market failures (Ferguson and
Ferguson, 1994). These failures can be described in terms of the difference between public and private discount rates. In R&D and innovation, private discount rates are higher than public discount rates due to
outcome uncertainty and the capacity of private investors to capture the
benefits (Jamasb and Pollitt, 2015).
Energy R&D investment is no exception to this issue, but presents some
specific features worth describing. Indeed, for reasons related to the
characteristics of a liberalised sector presented above, the occurrence of
market failure in energy R&D is prevalent. For instance, Transmission
System Operators (TSOs) and Distribution System Operators (DSOs)
are regulated businesses that cannot gain competitive advantage from innovation, unless incentive-based regulation based on Opex, incentivises
them to do so. In that context, an ‘open innovation’ system in which
both internal and external R&D may generate value for the companies
can be an appealing option from the society point of view.
Prior to liberalisation of the sector in the 1990s, the energy sector was
generally seen to provide a public service. After the reforms, energy was
considered as a commodity and utilities, including network companies,
reduced their R&D investment due to regulatory uncertainty. Recently,
the perception of energy has been gradually changing from a commodity to a service, which may also have an impact on R&D spending (Jamasb and Llorca, 2019). As mentioned above, the demand for energy
has recently stagnated or even dropped, but the current nature of energy
services delivered has greatly increased the value of the energy for users
(and hence consumer surplus). R&D usually attempts to yield technological progress in a cost-efficient way. However, considering the increase
in consumer surplus and the economic and social benefits from a system
perspective, a value-based approach to investing in R&D and innovation
should be adopted.

The unbundling of the energy sector implies the vertical separation of the
sector in competitive (generation and retail) and regulated (transmission
and distribution) segments. The potentially competitive and regulated
activities of the utilities sector represent rather different challenges for
R&D and innovation (Jamasb and Pollitt, 2008, 2011, 2015; Jamasb et
al., 2008). It is noteworthy that unbundling has likely reduced the economies of coordination in the electricity sector. The presence of vertically
integrated utilities not only involves some economies of coordination,
but it also increases the size of the utilities, which implies the possibility
of larger R&D expenditure. Generally, only large firms and organisations
can undertake substantial energy R&D. This is evidenced by the literature, which shows a positive correlation between firms’ size and R&D expenditure (Cohen and Klepper, 1996). The vertical separation of energy
utilities after liberalisation reduced the size of the utilities, which seems
to be one of the reasons for the decline in energy network innovation.
Moreover, in the absence of competitive markets, regulated monopolies
cannot become bankrupt. In regulated firms, lower efficiency relative to
their peers does not always have immediate consequences. On the other
hand, in a perfectly competitive market even small differences can force
the worst performing firms out of the market altogether.
The concept of induced innovation in the innovation literature on the
energy sector can be viewed as the counterpart to endogenous growth in
the macroeconomic literature. It is a key innovation policy issue because
it is not only a contributor to economic growth, but has also become
a crucial factor for achieving sustainable development and low carbon
energy use. In regulated networks it is therefore important to promote
innovation. However, in general, the short-term nature of network price
controls can mean that reducing R&D investments is an effective way
of improving short-term profitability, although this may come at the expense of networks in the long term, as innovation will be implemented
at a much slower rate (Bauknecht, 2011).
In conclusion, there is a range of concepts from the economics literature
that may be relevant when discussing the slow pace of innovation in energy networks. Table 1 attempts to summarise the most relevant of these,
and presents possible repercussions for the TSOs and DSOs in Europe.
Additionally, political, regulatory, and economic uncertainties may affect
the level of R&D spending in specific energy sectors or technologies that
are worth being mentioned. We illustrate below how these uncertainties

5 R&D represents the efforts to achieve technological progress through the three-step process defined before.
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would impact investment in hydrogen-related infrastructure, which is
expected to play an important role in the Green Transition (European
Commission, 2020).
• General uncertainty regarding the national and European political
agenda and strategies that can affect certain technologies or fields of
research more than others (e.g. methane pyrolysis or blue hydrogen).
• Uncertainty regarding cost recovery, since a predictable framework
is not in place (e.g. no regulatory framework for a hydrogen network, such as the Gas Directive for (natural gas) pipelines).
• Regulatory barriers like unbundling rules, third-party access, and
tariffs (e.g. are TSOs allowed to operate a power-to-gas facility as a
pilot project?).
• Uncertainty about the market demand and market behaviour, if
there is no political signal and regulatory intervention (e.g. impact
of the EU Emissions Trading System – EU ETS – prices and economic development).

3. HOW TO PROMOTE ENERGY R&D
AND INNOVATION IN EUROPE?
A report prepared for the European Commission and the Energy Infrastructure Forum 2019 recognises that there is a significant degree
of similarity between national regulatory models for energy network
infrastructure in the EU with respect to security of supply, but large
differences regarding innovation (Ecorys et al., 2019). They identify
four groups of countries regarding their regulatory approach to innovation: those in which there are explicit high level references to innovation (e.g. in legislation), those in which the explicit references are at
low level (through various regulatory instruments), countries in which
an efficient and economic development of the network is promoted but
without explicit reference to innovation, and finally countries with no
evidence of support.
National regulators and transmission systems operators have found that
there is scope for improvement in terms of incentivising innovation
through the regulatory models. A recent report stated that innovation
is understood as “putting ‘innovative’ transmission infrastructure investments into practice” (Ecorys et al., 2019, p. 17). The main barriers
identified in the report are: (i) lack of incentives to encourage socially
beneficial projects, (ii) bias towards Capex, (iii) no specific provision
for innovation, (iv) high project risks and sanctions for not meeting
deadlines, (v) disincentives to investment due to smart grid developments, and (vi) absence of comprehensibility. Moreover, some bespoke

solutions for improvement are proposed for the different Member
States. These country-specific solutions are based on a combination
of options that include: (i) making it explicit that TSOs have a duty
to consider innovative solutions, (ii) carrying out Social Cost Benefit
Analyses (SCBAs) for large or controversial projects, (iii) consulting on
projects and National Development/Investment Plans with stakeholders, and (iv) considering Opex-based solutions.
Overcoming the previously mentioned barriers requires that the proposed solutions should not be considered in isolation, but within a
broader perspective and consistent with current legislation.6 In our
opinion, we need a new European energy R&D infrastructure ecosystem and an innovation ecology, established through collective and
interactive efforts to facilitate the development of new innovative ideas
and value creation, which will likely imply changes in the current business and regulatory models.7 Governments must take a lead to transform the world of energy regulation and face the present challenges
(IEA, 2019b). Ensuring universal access to clean and affordable energy and cutting carbon emissions are some of the challenges that will
require strong energy investments and policies from governments. In
this section, we first elaborate on how we can rearrange the European
energy R&D infrastructure ecosystem. We then provide an overview
of how we can rearrange the regulatory incentives for investments in
network innovation.

3.1	REARRANGING THE INNOVATION
FRAMEWORK AND ECOLOGY
Innovation and R&D in the energy sector are a multi-faceted activity
and involve different types of actors, with the energy network utilities
being only one of these. Due to the high costs and range of innovation efforts, some companies are involved in R&D externally to share
risks with other companies and reduce uncertainty (Cohen and Sanyal,
2008). Costa-Campi et al. (2019) identify four innovation objectives
for energy firms: innovation in processes and products, reduction in
environmental impact, and fulfilment of regulatory obligations. They
find that both external and internal R&D are used to deliver the regulatory and environmental objectives, while advanced machinery (such
as the acquisition of computer hardware or land and buildings) is procured in order to improve innovation in processes.
In addition, preservation and dissemination of generated knowledge
in innovation is very important. Do we know how much we actually
know? We do not seem to. Energy R&D is costly and precious, and
yet much of the results are not known to the scientific community.8
This seems to call for developing incentive mechanisms and statutory
obligations for the retention and dissemination of generated knowledge.

6 The pieces of legislation also need to be consistent with each other. There are some updates taking place in 2020 which are relevant for energy network innovation and need to ensure that
consistency. These revisions will be based on previous legislation:
• Smart Grid Indicator/Electricity Directive, Directive (EU) 2019/944 (https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32019L0944&from=EN);
• Energy Efficiency Directive, Directive (EU) 2018/2002 (https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018L2002&from=EN);
• Trans-European Networks for Energy (TEN-E) regulation, Regulation (EU) No 347/2013 (https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32013R0347&from=en).

7 Ideally, R&D projects should be in line with an overall EU research strategy to avoid unnecessary projects and costs. To avoid these issues, projects should be approved by an independent
and competent authority that checks if the R&D projects can contribute to the overall strategy.

8 This should not be a surprise considering that an important amount of applied research and technological developments may go under industrial secrets that are not publicly available.
9 There are some existing exceptions such as BRIDGE, which is a European Commission initiative to establish links between Horizon 2020 projects in the fields of Smart Grid and Energy
Storage with the aim of overcoming barriers to innovation. ERRA (Energy Regulators Regional Association) can be seen as another attempt to address knowledge sharing by bridging national
and EU funded research.
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Nevertheless, this aspect of research has not received enough attention,
because the financial and scientific benefits to researchers are limited.9

current spending with a competition mechanism. The regulator needs
to decide on the allowed share of revenue to be spent on innovation.

The high costs of energy infrastructure along with lack of knowledge
preservation can be used as arguments to bolster organisational and
collaborative research for energy networks, and in particular the creation of a permanent large European hub for energy research, perhaps
with a network of some regional branches.10 In the UK, some research
organisations have been established for a limited number of years (e.g.
8, 10 or so). However, these then tend to disappear over time. The loss
of institutional memory can be staggering. Although much knowledge
continues to reside in the individual scientists and engineers, these can
be forced to move to other areas. This highlights the relevance of implanting knowledge transfer processes in the organisational culture of
research centres and the energy firms themselves. However, there are
some other examples of successful permanent research organisations
that can be used as a reference.

The LCNF was one of the three mechanisms12 that were set in place
to promote innovation in the British electricity sector as part of the
fifth Distribution Price Control Review (DPCR5) that was running in
Great Britain from 1 April 2010 to 31 March 2015 (Rious and Rossetto, 2018). The LCNF £500 million programme was divided into two
tiers of funding: one to allow distribution utilities to recover part of the
spending on small-scale projects, while the second was to host a yearly
competition for the allocation of up to £64 million to partly fund a
small number of flagship projects.

The Electric Power Research Institute (EPRI) is an American non-profit organisation that performs R&D activities in the electricity sector. It
involves more than 1,000 organisations and utilities from more than 38
countries (EPRI, 2020). Some of these companies are European, which
seems to suggest that these European members and even others could
also be attracted to a European research organisation. Another example
is the Central Research Institute of Electric Power Industry (CRIEPI).
It is a Japanese non-profit organisation that also conducts R&D in the
electricity sector and research on social aspects through some dependent laboratories. With more than 660 research staff and an operational
budget of 29.3 billion yen in 2020 (about EUR 250 million), it also
has international outreach via technology transfer, training, and education (CRIEPI, 2020).

Utilities regulation is generally performed through two alternative approaches: cost-based (such as rate-of-return) and incentive-based (such
as price cap) regulation. Rate-of-return (or cost-of-service) is a type
of regulation in which companies are allowed to recover their costs
of production plus a rate of return on capital. This type of regulation
is often criticised because it does not provide the companies enough
incentives to operate efficiently. Moreover, rate-of-return regulation
leads to the Averch-Johnson effect, which means that utilities can have
excessive capital accumulation. Incentive regulation, in the form of a
price or revenue cap, implies strong incentives for cost reduction and
improving the companies’ performance. However, even some types of
incentive regulation schemes can lead to capital accumulation. Kuosmanen and Nguyen (2020) point out that the Nordic-style revenue cap
model constrains the level of revenue and is equivalent to rate-of-return
regulation. They formally demonstrate that the system is exposed to
the Averch-Johnson effect.

As we have mentioned before, unbundling has diminished the economies of coordination in the energy sector, and with them the size of the
utilities, which implies lowering the possibility of larger R&D expenditure. However, in the US and Japan, where many utilities are large and
vertically integrated, we find research hubs like EPRI and CRIEPI.11
Even though one would expect these research hubs to be more needed
in an unbundled (e.g. EU) than in a vertically integrated setup (e.g.
USA and Japan), the reality is that this type of organisation has not yet
materialised in the European context. Moreover, the non-profit nature
of these organisations is likely to be a significant factor, since these might
be more easily accepted by regulators and utilities.
The collaborative approach of a permanent research hub contrasts with
the alternative of funding support models such as Ofgem’s Low Carbon Network Fund (LCNF), where utilities and projects ‘compete’ for
their own and others’ share of R&D allowance. In competition-based
mechanisms for funding the best research efforts, e.g. Ofgem’s LCNF
mechanism, utilities allocate a share of their revenue to a collective innovation fund. They then take part in a competitive bidding process
to fund their proposed innovation projects. This mechanism combines

3.2 REARRANGING THE REGULATORY
INNOVATION INCENTIVES

Conventionally, energy network regulation has been focused on standard short-term cost-efficiency improvements, and hence R&D efforts
and innovation have not been explicitly promoted. Although innovation can be costly at the pilot phase, it often results in significant
cost savings and efficiency in the long-term. In that line, some authors
suggest that regulatory models should shift to an approach that incorporates further mechanisms for achieving long-term goals (Cambini et al., 2014). Moreover, from a risk perspective, it is important
that incentive mechanisms consider the risk profile of an innovation
endeavour to avoid network utilities focusing their activities only on
low-risk ‘normal’ efficiency improvements (Poudineh et al., 2020). In
addition, innovation in energy networks is often perceived by energy
firms to have high costs and risks. Newbery et al. (2019) discuss the
use of a Regulated Asset Base (RAB) model to overcome the problem
of financing long-term low-carbon generation assets that require low
funding costs.13 However, it should be mentioned that RAB models
may lead to a bias towards Capex investments.

10 A somewhat similar idea is posed by Skillings (2020). He proposes the establishment of an EU ‘Clean Economy Observatory’ that would have a critical role in fostering innovation. It 		
would mainly serve two purposes: promoting ‘learning by doing’ and identifying ‘pathway critical challenges’ (breakthrough innovation).

11 There is no energy research hub at European level. It must be said that there are already similar organisations at national level in Europe, e.g., SINTEF (Norway), VITO (Belgium), TNO
(Netherlands) or VTT (Finland). However, both the scale and the degree of specialisation of these organisations (not only focused on energy, but also on other sectors such as health or
chemistry) greatly differ from EPRI and CRIEPI.

12 The other two were the Innovation Funding Incentive (IFI) and the Registered Power Zones (RPZs).
13 RAB represents the part of capital accepted by the regulator to receive a return.
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TABLE 2. REGULATORY MECHANISMS TO STIMULATE INNOVATION

Issue

Total
(can be combined)

Costs for innovation are incurred now while benefits are uncertain and
only materialise in the longer term (short-term thinking and risk-aversion)

Innovation
benefits can go
beyond grid
cost reduction
(externalities)

Output-based
RAB-based
approach

WACC-based
approach

Cost-pass
through

Competition
for funding

Output-based

Explanation

Include R&D and
innovation spending
in regulatory asset
base

Increasing the return
on investment to
compensate for
the risk

Spending on R&D
and innovation is a
current expenditure

Tender for grants
of an innovation
fund

Improving outputs
can foster innovation
as a means to gain
rewards

Example

In GB, it is applied
to infrastructure
projects and
discussed for new
nuclear projects

In Italy, some
smart grid projects
receive ad ditional
WACC

In Norway DSO
R&D expenditures
are added to the
allowed revenues

In GB, there is an
annual Electricity
Network Innovation
Competition (NIC)

Automation can
have an effect on
quality-of-service
incentives

Note. Regulatory mechanisms to stimulate innovation. Source: Own elaboration based on Meeus et al. (2012), Bauknecht (2011), CEER (2017)
and Newbery et al. (2019).
In addition to the approach of organising a competition for innovation
funding discussed earlier, we distinguish three input-based regulatory
mechanisms that are commonly used to facilitate expenditure on R&D
and innovation: RAB, Weighted Average Cost of Capital (WACC) or
cost pass-through.
• An RAB-based approach to innovation expenditure simply includes the R&D and innovation spending in the regulatory asset
base of the utility. But the issue that follows is how the RAB is to be
remunerated, i.e. how is the appropriate WACC to be determined.
• A WACC-based approach can attempt to distinguish between the
capital used in innovation/innovative assets and other forms of
capital (i.e. investment in more conventional assets) to fairly reflect
the perceived higher risk of innovation investments.
o The RAB and WACC approaches implicitly assume that the
capital spent on innovation is in the form of equity or debt.
Distinguishing between the different types of capital and their
costs for inclusion and calculation of the WACC is inherently
difficult for the regulators.
• On the other hand, a cost pass-through approach to spending on
innovation implies that spending on R&D and innovation is a
current expenditure funded by the rate payers through network

charges or perhaps energy prices; the regulated entity does not
receive any rate of return on these expenses.
As some innovation benefits can go beyond grid cost reduction, some
regulators complement input-based with output-based mechanisms.
Improving the relevant outputs can foster innovation as a means to
gaining rewards. Table 2 summarises the discussed regulatory mechanisms and provides some European examples in which the different
approaches are applied.
There are several methods by which innovation can be funded and
accounted for.
• Government funded – Due to the global nature of benefits and
co-benefits of decarbonisation, the government or taxpayers pay
for the cost of innovation in utilities.
• Utility funded – Costs of innovative activities can be treated as
disallowed costs. Under this model, the firm only incurs innovation costs if the efficiency gains from these expenditures exceed the
costs of them (Poudineh and Jamasb, 2015).
• Rate payer funded (1) – Innovation costs are allowed as Opex. This
approach or variations of it are common and preferred by regulators.
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• Rate payer funded (2) – Innovation costs are allowed as Capex and
part of the RAB. Networks are capital intensive and innovation
has implications for the quantity and quality of their investments.
Therefore, it is sensible to include the innovation costs of utilities
in their RAB, as with their other capital investments. This is also
consistent with how firms in competitive markets engage in multi-year research programmes. In order to achieve the low carbon
future, we need to be consistent and consider technology enabling
R&D as investment in enabling future solutions. Energy networks
and new technologies are capital intensive. Also, cost of capital
for public spending is low, thus further reducing the difference
between the private and public discount rates.

4.	DISCUSSION AND CONCLUSIONS
Innovation is key to decarbonising the energy sector and fostering sustainable development. However, post liberalisation, it has been difficult
to promote R&D and innovation in the energy sector. In this paper
we have discussed the reasons for the slow uptake of new technologies
in the energy networks. We have described economic characteristics of
the network utilities sector and proposed some recommendations to
encourage innovation in the sector. We have discussed the use of regulatory mechanisms (RAB, WACC, and cost pass-through), the creation
of competitive funding models, and the establishment of a European
research hub. To complement these main points, there are some final
remarks that we would like to add.
• We can adopt a more ‘value-based’ approach to innovation funding
and incentives rather than a cost efficiency approach. The value of
the energy benefits of green energy to the modern economy and
society increases with our dependence on these. The value of innovation in energy networks must be viewed in a system benefit
perspective and incentivised accordingly. Furthermore, this value
indeed goes beyond the energy sector and serves economic and
social objectives.
• Innovation stimulus spending packages should be viewed as investment opportunities for the future economy rather than essential
one-off spending. It makes economic sense to adopt a long-term
view and direct these innovation efforts at renewing the existing
infrastructure and as an investment opportunity to create value in
the future. Interest rates are at historically low levels, making the
current economic climate suitable for long-term investment in energy R&D and innovation. Also, social discount rate in innovation
is lower than private discount rate. In addition, societies can socialise/spread the spending and the risk among large numbers of rate
payers and taxpayers.

the R&D and innovation budgets will not be sufficient. Also, an
increase in R&D capacity will need to be gradual and built up over
time. Sudden spending increases before the capacity is in place will be
inefficient and wasteful.
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Price Efficiency, Green Transition and Channels
for Regulating Natural Monopolies:
The Case of the Distribution System Operators (DSOs)
Frede Hvelplund, Finn Arler, Henrik Lund

ABSTRACT
The subject of this chapter is the governance system of the distribution system operators (DSOs), i.e. the companies that own, operate and develop
regional and local electricity networks. These companies are natural monopolies, and subsequently need strong regulation by public authorities
and/or by consumers. The role of the DSOs has been changing fundamentally in recent years, together with the rest of the electricity system,
due to the transition from stored fossil fuel-based electricity to electricity based on fluctuating renewable energy sources. The paper analyses the
changing circumstances for the DSOs in the development of integrated smart energy systems, based on an innovative theoretical framework with a
strong focus on ownership in the understanding of governance of natural monopolies. After a comparative analysis of shareholder versus consumer
ownership, based on two cases, the paper sets up several conclusive recommendations about ownership, governance and the new role of the DSOs
in the developing smart energy system.
KEYWORDS: Price Efficiency, Natural Monopolies, Distribution System Operators, Ownership, Governance

1. INTRODUCTION
This chapter deals with the governance system of the distribution system operators (DSOs), i.e., the companies that own, operate and develop regional and local electricity networks. The DSOs are, in general,
natural monopolies, because they work in a setting where competition
from the establishment of alternative grid systems would be extremely
costly and inefficient. Due to the lack of competition, the DSOs’ activities need strong regulation, both by public authorities and by consumers in the consumer owned DSOs.
The role of the DSOs has been changing fundamentally in recent years,
from a system where stored fossil fuel-based electricity can be produced
when needed, to a system based on fluctuating renewable energy
sources that are harvested when available and converted into power
when needed by the customers. This transition challenges the role of
DSOs and the governance of their natural monopoly. The DSOs are
no longer just distributing electricity produced at large fossil fuel power
plants but are becoming active players, facilitators and coordinators in
a complex smart energy system.
It is the aim of this paper to analyse and give policy recommendations
regarding how DSO companies should be owned and governed in order to pursue the old goals of price efficiency and security of supply, at
the same time as they support the innovative transition to a zero-climate gas emission energy system. Even though consumer ownership
power is ignored in almost all economic literature as an important part
of natural monopoly governance, it is argued in this paper that consumer ownership is a very efficient way of securing stable and price
efficient electricity supply in the DSO monopolies.

Denmark has had some of the lowest electricity costs and prices in
the EU for decades. In the first half of 2020, Denmark had the lowest
excl. tax electricity prices for non-household consumers, with prices
25% below EU28 average and 40% below UK prices (Eurostat 2020).
Although unusual in most other countries, consumer ownership governance power has been, and still is, the main and most efficient way
of organizing natural monopoly companies in Denmark and a very
important part of the Danish DSO governance model.
The paper begins with a description of the changes in the context of
DSOs when a transition is taking place towards integrated smart energy systems. It then develops a theoretical framework and approach
to include ownership in the understanding of governance of natural
monopolies. Next, the paper makes a comparative analysis of external
shareholder versus consumer ownership, based on two cases. Finally, it
sets up a series of conclusive recommendations about ownership and
governance in the green transition.

2. THE FUNDAMENTAL CHANGE 		
OF THE CONTEXT OF THE DSOS
When discussing regulatory models, it is important to analyse how the
DSO localization in the electricity system value-added chain is shifting
in the transition process from a fossil fuel-based to a renewable energy-based electricity system. During the next 20-40 years, the fossil fuel
system will be replaced by energy conservation, energy storage, and
renewable energy systems. The official goals of the Danish parliament
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encompass a 100% climate neutrality in 2050, an increase in the wind
power share of electricity consumption to around 60% in 2030, and
a general reduction in greenhouse gas emission by 70% from 1990 to
2030 (Danish Ministry of Climate Energy and Utilities 2020).
This will result in a fundamental change in the electricity system value-added chain and thus also in the role of the DSOs, which in the
coming years not only have to deliver secure electricity at low prices,
but also embrace the facilitation, coordination and collaboration roles
linked to the innovative transition to greenhouse gas neutral power
production.

2.1 DSOS AND THE VALUE-ADDED CHAIN
IN A FOSSIL FUEL-BASED SYSTEM
Figure 1 illustrates the cost and value-added flow in the traditional
coal-based consumer owned electricity system. This consumer ownership has often been referred to as a non-profit system. However, as
argued later, “consumer-profit” system is a better term, since rationalization profits are distributed to the consumers by means of lower
prices. The value-added in the direct electricity supply system part represents “clean” cost numbers, as the system was a consumer-profit system, where all costs were paid by consumers, and profits were returned
to the consumers through lower prices.

Despite the extensive reduction of the fossil fuel share in the Danish
electricity supply system, the culture, organization and governance of
the present distribution system are still to a large extent shaped for the
old fossil fuel world with large central power producers. This situation
has not been fundamentally changed by the introduction of the intermediary electricity trading companies. All consumers within a specific
consumer category still pay the same distribution fee per kWh, independent of the electricity trading company used.
The electricity supply system in figure 1 is divided into a direct and an
indirect part. The direct part consists of the value added by the employees at the power plants and in the transmission and distribution systems. The distribution part of the value added includes the electricity
billing costs. The indirect electricity supply system consists of the value
added by capital equipment, such as production equipment at power
plants and grid system hardware.
Figure 1 shows that in the traditional system, only 27.3% of total electricity sales is paid to the Danish value-added employment share in the
direct system (production, transmission and distribution). The rest is
paid for imported coal and capital equipment in the indirect system.
Until the turn of the century, the direct part in Denmark was typically
controlled by a singular company that bought fuels, produced, transmitted, distributed and sold power. However, after the EU induced
reforms before and after the year 2000 (Miljø- og Energiministeriet
1999, Folketinget 2003) and later supplements, particularly with the

I. Danish Direct Electricity Supply System
1. Fuel import

2. Power
production

3. Transmission

4. Distribution
and sale/billing

8. Sale to
consumers

26%

9.3%

3.4%

14.6%

100%

5. Power plant
equipment

6. Transmission
equipment

7. Distribution
equipment

27.6%

8.6%

10.5%

II. Indirect Electricity Supply System

FIGURE 1. THE VALUE ADDED AT EACH STEP OF DISTRIBUTION IN A TRADITIONAL FOSSIL
FUEL-BASED ELECTRICITY SUPPLY SYSTEM, AS A PERCENTAGE OF TOTAL SALES.
Note. The numbers are based on concrete numbers from the transparent accounts of the ELSAM power association in Jutland and Funen and
relate to a 1998 electricity system with large coal fired power plants with a load factor of 5,000 hours. As a consumer owned system, there was at
that time 100% transparency for cost details until it was partly privatized around 2000 and the transparency policy was abolished.
Source: Based on Hvelplund, 2001.
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so-called ‘engros-model’ that was implemented through several changes
to the Law of Energy Supply between 2012 and 2016, the traditional
all-encompassing companies have been split up into separate companies (or sub-companies) focusing on either production, transmission,
distribution or sale. The licensed sale companies – many of which are
owned by the corporations that also own the DSOs, but kept separate from these – now compete on an open consumer market and buy
electricity from competing production companies and services from
the natural monopoly DSOs and the TSO. Consumers can compare
the electricity prices of the various companies on the elpris.dk website,
managed by the Danish Utility Regulator (DUR).
The direct part of the energy system continued to be organised in
well-defined direct supply companies though, and until recently, these
have not been mingled with activities in the indirect electricity supply system. However, with the transition to renewable energy systems,
this sharp separation is changing character, and the DSOs are likely to
achieve an increased role as participating in, facilitating, co-ordinating
and collaborating with the indirect system.

2.2 DSOS AND THE VALUE ADDED
IN A SMART ENERGY SYSTEM
How will the electricity system based on “new” non-fossil fuel technologies look? Figure 2 attempts to illustrate a possible answer to this
question by means of a hypothetical example, where the renewable energy system has production at the offshore, onshore and cooperative
prosumer organization level. The exact distribution will be different in
other cases, but the main characteristics remain the same.
The main principle in the distribution of value-added numbers in this
hypothetical case is that the fossil fuel plus power plant value added
of around 63% in figure 1, is replaced in figure 2 by around the same
value-added percentage in the renewable energy production, together with the systems for integrating the fluctuating energy source. The
patterned arrows in figure 2 show new activities compared to figure 1.

IV. Smart Energy System integration system
Heat

Transportation

Power to X

9. Co-ordination – Facilitation – Collaboration – Innovation 20%
I. Danish Direct Electricity Supply System

III. Consumer level

1. Organization of
power produktion

2. Transmission

3. Distribution
and trade

8. Power
consumption

2%

4%

15%

100%

5.
- Onshore RE equipment
and O&M
- Transmission equipment

6.
- Decentral RE
equipment and O&M
- Distribution equipment

7. Prosumer

20%

20%

4.
Offshore RE power
plant equipment
and O&M
15%

4%

II. Indirect Electricity Supply System

FIGURE 2. HYPOTHETICAL VALUE ADDED AT EACH LINK OF THE CHAIN FOR FUTURE RENEWABLE ENERGY AND CONSERVATION SYSTEMS, AS A PERCENTAGE OF ELECTRICITY SALES TO CONSUMERS.
Note. We assume that the renewable energy equipment and its maintenance is mainly a part of the indirect electricity supply system,
except for the offshore wind power production. In the real world the numbers may be different, but the categories within the energy
system would approximately be as indicated by boxes 1-9.
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The characteristics of the changes are:
1. The fuel import box in figure 1 is replaced by the “Smart energy
integration system” box in figure 2, i.e. the infrastructure aimed at
compensating for the loss of fossil fuel storage facilities.
2. In general, a large share of the direct electricity supply system has
been replaced by the indirect electricity supply system activities. The
value added in fuel imports and coal fired plant is replaced by value
added by employees at the wind turbine, solar panel and electricity
conservation equipment factories in the indirect system.
3. Renewable energy is to a large extend based on energy conservation,
solar panels and wind turbines, that once established are energy automatons, producing electricity to the direct electricity system.
As illustrated with the patterned arrows in figure 2, DSOs potentially
may become increasingly central actors in the new system. They are no
longer just receiving and distributing fossil fuel-based electricity, but
also participate as active facilitators and collaborators in the innovative
development and O&M of new smart technologies. These activities
encompass coordinating and preparing infrastructure for electric cars,
collaboration with district heating companies on integrating electricity
and heat through heat pumps and heat storage facilities etc., establishment of Power-to-X facilities, facilitating horizontal consumer trade
with photovoltaic and wind power, energy conservation and electricity
storage facilities.
The old task of buying and distributing electricity to consumers remains, but the DSO activities must be redesigned along with the
development of a smart energy system, where heat, electricity, transportation, and electro-fuels are integrated across sectors in order to

handle large amounts of fluctuating renewables (Connelly, Lund and
Mathiesen 2016; Hvelplund et al. 2014; Ridjan et al. 2016), and in
which a cross-sectoral approach facilitates the implementation of affordable infrastructure (Lund et al. 2016) and storage solutions (Lund
2018). The question of how the DSOs should be owned and governed
in order to cope both with old and new tasks will be discussed in the
following sections.

3. DEVELOPMENT OF THE 		
THEORETICAL APPROACH
We find it important both to be aware of the changing aims of the electricity system and to develop a theoretical approach that encompasses
the governance abilities and reactions of companies with different ownershipS. This is an extension of traditional governance theory, where
companies are not seen as different entities but supposed to react in the
same way upon a given public regulation activity (Hvelplund 2001,
Hill, R, 2000).

3.1 THE CHANGING AIMS AND 		
THE GOVERNANCE SYSTEM
The classical goals in energy systems are the need for security of supply
and cost and price efficiency. By price efficiency is meant that low costs
are reflected in low consumer prices rather than in high external shareholder profits. The new goals in a transition to a fossil free electricity
system are to become environmentally, innovation, and system efficient.

The four consumer power governance
channels in a natural monopoly
Consumer
Governance
power
through:

2. Public regulation
(DUR)

Natural
monopoly

3. Consumer ownership

DSO
4. Buying power

1. Communication power

FIGURE 3. THE FOUR CONSUMER GOVERNANCE CHANNELS.
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• By environmental efficiency is meant that DSOs must pursue societal environmental goals including a major reduction in greenhouse gas emissions.

100 employees. To put the number in perspective, one of the companies they regulate was the Copenhagen DSO, RADIUS, owned by
the electricity company ØRSTED with around 6500 employees, and a
turnover of around 9 billion Euro. These kinds of asymmetries make it
obvious that consumers’ regulative power is much stronger when discussions take the form of open political debates where consumers can
influence the political process as citizens. This influence is crucial for
public influence on new and upcoming green transition activities.

• By innovation efficiency is meant that governance system should
incite the development and establishment of new organisational
and technological systems in all phases of the innovation process
that support a green transition
• By system efficiency is meant that DSOs should support the ability
to give space for, develop and establish smart energy systems that
can integrate increasing shares of fluctuating renewable energy
sources and energy conservation.

(3) Together with consumer communication power, consumer ownership power is the most important element of governance in a natural
monopoly system. Surprisingly, consumer ownership’s effect on price
efficiency of natural monopolies is neither described in international economic textbooks nor in the scientific literature (Hvelplund and
Djørup 2019). This makes it an analytical innovation to include consumer ownership power as an important part of the governance system
(Hill, FR, 2000). This inclusion makes it easier to understand, as we
shall see later, why consumer owned DSOs react very differently to
public regulation than shareholder owned DSOs.

The question is, which DSO governance systems are efficiently pursuing both classical goals related to supply security and price efficiency,
and the new demands for environmental, innovation and system efficiency (including electricity conservation). In order to answer these
questions, it is necessary to understand how the governance system
works – particularly the links between ownership and governance.

(4) In the short term, consumer buying power over a DSO is insignificant, because all consumers, despite the possibility of shifting between
electricity trading companies, have no alternative distribution network.
They must pay the same tariff to their own “natural monopoly” DSO
company. However, in the longer term, considerable consumer buying power is executed through new consumption needs such as electric cars, electricity for heat pumps, etc., which will influence both the
DSO network design and electricity prices.

Furthermore, as openness and transparency are crucial values in any
governance system, it is necessary to have a special focus on how communicative power works alongside the classical channels of governance:
public regulation power, ownership power, and consumer buying power. It is a specific feature of the theoretical approach used in this paper
that it underlines how a consumer power governance system is executed through four channels (see also Hvelplund 2007; Hvelplund and
Djørup 2019). This is illustrated in figure 3.
A theoretical approach encompassing all four consumer power channels is fundamental for a useful description of Danish DSO governance
systems, where the majority of DSOs are either consumer or municipality owned.

4. THE GOVERNANCE 			
STRUCTURE OF THE DSOS
The number of DSOs in the Danish electricity sector were reduced
from 189 in 1999 to around 62 in 2017. Out of these, 11 are municipality owned, mainly in large cities, and 50 are consumer owned.
One very large company, Radius Net, is organized as a shareholder
company. So, until now, there is consumer or municipality ownership
in almost all Danish DSOs.

(1) Consumer communication power is the “water” in which the other
three power categories – public regulation, consumer ownership, and
buying power – are “sailing”. Low levels of information openness and
a weak democratic dialogue makes it difficult for the other three power
categories to function. Consumers cannot compare prices, the public
regulator cannot see the price calculations, and consumers as owners
cannot control their own representatives. It is interesting that there was
a much higher level of cost transparency in the consumer owned monopolies of the 1990s than there has been since the electricity system
became partly liberalized starting in around 2000.

Table 1 illustrates two different natural monopoly DSO ownership
models. One with external owners, for instance shareholder owned
or owned by foreign consumers, and another, internally owned by the
consumers that use the distribution system. The division between external or internal ownership determines whether governance power is
only executed by the state (top-down) or is complemented with consumer pressure (bottom-up).

(2) Consumer power through public regulation can, if it stands alone
without consumer ownership power, also be considered as relatively
weak, due to asymmetry of resource and information power between
the regulator and the regulated large companies. DUR has just over

TABLE 1. DSO GOVERNANCE AND EXTERNAL VERSUS INTERNAL OWNERSHIP
1. External DSO owners of
grid system (or distant
consumer owners)

2. Internal DSO owners:
Consumer ownership
of own grid system

a. Top-down regulation

Yes

Yes

b. Bottom-up regulation

No

Yes
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Table 1 shows that with external ownership there is no bottom-up price
efficiency regulation, whereas a consumer owned DSO has a double
governance system of both top-down and bottom-up regulation. In
brackets we mention “distant consumer owners” as similar to external
DSO ownership, as consumer owned companies can merge to such a
degree that the bottom-up regulation is weakened – the administration
becomes very distant – and the balance of power between the administration of a DSO and its consumers is tilted away from consumer governance power. In both externally owned, and consumer owned DSOs
there is a top-down price regulation, but the efficiency of this regulation
is dependent upon efficient bottom-up pressure.
As mentioned, the Danish DSOs are mainly consumer and municipality owned, and thus located in table 1´s consumer owned category.
The bottom-up consumer ownership power may become increasingly
inefficient, however, due to the ongoing merging of DSOs into very
large consumer owned companies.

4.1 THE PRESENT DANISH DSO 			
GOVERNANCE SYSTEM WITH 		
CONSUMER OWNED DSOS
The system with consumer owned DSOs constitutes a pincer/double
regulation regarding price-cost and environmental performance, illustrated by figure 4 below. The double regulation consists of:
A. The top-down cost, price, security of supply and environmental performance, etc. governance by the Danish Utility Regulator (DUR)
(illustrated by the broad patterned arrow).
B. The bottom-up cost and price etc. regulation by consumer or municipality ownership (broad bottom-up black arrow).
The efficiency of the top-down regulation is a function of the bottom-up regulation and vice versa.

A.

Top down price, cost and
environmental regulation

Natural monopoly DSOs

B.

BOTTOM UP price, cost and
environmental regulation
Consumer/municipality owned
(DSOs)

FIGURE 4. THE COMBINATION OF TOP-DOWN
NATIONAL AND BOTTOM-UP CONSUMER/MUNICIPALITY OWNERSHIP REGULATION.

The top-down regulation is performed through DUR. DUR is the
regulatory energy authority in Denmark and carries out tasks and assignments including controlling prices, costs, security of supply, innovation, etc. according to the energy laws within natural gas, heat and
electricity. As an organization it is independent from the Ministry of
Energy. It governs an array of legislative duties, according to the Law on
Electricity Supply § 22 (Klima-, Energi- og Forsyningsministeriet 2020),
levied upon the DSO in collaboration with the TSO (Transmission
System Operator), which since 2005 has been the state-owned company Energinet. The DSOs’ main duties are to make sure that there
is sufficient well maintained and cost efficient power transportation
available for existing power consumption, and prepare the distribution
system for power consumption.
The top-down price and cost regulation is constituted as a revenue cap
regulation (Energi-, Forsynings- og Klimaministeriet 2018; Klima-,
Energi- og Forsyningsministeriet 2020) until 2017 with a price cap
based on 2004 costs per kWh, which is afterwards both regulated up
in accordance with the annual inflation index and regulated down in
order to further increase productivity using an economic benchmarking
procedure. In this way a price ceiling is established on what the DSO
can charge. After 2017, with a revenue cap based on DPU´s estimation
of costs in each DSO. The bottom-up regulation refers to the regulative
effect of consumer ownership power regarding price efficiency, environmental efficiency etc. (blue bottom-up arrow, figure 4).
Figure 5 gives a more precise description of this double governance
system of consumer owned DSOs.
Most importantly, there is concordance between the motivation of the
consumers and the public regulator, DUR. Both want low costs and
low prices. Through their elected representatives, the consumer owned
DSOs are motivated to influence the price of the grid payment share
of the electricity prices. Both the costs and prices of the distribution
system are influenced by the DSO representatives.
In addition, consumer owned DSOs have a possibility of generating a
profit, if they distribute electricity at lower costs than the revenue cap
calculated by DUR. The consumers within the DSO grid area thus have
a dual incentive. Firstly, they want low prices for their own electricity
consumption. Secondly, they want low DSO costs in order to generate
a profit that can be used for different green transition purposes.
As the consumer representatives decide how a profit is used, this regulation model also increases the meaningfulness of becoming an elected
representative. This motivation for participation as a DSO representative is what we, in the “incentive box” in figure 5, name profit driven
democracy linked to green projects. In the case of the DSO KONSTANT, for instance, regulation has given profit and funds for a wide
range of green projects, which is further to be discussed below. Even
though these green projects are not always systematically focused upon
facilitating and coordinating smart energy system technologies, they
still strive to engage and empower local actors in the Green Transition.

4.2 GOVERNANCE OF AN 			
EXTERNALLY OWNED DSO
In May 2006, the Copenhagen Municipality owned DSO, Københavns
Belysningsvæsen, with around 1 million customers, was sold to the
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2) Support to green projects decided by representatives

Incentives:

3) Price rebate paid back the year after profit achieved

A. Consumer
profit

1) Profit

B. Green
projects

Electricity
payment

C. Profit driven
democracy
CONSUMERS

Distribution
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(DOSs)

Consumer owner
motivation
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Cost control

REGULATIVE CONCORDANCE

Electricity
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Price control

Public price control
motivation
PRICE REDUCTION

FIGURE 5. PRICE, COST AND GREEN PROJECTS INCENTIVES IN A CONSUMER OWNED DSO UNDER
A “REVENUE CAP” PUBLIC REGULATION. SOURCE: HVELPLUND (2019).

large shareholding power company DONG (now renamed to Ørsted)
for 0.63 billion Euro. In 2016 it changed name from DONG-elkabler
to RADIUS, and in 2019 DONG (now renamed to ØRSTED) sold
RADIUS to the Seeland DSO, ANDEL for 2.8 billion Euro. (The
name ANDEL, is referring to the long-standing Danish cooperative
movement, where a share is called an andel)
So in Denmark, since 2006 DONG–elkabler/RADIUS is the first and
only clear example of an externally shareholder owned DSO. Still, both
with ØRSTED as owner from 2006-2019 and with ANDEL as owner
after 2019, we are dealing with external owners, and the bottom-up
consumer ownership governance is hardly existing.
In the RADIUS case, we still have the top-down regulation by DUR,
but have lost the bottom-up cost and price efficiency due to consumer

owner regulation. Figure 6 illustrates the cost and price efficiency motivation in an external shareholder owned DSO.
The main conclusion is that an external shareholder owned DSO
primarily will be motivated to maximize shareholder profit. This is
achieved by a combination of cost minimization and price maximization by constantly trying find methods to elevate the costs that are the
base for DUR determination of the revenue cap.
DUR will try to estimate the objective right distribution costs as a base
for the revenue cap. This is not easy, both due to asymmetry of calculative and lawyer power and the fact that the controlled DSO has
detailed knowledge of the costs in their DSO, which the controller,
DUR has not. Furthermore the DSO may make organizational changes with a sub-contractor system, as we shall see later, to construct high

Profit

CONSUMERS
Electricity
payment

Distribution
system
operators
(DOSs)

Shareholder
motivation
Cost control

PRICE INCREASE

REGULATIVE CONFLICT

Electricity
supply

Price control

Public price control
motivation
PRICE REDUCTION

FIGURE 6. MOTIVATION FOR HIGH PRICES IN AN EXTERNAL SHAREHOLDER OWNED DSO.
SOURCE: HVELPLUND (2019).
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“objective“ distribution costs that constitute the cost base for a high
DUR revenue cap. Even though the procedure of creating the revenue
cap at a macro level is based on objective criteria, it is in its details implemented by means of disputable cost definitions (Forsyningstilsynet
2020, Forsyningstilsynet 2019), where the final revenue cap in cases
with strong DSOs is the result of tough competition between the regulator and the regulated DSO (RADIUS Elnet 2018, Forsyningstilsynet
2019). This fight concerning calculation of the cost base for the revenue cap risks being lost by the Danish Utility Regulator (DUR), due
to an overwhelming asymmetry of power and resources between DUR
and the regulated company, for instance RADIUS.
Often the Danish DSO regulation system is called a non-profit regulation, due to its historical cost-based pricing and the present revenue
cap regulation. But seen from an incentive point of view, the consumer
owned DSOs should rather be described as regulated by a consumer
profit mechanism, as cost reductions due to efficiency improvements
are paid back to the consumer as lower prices within a period of not
more than 5 years. A consumer profit model has a much stronger incentive to keep prices low than a privatized model.
This makes it easy to price regulate for the authorities and results in
both cost and price efficiency. It also gives the consumer owned DSOs
economic means and incentives for supporting new green technologies.
This increases the motivation to participate as an elected representative
and further green innovation efficiency. The representatives are often
just as interested in supporting the green transition as in keeping electricity prices low.

5. CASE: SHAREHOLDER VERSUS 		
CONSUMER OWNERSHIP
5.1 COMPARISON OF PRICE PERFORMANCE
Figure 7 shows that the prices in the external shareholder DSO, RADIUS, Copenhagen, are between 54% and 142 % higher than the prices
in the consumer owned DSO, KONSTANT, Aarhus. The RADIUS
prices are between 18% and 104% higher than the average prices of
all the consumer and municipality owned DSOs in Western Denmark.
How is this big price difference possible in a system with revenue cap
price control of DSOs executed by DUR? When trying to understand
this, it might be worthwhile to look closer at the organizational relationship between the mother company ØRSTED, and its subsidiary
company RADIUS. On one hand, ØRSTED is not subdued to price
control and has the right to earn a profit. On the other hand, RADIUS
is by law subdued to price control or revenue cap regulation administered
by DUR, and the company must report costs etc. However, RADIUS –
with an annual turnover around 250 mill Euro – has only one employee, its director, and borrows/leases on subcontracts the people doing
the DSO work tasks, around 700 persons, electricians, consultants etc.
from ØRSTED subsidiary company Sales and Distribution (S&D),
which has no profit restrictions and is 100% owned by the mother
company (RADIUS Elnet 2017).
When trying to explain the high RADIUS distribution tariffs, there
may be three possible reasons why they are almost twice as high as
KONSTANT’s prices. A first possibility is that it simply costs twice
as much to distribute electricity in the Copenhagen area, but we have

EuroCent per kWh

Comparison of electricity prices in an external shareholder owned
DSOs, RADIUS/Copenhagen with the consumer owned DSOs,
KONSTANT/Aarhus and WestDenmark
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FIGURE 7. COMPARISON OF ELECTRICITY DISTRIBUTION PRICES IN EUROCENT PER KWH IN EXTERNAL SHAREHOLDER OWNED DSO RADIUS, COPENHAGEN, WITH THE CONSUMER OWNED DSO KONSTANT (AARHUS) AND THE AVERAGE
PRICE OF ALL DSOS IN VESTDENMARK.
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not seen any explanations why this should be the case. A second possibility is that the ØRSTED subsidiary (Sales and Distribution/ S&D)
is extremely cost inefficient, which might be legally unacceptable, but
time consuming to investigate. A third possibility is that ØRSTED’s
subsidiary S&D is overbilling the services, which would be illegal, but
difficult to investigate. We cannot say which of the explanations are
most valid. Still, from a cost and price efficiency point of view, neither
of them are satisfactory, and the second and the third are also legally
problematic. It also remains to be explained why ØRSTED has chosen a rather strange corporate structure with only 1 employee in profit
restricted RADIUS, combined with a system of subcontracted services
from the not profit restricted ØRSTED subsidiary S&D.
It is obvious that there is a temptation to transfer profit from RADIUS
to ØRSTED. However, it should be underlined that both the PriceWaterhouse Coopers auditing and DUR have accepted the RADIUS price
and cost structure for several years. Nevertheless, in 2018 there was a
debate regarding the RADIUS prices, and in a draft report from DUR,
a large saving potential was estimated. In this draft report, an efficiency
improvement potential of 34.4% of the annual 250 million Euro turnover, or around 85 million Euro annually was estimated (Forsyningstilsynet (DUR) 2018). In the email linked to this report DUR mentions,
quote; “We call attention to the fact that this material has not been used
in the DUR decisions, and that DUR therefore considers it obsolete”.
(Letter from DUR, 11. December 2020.)
We have not analysed in depth why DUR in 2018 estimates an efficiency improvement of 34.4% and later does not use this knowledge, and
says that the conclusions in the report are obsolete. But we know that
the DUR 2018 report on saving potential underwent a hearing process,
where its conclusions were strongly opposed by RADIUS and Dansk
Energi, among others. We cannot determine whether the 34.4% saving
potential, or the much lower potential contended by several hearing
participants, is correct. But we can conclude that there was a discussion
during the hearing procedure as to whether the saving potential was
34.4% or very much lower. This in itself is an interesting conclusion,
and underlines that the “objective” cost can end up with a very broad
spectrum of values. In addition, due to the asymmetry of calculative
and lawyer resources, it is very difficult for DUR to cope successfully
with resource consuming disputes regarding cost level definitions with
large DSOs. However consumer ownership of DSOs could be one way
of doing this, as consumer owned companies, like DUR, have an incentive to keep prices low.
In August 2019, ØRSTED sold RADIUS, which they had bought for
less than 800 million Euro in 2006, to SEAS-NVE/Andel for 2.8 billion Euro. SEAS – NVE/Andel is a consumer owned company with
400,000 co-operative owners. RADIUS has around 1 million grid customers, and the customers in RADIUS so far have not received voting
rights equivalent to the number of customers. The grid distribution
system in RADIUS/Copenhagen is still not controlled by the consumers using this grid system, and RADIUS consumers do not have
a bottom-up governance capacity, as they so far only have minority
influence in ANDEL.

5.2 IT IS THE CONCRETE VERSION OF 		
CONSUMER OWNERSHIP THAT MATTERS
Because of the energy reforms in the early years of the century, old
monopolies were split up. Power transmission was taken over by the
state-owned company Energinet. The power plants were sold by the local consumer or municipality owned energy companies to the Swedish
state-owned company, Vattenfall, and the then newly established stateowned company DONG Energy A/S (now ØRSTED) – a fusion of 5
major actors in the energy sector, including the previous state-owned
company DONG (Danish Oil and Natural Gas). What was left to the
local companies, organized as consumer owned cooperative societies,
was Distribution System Operator (DSO) companies and electricity
sales, organized in new electricity sale companies.
Due to the divestiture of the power plants, the local cooperative companies became quite wealthy and could invest in other activities. This way,
several local companies became corporations with a palette of sub-companies along with the DSOs and sales companies. Electricity sales were
liberalized, and new sale companies entered the market. After a new
reform in 2016, where the so-called engros-model was implemented,
the local companies were forced to separate DSOs and sales further,
e.g., by using different names, logos and accounts for the two parts.
In the following we will describe an example of how a consumer ownership structure works. We have chosen one of the larger cooperative
corporations, NRGi – which owns the DSO analysed in table 1, KONSTANT – with 215,000 consumers/members of the cooperative society
and some 1,200 employees (when employees in subsidiaries are included). There are a few bigger companies, including the buyers of RADIUS, SEAS-NVE/Andel (seas-nve.dk; andel.dk) with 400,000 members,
and the recent fusion of two large companies in Jutland, Sydenergi (SE)
and Eniig, into Norlys (norlys.dk) with more than 700,000 members.
Other companies in Eastern Jutland are smaller than NRGi: Ewii (ewii.
dk), previously TREFOR, has 150,000 members, whereas AURA (aura.
dk) has 110,000 members. All these companies originally stem from
many much smaller local companies that have merged stepwise.

5.3 THE BOARD OF REPRESENTATIVES
Like most other Danish electricity companies, NRGi is organized as a
cooperative society, and the superior power rests with the board of 100
consumer representatives, who are elected every 4th year in each their
districts. These 100 representatives elect an executive board of 11 people,
including two representatives of the employees. Half of the board is up
for election every year, so each board member is elected for 2 years. The
board develops strategies, appoints directors etc. Board members are also
board members of sub-companies within the corporation.
The number of voters is on average between 15% and 20%, depending on the intensity of the political activity in a specific district. The
percentage of voters has increased considerably since electronic voting
was established, but in some districts the percentage is still below 10%.
This is not truly surprising, though. Electricity consumption only comprises some 2-4% of the after-tax budget of normal households – and
a change of representatives will not have major impact on the energy
bill – so many consumers show little interest in the elections. Still, they
may jump forward as watchdog voters that “bark”, if something goes
wrong in the company.
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The price of electricity, including the costs of distribution, is not the
only issue that is important for the representatives. Like other similar
companies, the NRGi corporation covers several activities or sub-companies, with a palette of green activities beside the monopoly distribution managed by KONSTANT. One of the activities is electricity sales,
not only through NRGi Elsalg, but also through other electricity sales
companies that recently have been bought, and through shares in the
company EnergiDanmark, which focuses on larger electricity consuming companies.
A significant part of the assets earned through the sale of the power
plants were invested in laying out a fibre network. This investment was
expected to be beneficial for the consumers/cooperative members in
the long run, even though it was bound to be costly in the short term.
NRGi later merged this sub-company with a similar sub-company in
the electricity company SEAS-NVE/Andel into Fibia (with the content
supplier Waoo), now a major national player in the area. Another area,
where NRGi and SEAS-NVE/Andel co-operate is the establishment of
infrastructure for electric cars through the company Clever, which sets
up stands for electricity charging.
Several of the companies that contain DSOs with distribution monopolies are engaged in developing renewable energy facilities, which will
influence the structure of the power distribution network. NRGi has
recently established a new division, NRGi Renewables, that has invested in several wind power and photovoltaics projects. A few years ago,
NRGi planned the establishment of a near-cost wind farm at Mejlflak in
Aarhus Bay. The board of representatives backed up the project, which
was only cancelled due to a major drop in electricity prices.
These initiatives make it even more appropriate to combine the management of the DSOs with the handling of other challenges in the
green transition. A natural extension of this is NRGi’s involvement in
the local municipality’s strategic energy planning (Aarhus Kommune
2020) – together with AURA and ØRSTED, which owns the largest
local power plant in Studstrup. Finally, NRGi is engaged in energy
savings and efficiency in buildings and construction through ownership of the consulting firms EBAS and KUBEN Management, and in
electrical installations through the company EL:CON.
For all energy companies, the major issue these years is how to organize
the needed green transition, and like other consumer owned companies, a focus point of NRGi is sustainability and how to contribute to
the developing smart energy systems. This development is also in full
compliance with – and probably the only way to fulfil – the DSOs’
set of duties according to previously mentioned § 22 in the Law on
Electricity Supply.
This is also reflected in the discussions in the board of representatives,
which not only relate to consumer prices, but comprise a broad range
of questions like: How much should the company invest in wind power
and photovoltaics? How can the duty to further energy conservation be
better fulfilled? Should the company make further long-term investments in facilities for electric cars? Etc. These and similar questions
have become increasingly important during the latest decade and now
even overshadow another major – controversial – subject, the involvement in fibre network layout and communication. The representatives’
broad approach is fully in line with a strong long-standing trend in
Danish energy policy, where policy engagement cannot be reduced to
short-sighted gain (Arler et al. 2020).

5.4 LESSONS LEARNED
Like most other cooperative electricity companies, NRGi has an extensive website (nrgi.dk). This includes a page where the consumers/
shareholders/voters can see the candidates – with photos and 5-10 lines
CV and policy – from each of the election districts as well as the results
of the latest elections. The districts are placed in the Eastern part of
Jutland (figure 8). Several of the districts go back to the old smaller
DSOs, from which NRGi has emerged through mergers. The election
in districts makes it possible to deal with specific local problems and
possibilities.

Ho bro
Mariag er
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Silkebo rg
Skanderbo rg

Ho rsens
Vejle
FIGURE 8. NRGI´S CURRENT DISTRICTS (HTTPS://ANDELSHAVER.NRGI.DK/SELSKABET/). THE AREA IN THE
MIDDLE BETWEEN THE TWO CLUSTERS OF DISTRICTS
IS OCCUPIED BY THE COMPANY AURA AND, FURTHER TO
THE WEST, NORLYS.
The general policies of NRGi can be seen on the website, including
information on business areas, green projects and policies, annual reports, etc. Altogether, the combination of a website, electronic elections and policy advertisements for candidates is fundamental for the
maintenance and development of democracy. At the same time, NRGi
is embedded in a top-down regulation with revenue cap regulation
and regulation regarding openness of information. Some lessons can be
learned from the organization of the consumer ownership in companies like NRGi:
1. Big and small. NRGi is a both big and small organization. 220,000
shareholders is a very large number, but the division into 24 districts lowers the size of each election district to less than 10,000. The
number of districts will be reduced to 9, and the number of representatives to 90, in order to boost public interest in the elections, but
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the connection to the members may still be intact. The organization
is big enough to take major green transition initiatives and to reap
size advantages, but small enough to protect the close relationship to
the consumers/members.
2. Openness of information. The website with policies and intentions,
and email and postal addresses for all consumer representatives
makes it possible for the shareholders to communicate with their
representatives.
3. Owning the grid. The shareholders are cooperative consumer shareholders of their own distribution grid. They profit from streamlining and can influence the specific development of the grid to make
it suitable for green transition initiatives.
4. Revenue cap and profit for green initiatives. KONSTANT is regulated
by a revenue cap regulation. If the company is cost efficient, it may
perform below the cap and earn a profit, which the elected representatives can use either for price reductions or, for instance, for
selected green projects.

6.2 WHAT HAVE WE LEARNED?
It was proven useful to apply a novel theoretical framework of the governance system with four consumer power areas: ownership power, power through public regulation, buying power and communicative power.
A special feature in this framework is that consumer ownership power
is included as a part of the DSO governance structure in a combined
bottom-up and top-down regulation system.
This is an innovative approach not dealt with in existing regulation
literature, but it makes it possible to understand how the efficiency
of public regulation of natural monopolies depends on the ownership
structure of the regulated company (DSO). Furthermore, this paper
has introduced the concept of “price efficiency”, which makes it possible
not just to focus on cost efficiency, but also to analyse the difference
between prices and costs, and thus analyse the level of ownership transaction costs of specific ownership models.
Based on the analyses, various conclusions can be drawn. The main
lessons are:

As shown in table 1, KONSTANT has been able to keep prices low
compared to the external shareholder DSO RADIUS. The profit is
used for an array of green projects. These projects are not all systematically linked to the establishment of smart energy system solutions,
though. Some are, for instance, intended to empower local organizations by satisfying their electricity needs in greener ways.

- A four-consumer power governance system, or a combined topdown and bottom-up regulation of a natural monopoly like a DSO
is more price efficient than an externally owned shareholder owned
DSO. This is the case because consumer owned DSOs are relatively easy to price regulate, as consumers want the same as DUR: low
consumer prices. The DSOs should therefore be consumer owned.

6. CONCLUSION

- Consumer ownership areas should be identical with supply areas to
preserve an inherent ownership-linked interest in low prices. If a
foreign consumer owned company (A) owns a DSO in another
area (B), the foreign consumer owned company (A) has no inherent ownership interest in keeping the consumer prices low in
area (B).

6.1 THE CHANGING ROLE OF THE DSOS
The changing role of the DSOs is elucidated in the transition from
figure 1 to figure 2. Instead of just governing added value of around
25% of the electricity price as distributors of electricity from fossil fuel
power plants, the DSOs are becoming actors, facilitators and co-coordinators of 80-90% of the added value of the smart electricity system.
This way they also achieve co-responsibility for activities outside the
electricity sector.

- Ownership of DSO grid systems by foreign/external consumers should
be converted to consumer ownership, where consumers own the grid
system from which they get their electricity. A DSO owned by
external shareholders is very difficult to price regulate. External
shareholders want profit via high consumer prices, and since they
have superior calculative and lawyer power to DUR, they can find
ways and arguments for increasing the cost base for the revenue
cap determination.

The electricity sector is losing the storage facility of using fossil fuels,
where electricity can be produced when it is wanted. Instead, renewable
energy resources are being used that must be harvested, when the sun
shines, the wind blows, etc. Without fossil fuels, the security of supply
must be guaranteed by a series of interrelated activities in a smart energy system, including combining heat and electricity, electric cars, Power-to-X (fuels), flexible electricity consumption, some biomass-based
electricity production and electricity conservation.

- Consumer ownership is not “enough” in itself; it is the type of consumer ownership that matters. Values like transparency and genuine
consumer/citizen involvement are crucial for the green transition.
The organisations containing DSOs should also become still more
aware of and take responsibility for the replacement of the storage
facility of the fossil fuel system. Many decisions need to be made
on the local level, and the consumer owned energy companies with
DSO responsibility are key players in this transition.

This smart transition must be coordinated, facilitated and “produced”
by a number of actors in a complicated collaboration process. This
points to a new and central role of the DSO cooperative, at the same
time as the old role of distributing electricity with high supply security
and at reasonable prices remains.

- There are not sufficient incentives that make the DSOs invest in
and/or facilitate and co-coordinate smart energy system solutions,
such as facilities for electric cars, co-coordination of fluctuating renewable energy with district heating and heat storage, Power-to-X
systems, developing and supporting electricity savings, etc. This
should be changed.
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- The DSO should not cover too large an area. When DSOs merge, it
becomes more and more difficult for ordinary consumers/citizens
to participate and become engaged in the development of smart
energy systems. The process will be become still more dominated
by technicians and professional politicians. Rules should maintain
the motivational link between the consumers and the grid system
they own. Some DSOs should be split up; they can still cooperate
on major projects.

Folketinget 2003: Aftale om udviklingen af det danske energimarked, 9 May 2003

- It should be considered whether the grid system should be opened
for horizontal communication/trade of electricity between consumers
and producers in an area. Rules could be established that make the
cost calculations behind the grid leasing price transparent. This
might free up an innovation potential of the kind that is essential
for a successful transition to renewable energy and for achieving
the 70% greenhouse reduction goal in 2030.

Hill, R. 2000: “The case of the missing organizations: Cooperative, and the textbooks”, Journal of Economic Education 31 (3), 281-295.

In several of the DSO-owning organisations a lot of green projects
have been started, either by means of the profit earned due to lower
costs than the revenue cap or as investment opportunities. But
these projects are not always systematically dealing with the establishment of smart energy system technologies that replace the lost
storage facility of the fossil fuel systems. This should be encouraged
more wholeheartedly by the regulation of the energy sector.
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ABSTRACT
District heating is important for the transition to sustainable energy systems. In order to implement district heating, consumers’ trust and acceptance of this technical monopoly structure is necessary. This necessity leads to the question of price regulation and ownership in the district heating
sector, since these institutional structures are the measures for creating trust and acceptance. This article is based on a Coasian approach, where
information costs and concrete institutional structures are at the centre of the analysis. This approach is applied for the purpose of understanding
the role of consumer ownership in the district heating sector. An ownership model which has been shown to be the most efficient in Denmark.
Through a detailed empirical case study, it is shown how private commercial companies have avoided the state regulatory monopoly price regulation and inflated consumer prices. The case study also describes how changes in ownership immediately led to price reductions. It is concluded
that the consumer ownership model has played a vital role in getting price regulation to succeed and thereby consumers to trust and accept the district heating systems in Denmark. This result is an important contribution to heating policy development as well as monopoly regulation theory.
KEYWORDS: District Heating, Monopoly Regulation, Ownership, Transfer Pricing, Coase

1. INTRODUCTION
The Green Transition of the European energy supply is putting district
heating regulation on the agenda. First, this policy area is important
for establishing new energy supply systems because district heating has
a very large technical potential across Europe (Connolly et al., 2014;
Möller, Wiechers, Persson, Grundahl, & Connolly, 2018; Persson,
Möller, & Werner, 2014). Second, the transition towards integrated
renewable energy systems may bring about new questions regarding
regulation of existing energy supply systems.
Denmark is a country with a high share of district heating in the heating
supply and many years of experience with district heating regulation.
This paper will look at the consumer ownership model that is in place for
a majority of Danish district heating systems. It analyses how this ownership model works and how the model fits into the Green Transition.
Questions of ownership models in the Green Transition have been investigated in many studies. Outside the district heating monopolies,
several papers have addressed the influence of ownership structures
on wind power acceptance, among others (Barry & Chapman, 2009;
Devine-Wright, 2005; Warren & McFadyen, 2010). Gorroño-Albizu
et al. argue that citizen ownership has had an important role for the
investment in and implementation of decentralised sustainable energy
technologies. The study helps to understand the diversified spectrum
of ownership models by describing the empirical characteristics of cit1* Corresponding author: sodj@norceresearch.no

izen ownership models for wind turbines and district heating systems
in Denmark in the period of 1975-2016 (Gorroño-Albizu, Sperling, &
Djørup, 2019). The role of communities and citizen involvement in
energy supplies have also been studied in other national contexts (e.g.
Hoicka & MacArthur, 2018; Kooij et al., 2018; MacArthur & Matthewman, 2018; Rogers, Simmons, Convery, & Weatherall, 2008).
Based on the Danish electricity distribution sector, Hvelplund and
Djørup argue that consumer ownership of natural monopolies historically has played an important role in keeping prices low and thereby
providing financial ‘space’ for innovation in renewable technologies.
Further, the article presents the hypothesis that consumer ownership
will play an important role in smart energy system innovation, where a
high degree of coordination across sectors will be necessary (Hvelplund
& Djørup, 2019), while Gorroño-Albizu takes it a step further and investigates the question of whether local, cross-sectoral consumer ownership may improve efficiency (Gorroño-Albizu, 2020). Meade and
Søderberg address consumer ownership through an empirical study of
the electricity distribution sector in New Zealand. They conclude that
consumer ownership is associated not only with lower prices, but also
higher quality, efficiency and welfare (Meade & Söderberg, 2020).
Earlier studies have highlighted a statistical correlation that indicates
that the consumer ownership model is the most cost efficient model
under the true cost regulation that applies in the Danish district heating sector. The true cost price regulation principle implies that the heat
price consumers pay cannot be higher than the true cost of supplying
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this heat. This price regulation principle can thus be perceived as a
not-for-profit regulation, but has also been called a ‘consumer profit’
regulation, since any realised profit within a certain year has to be paid
back to consumers through reduced heat bills in subsequent periods. It
will be analysed below how and why consumer ownership historically
has been more cost efficient than private commercial ownership structures, addressing the question: What lessons can be drawn from the
Danish experience with ownership models for the future regulation of
district heating in Denmark and Europe? The paper will thus attempt
to identify causalities in the institutional structures that can explain statistical correlations – for the purpose of providing learnings for district
heating policies.
The role of district heating in the Green Transition is identified by
reviewing state-of-the-art literature on the strategic potential of district
heating in relation to the Danish and European decarbonisation goals.
The theoretical approach also contains some economic lessons, primarily drawn from Coase and Hayek. These theoretical lessons are then
put into the context of the policy problem at hand: How to regulate
district heating monopolies. It follows from the theoretical approach
that detailed case studies are necessary to understand how different institutional settings work in practice. For the present purpose, the focus
of our cases is on the influence of ownership structures on the effectiveness of price regulation.
A previous econometric analysis will be supplemented by detailed case
descriptions where the efficiency of the district heating price regulation
under different ownership regimes is analysed. These qualitative empirical analyses are an important supplement to the theoretical literature
on regulating energy supply monopolies, since they provide lessons
from a concrete institutional setting where transaction and information
costs are a major factor for overall economic efficiency.
The paper concludes by combining the knowledge of strategic district
heating potentials with lessons drawn from historical experiences regarding ownership models. It is concluded that the consumer ownership model has been vital for a well-functioning price regulation in
the Danish district heating sector, ensuring consumer trust. Consumer
trust is a basic prerequisite for achieving the environmental and economic benefits from district heating systems in renewable energy systems. Likewise, the cases described in the text illustrate how private
commercial ownership may undermine the strength of state regulative
power, which in turn undermines consumer trust and prevents the implementation of sustainable and efficient heating infrastructures.

2. THE PROBLEM AND HOW TO 		
THEORETICALLY APPROACH IT
Before diving into the case study, it is important to outline the theoretical approach to the problem at hand. The theoretical approach can be
summarised by establishing the following five key points:
1) The Green Transition of the energy system is dependent on
district heating
2) District heating is dependent on consumers’ trust
3) Consumers’ trust is dependent on price regulation

4) Price regulation is dependent on the provision of information
5) The provision of information is dependent on ownership
This section establishes a theoretical basis for the overall aim of the article: To clarify and highlight why ownership is important for the implementation of district heating systems and thereby also for the Green
Transition. This will be done by first describing the role of district heating systems within the perspective of the Green Transition, and second,
by describing a theoretical approach to regulatory problems.

2.1 DISTRICT HEATING SYSTEMS
IN THE GREEN TRANSITIONT
Recent developments in energy systems research identify a central role
for district heating systems in the ongoing decarbonisation aspirations. Both in Denmark and across Europe, significant potentials have
been documented.
The Heat Roadmap Europe studies show the benefits of district heating
to be valid across the whole European continent (Connolly et al., 2014;
Möller et al., 2019; Paardekooper et al., 2018). To realise the full potential documented in this research, thousands of new district heating
systems will have to be established in this decade across Europe.
For leading district heating countries, such as Denmark, the 4DH
research project has developed the concept of 4th generation district
heating (4DH) as a technical strategy for transitioning thermal infrastructures into renewable energy systems with the highest efficiency
(Lund et al., 2014) (Lund et al., 2018). This strategy is characterised
by a lower distribution temperature (going from ~90 C° towards ~55
C° forward temperature), which provides higher energy conversion efficiencies and improves the feasibility of a wider range of sustainable
heat sources – all of which contribute to reducing fuel consumption
in primary energy supply. To achieve these technical benchmarks, system development has to be coordinated. System development along the
4DH route involves investments and upgrades beyond the managerial
control of the district heating company (Djørup et al., 2020). Particularly, heat savings in consumers’ buildings and efficiency improvements
in building installations will be important in order for district heating
companies to achieve lower distribution temperatures (Krog, Sperling,
Svangren, & Hvelplund, 2020). Temperature reduction is therefore at
the core of the 4DH strategy and central to sustainable development
of the energy system.

2.2 THEORETICAL APPROACHES
TO REGULATION
Consumer acceptance is a premise for the implementation of technical
advances in the heating sector. This acceptance is often perceived as
challenging when the right regulatory infrastructure is not in place.
The regulatory problem that the regulation should address is characterised by what is traditionally termed a condition of "natural monopoly". This condition is established by economic circumstances, primarily
that the district heating grid is so capital intensive that having several
competing grids within a certain geographical area is economically unfeasible. Thus, the company that owns the infrastructure is not in a
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4. Communicative power
B) Dimensions of
governance
1. Ownership power

A) Consumers

2. Buying power

C) Supply system

3. State regulative
power

Energy price

FIGURE 1. FOUR DIMENSIONS OF POWER IN AN ENERGY DISTRIBUTION SYSTEM.
SOURCE: HVELPLUND & DJØRUP (2019).
situation where it competes with other similar services. In theory, the
district heating monopoly can be exposed to competition from single
house solutions, such as individual heat pumps and biomass boilers.
However, in practice, this competition is often restricted by other factors (Odgaard & Djørup, 2020).
The theoretical approach to regulation is based on four basic dimensions of regulation through which consumers can control the monopoly, namely 1) ownership power, 2) buying power, 3) state regulative
power and 4) communicative power (see Figure 1). While buying power and state regulative power are often in focus in mainstream economic textbooks, the ownership power and communicative power dimensions are often overlooked or neglected.
Classic economic textbooks often treat regulatory problems through a
model with a binary choice between “market” and “regulation”, that is,
between buying power and state regulative power. In the Danish energy
sector, ownership power has historically been an important regulative
strategy as, for example, district heating grids have been owned and operated primarily by consumer-owned or municipality-owned companies.
Similarly, the communicative power element is shown to be important since it, for instance, involves transparency of costs and prices,
facilitating comparison of the performance of different district heating
companies. Communicative power tends to be limited in private company settings due to the necessary protection of commercial interests,
whereas these interests are practically non-existent in consumer-owned
and municipality-owned district heating companies. Thus, the sharing
of information on costs, prices and technical data with consumers, the
regulator and other district heating companies is a widespread practice.
The absence of ownership power and communicative power in economic textbooks can be linked to the critique of neoclassical econom-

ics put forward by Hayek and Coase. While neoclassical economics
works under the assumption of full information as a default condition in the theoretical approach, Hayek and Coase use the condition
of imperfect information as point of departure for theoretical analysis.
Their work has been pioneering and many scholars after them have
analysed different perspectives of the role of information and information asymmetries. However, for the present purpose, their fundamental theoretical building blocks are deemed adequate for constructing a
theoretical framework that helps understand the role of ownership in
Danish district heating.
Coase’ work on transaction costs is based on such an information problem where transaction cost is defined as the cost of using the price
mechanism (Coase, 1937, 1960). That is, there is a coordination cost
of the market organisation, which is connected to the cost that the
market participants incur for acquiring adequate levels of information.
These costs of using the market – the transaction costs – hamper the
efficiency of markets compared to the neoclassical ideal model. And in
turn, the transaction cost is therefore a key element for understanding
the role and purpose of economic organisation and institutions in a
‘free’ market economy.
Just as market participants face coordination costs derived from imperfect information, the regulator also faces an information-related coordination cost. The core characteristic of this information problem was
identified by Hayek in his critique of central planning (Hayek, 1937,
1945). The central argument here is that the regulator’s problem is an
information problem because knowledge is dispersed in society and
cannot be collected and fully conveyed to a central agency. The core
argument is that it is costly to transfer knowledge to central agencies,
and therefore, central agencies are likely to hold imperfect knowledge.
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Coase and Hayek therefore seem to be addressing the same issue from
two different angles: the influence of imperfect information on economic organisation and efficiency. Just like a central regulator is handicapped by the lack of information, the same lack of information in
companies handicaps the efficiency of the market through transaction
costs. From this condition, Medema (2013) concludes:
“The problem, as Coase emphasised, is that both market and government
coordination are costly, and neither will generate the optimal solutions contemplated by economic theory. Society thus faces a choice among imperfect
alternatives and this, in turn, necessitates the adoption of a case-by-case,
comparative institutional approach to the problems of economic policy.”
(Medema, 2013)

Both the true cost regulation in Danish district heating and the alternative benchmarking models can in Hayekian terms be characterised as
central planning mechanisms, where regulatory agencies try to decide
on "correct costs".
Unlike the regulator, the regulated party typically holds more knowledge of the true costs. This condition of asymmetric information is a
key hindrance to the Danish authorities’ ability to price-regulate district heating companies, as experience has shown. Basically, they are dependent on the good will of the regulated company in order to succeed
in the regulation. Or in other words, the interests of the regulator and
the regulated party have to converge – in this case, low district heating
consumer prices.

For convenience, we refer to these information-derived economic factors as the ‘Coasian fundamentals’ in the remaining text.
How do we then connect the Coasian fundamentals to the present problem of regulation and the four dimensions of regulation in Figure 1?
First, it should be evident that an assumption of full information
makes considerations about communicative power obsolete. By contrast, communicative power has an obvious role when information is
imperfect and dispersed.
Second, maybe as a less intuitive relationship, the assumptions about
full information can also be linked to the neglection of the ownership
power dimension in mainstream economics. The theoretical link is the
following: In the absence of transaction costs, Coase shows in the article “The Problem of Social Costs” that the allocation of rights does not
matter for the final allocation of goods and resources (Coase, 1960).
However, as Coase highlights on several occasions, the transaction cost
is present and is a fundamental theoretical concept for understanding
economic organisation (Coase, 1937). It is widely recognised that the
concrete forms of transaction costs come as search and information
costs, bargaining costs, policing and enforcing costs, monitoring costs,
etc. All these activities are directly related to the provision of knowledge in situations where full information is not present. In other words,
transaction costs are directly linked to imperfect information. Thus,
when transaction costs are accepted to be present it is incompatible
with the neoclassical analytical approach founded on an assumption of
full information.
The theoretical proof that Coase provided in the “Problem of Social
Costs” is therefore the following: Only in a hypothetical world of zero
transaction costs – full information – can the allocation of rights be
ignored or neglected by economic theory. In the real world, where
transaction costs are positive, the (ownership) rights and institutions
must be part of the economic analysis always and everywhere (Djørup,
2020b). That is why Coase himself proposed in his Nobel Prize lecture
that the concept of transaction costs had to lead to a revolution in
economic theory (Coase, 1991). He also noted that this had not yet
happened (Djørup, 2016).
While the debate often centres on how to create the most efficient state
regulation when market conditions are hampered by monopolies, the
scope of the present text is to highlight how ownership has played an
important role in making existing price regulation work in the district
heating sector.

2.3 INFORMATION, OWNERSHIP AND PRICE
REGULATION OF DISTRICT HEATING
While consideration of the Coasian fundamentals is at a very abstract
and theoretical level, it is pertinent to outline the theoretical landscape
in which we now turn to the more concrete and practical policy questions of regulating district heating monopolies. First, we will interpret
the Coasian fundamentals in relation to the monopoly regulation problem. Thereafter, in the next section, we will dive into the empirical experiences of district heating monopoly regulation in Denmark.
Figure 2 illustrates how companies are regulated in a ‘normal’ market
situation and Figure 3 in a monopoly situation. In a normal market
situation, where ownership rights are not assigned to consumers, there
is a conflict of interests and aims between the regulator, company and
consumers. In the simplest version, companies have an interest in high
prices while consumers and the regulator have an interest in low prices.
The state regulative power is supplemented by consumer buying power
in order to control the company and its prices. The consumer buying
power is derived from competition between suppliers. Especially when
the demand curve is steep, consumers’ buying power is dependent on a
competitive situation on the supply side.

State
State regulative power

Company
Buying
power

Interests are
not aligned

Price

Consumer

FIGURE 2. ILLUSTRATION OF MARKET REGULATION IN A NON-MONOPOLY SITUATION.
SOURCE: DJØRUP (2020A).
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In the monopoly situation, the buying power of consumers is dismantled due to the monopoly situation. If consumers do not have ownership rights, only the state regulative power dimension is left to control
the price level, which the company has an interest in increasing in order to maximise profits. Thus, the state often would try to implement
some sort of regulated price through price cap models, true cost price
regimes, benchmarking, etc.

State
State regulative power

Company
Buying
power

Interests are
not aligned

Price

Consumer

FIGURE 3. ILLUSTRATION OF THE MONOPOLY
CONDITION. SOURCE: DJØRUP (2020A).
However, the state regulative power is limited by lack of information,
since it is the regulated party – the company – that holds the full information on true costs. Since the interests of the company are not aligned
with state and consumer interests, the company is not likely to fully
disclose the full cost information which would allow the regulator to
fully determine the correct price level.
Figure 4 illustrates how changes in ownership rights can become an important regulative dimension in such a monopoly situation. In the case
of consumer ownership, the interest of the regulator, the company (the
owners) and the consumers are the same: low prices. The change from
private commercial ownership to consumer ownership improves the

State
State regulative power

Company
Ownership
power

Interests are
aligned!

Price

Consumer

FIGURE 4. ILLUSTRATION OF THE MONOPOLY REGULATION IN THE CASE OF CONSUMER
OWNERSHIP. SOURCE: DJØRUP (2020A).

price control. By supplementing the state regulative power directly with
ownership power, and by enhancing the efficiency of state regulative
power through a greater willingness to share and disclose information.
Further, there are more potential system benefits from consumer-owned companies and the willingness to share information. This
may not only be important for the state to enforce a price regulation.
It can also be important from an innovation perspective, as the geographically bounded consumer-owned monopolies are not direct competitors, but could achieve mutual gains through information sharing
and collaboration.
In the following, we will analyse a case of private commercial ownership of district heating monopolies. By exploring this case, we provide
lessons on how the state is hindered in enforcing its price regulation
because of a) the asymmetric information between regulator and the
regulated and b) the lack of interest alignment, which means that the
company is not willing to share its information and collaborate. As will
be shown, this has led to heavily inflated price levels for consumers. Before analysing the cases, we introduce some general statistical evidence
that the consumer-owned companies – as expected in the theoretical
approach above – have been more cost efficient and have provided lower prices for consumers. Afterwards, we provide a detailed description
of how private commercial companies have avoided the price regulation, supplemented by descriptions of how a change in ownership improved the situation in several cases. Finally we summarise the findings
and put them into the perspective of the ongoing Green Transition.

3. LOWEST CONSUMER PRICES 			
IN CONSUMER-OWNED DISTRICT
HEATING COMPANIES
In 2012, the Danish Energy Regulator Authority (DERA), later renamed to the Danish Utility Regulator (DUR), published a comprehensive analysis of consumer prices for all the country's district heating
(DH) companies (DERA, 2012). The aim was to document the importance of the primary fuel source, urbanity, size of plant, and ownership
for the consumer price. An economic regression analysis was made with
an explanatory factor of 62 %. It is not possible on the basis of the
analysis to determine whether the factors directly affect district heating
prices or whether they are merely indicators of the factors affecting
district heating prices. Thus the study must be taken with some precaution. This analysis is still the most thorough and comprehensive one
ever done of consumer prices at Denmark's DH plants. The conclusion
on ownership is summarized in Table 1.
As illustrated in Table 1, the directly consumer-owned DH companies
offer slightly cheaper consumer prices than the municipality-owned
DH companies (DKK 1,167 for a typical household), and much
cheaper prices than the commercial DH companies (DKK 5,719).
That is the additional price, when adjusted for the impact of fuel
source, urbanity, and scale of production.
As the weighted average consumer prices for DH amounted to 13,359
DKK in the same period (Danish District Heating Association, 2015),
the municipality-owned and commercial companies were roughly 9%
and 43% more expensive than the consumer-owned DH companies,
respectively. The price difference, especially compared to the commercial companies, is noteworthy.
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TABLE 1. REGRESSION ANALYSIS OF ANNUAL CONSUMER PRICES
ACCORDING TO OWNERSHIP OF DH COMPANIES, 2011/12
Ownership

Difference/year for standard heat customer (DKK)

Consumer Cooperative

0 (reference)

Municipality-owned

+ 1,167

Commercial company

+ 5,719

Source:
Authors Authors
calculationcalculation
on data from
2012.
For technical
see appendix
1. see appendix 1.
Note. Source:
onDERA,
data from
DERA,
2012. remarks,
For technical
remarks,

Later analyses have been conducted, but they are not of the same quality as the regression analysis mentioned above. All later analyses are
based on average figures, and a large share of the commercial companies have been sold back to the consumers or municipalities, and are
thus included in the categories of consumer-owned and municipality-owned DH companies. Furthermore, from 2018 onwards there are
no statistics on commercial DH companies, as this category consists
of a very limited number of companies, which is now included in the
category of ‘other ownership’.
However, an indication can be found in DUR’s current statistics on
DH prices. These have been used to analyse the consumer prices on
a weighted average for each ownership category, but have not been
adjusted for the impact of the primary fuel source, urbanity, and size
of plant. Thus, the trend and not the nominal values of the heat prices
will be noted. The consumer prices have changed during the 4 year
period (2012/13 to 2016/17) as shown in Table 2:
Table 2 illustrates that the consumer-owned DH cooperatives continue
to gain competitiveness in relation to the municipality-owned companies, and especially, compared to the commercial DH companies. The
consumer-owned DH companies have delivered a 16% reduction in
consumer prices over the four years, while the municipality-owned DH
suppliers have delivered a 5% reduction. In contrast, the consumer price
at privately owned DH suppliers has increased by 7%.
Thus, it can be concluded that there are significant differences in consumer prices depending on the ownership of the DH supplier. The
most thorough examination, based on a regression analysis of all DH
companies in Denmark in 2011/12, documents district heating supplied by commercial DH companies as being more than 40% more
expensive than heat delivered by the consumer-owned DH companies.
A later analysis of the 4 year period to 2016/17 based on weighted

average consumer prices indicates that the price differences according
to ownership have increased even further.
The following sections shed light on the explanatory factors behind the
rising heat prices at the commercial DH companies, and how the lack
of consumer influence and control at these companies and insufficient
regulation can contribute. Finally, it will be described, how the challenge of high DH prices can and has been solved.

3.1		CASE STUDIES OF E.ON’S SHARPLY 		
		RISING CONSUMER PRICES IN 		
CONSUMER-OWNED DISTRICT 		
HEATING COMPANIES
The reason behind the increase in consumer prices at the commercial
DH companies is that most of these are/were owned by E.ON. Each of
E.ON’s DH companies was organized as a daughter company directly
under the parent company. E.ON’s DH companies made up a modest
share of the total DH in Denmark. As DH is by far the main heat
source in Denmark – 2/3 of all residential buildings are heated by DH
– E.ON bought several DH companies, as outlined below.
This development started in the years around 2005, when the transnational energy company E.ON took over several Combined Heat and
Power (CHP) plants in east Denmark, i.e. Zealand. Some plants were very
small (e.g. Annebergparken), while others were of medium size (e.g. Frederikssund Kraftvarme). E.ON bought these CHP’s (and a number of very
small CHP units without a distribution network not mentioned here)
from NESA, when NESA was merged with other energy companies.

TABLE 2. ANALYSIS OF CONSUMER PRICES ACCORDING TO
OWNERSHIP OF DH COMPANIES, 2012/13 TO 2016/17
Ownership
Consumer Cooperative

Change in comsumer price over 4 years for a standard heat customer
- 16% (to 12,0037 DKK)

Municipality-owned

+ 5% (to 13,013 DKK)

Commercial company

+ 7% (to 13,459 DKK)

Source:For
CEVEA
2018.remarks,
CEVEA’ssee
calculation
is based
on data
from DUR.
For technical
see appendix
Note.
technical
appendix
1. Source:
CEVEA
(2018).
CEVEA’sremarks,
calculation
is based1.on data from DUR.
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Most of these companies increased their consumer price by 40-60% in
the course of roughly 4 years from January 2009 onwards (DUR, 2018)
– including the DH companies in Hjortekær, Gørløse, Skævinge, Ørslev
Terslev, Annebjergparken, Slagslunde and other locations.
The consumers brought the case to DUR, which made a statement – i.e.
a preliminary ruling – in June 2009 (DERA, 2009). It concluded that
E.ON set its heating prices in an opaque and unreasonable manner.
This gave rise to thorough analyses and lengthy negotiations between
DUR and E.ON. The Energy Appeals Board and the civil courts have
also been involved due to numerous complaints and appeals from consumers in many localities. The case became subject to an increased political focus on the issue, which was partly spurred by the intense media
coverage (The Climate, Energy and Building Committee, 2012) and a
substantial investigation into E.ON’s price setting by DUR.
DUR’s preliminary ruling gave rise to a host of detailed analyses and legal disputes, which lasted for several years. The lengthy analyses of the
entire case found that the consumer prices rose due to several factors,
some of which are outlined below.
According to Danish DH regulation, the consumer prices must be the
true costs of producing and distributing the heat. The true-cost principle has the disadvantage that privately owned DH companies have
an incentive to boost expenses, as high costs will be covered by the
consumers. The Danish regulation aims to prevent such behaviour by
stipulating that all costs must be market conducive (Retsinformation,
2015; Terp, 2015). Thus, if a local DH company purchases fuel and
services from a parent company, the prices must not be higher than the
market price, in order to prevent unreasonable prices or transfer pricing.
However, Danish experience shows that the principle of non-profit
costs can be circumvented, when daughter companies purchase equipment, fuel, and services from a parent company. There is no fixed definition of a ‘market-conducive price’. Some actors purchase fuel, equipment and administrative services and obtain loans at relatively high
prices, whereas others do so at relatively low prices. Thus, by selective
price setting at the CHP’s, it proved possible to increase the local DH
costs and thus consumer prices substantially.
In order to prevent decisions on unfair price setting, the law prescribed
that consumer representatives must be part of the board, where such
decisions were made. But the consumer representatives in the board
of ‘E.ON Varme Danmark’ were excluded from the mandatory board
meetings, where important decisions on prices and delivery conditions
were made. This restricted consumer influence, in violation of the Heat
Supply Act and subsequent regulation. When DUR made this decision
in January 2008 (DERA, 2010a), the consumers had been without
influence for the entire period that E.ON had owned the heat supplies,
i.e. for 2 years and 5 months.
Consequently, DUR sharply criticized these matters and decided to
conduct stricter supervision of the company's compliance with the provisions on consumer influence until the end of 2009 (DERA, 2009).
• Furthermore, DUR could not obtain data and simple documentation for the actual costs. E.ON refused to give DUR access to these
data. Therefore, the Heat Supply Act had to be amended in 2010 so
DUR could monitor E.ON’s prices and intra-corporation transactions. Only then could the case be advanced and investigated.
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As mentioned, E.ON may only charge market prices for company-internal services. Therefore, E.ON’s intra-corporation interest rate
of 6.5% was investigated. This is of major importance, as the local
E.ON subsidiaries borrowed the entire purchase price for the CHPs
and the DH networks from the parent company. DUR considered the
interest rate to be high in 2009, and perhaps too high, as the interest
rate was declining in most financial markets. A dialogue was initiated,
and E.ON changed the internal interest rate. From 2010, E.ON’s intra-group interest rate was lowered to the interbank interest rate (CIBOR) + 2.5% (DERA, 2012).
Thus, when E.ON acquired NESA's DH supply in October 2005, an
interest rate of 6.5% was used instead of the long-term bond yield,
which DUR finds is usually the acceptable level of the interest rate.
The difference between the two interest rates from 2005 to 2009 averaged 1.05 percentage points according to DUR’s calculations. For
the year 2011, the newly applied interest rate (CIBOR + 2.5%) was at
4.2625%, which is substantially lower than the previous 6.5%. This
is of major importance to the fixed tariff on the consumer bill, as the
daughter companies were 100% loan financed.
When E.ON bought a group of DH companies from NESA, the customers were promised that an existing guaranteed heat price for 20
years would continue under E.ON’s ownership, even if the guaranteed
price included a discount in relation to the cost-determined price. But
E.ON cancelled the price guarantee on their own initiative and charged
a higher heating price, which was a cost-determined price with reference to the Heat Supply Act’s true cost (Allerslev, 2009; Energiankenævnet, 2013).
The Energy Appeal Board found that a private price agreement could
not outweigh the price provisions of the Heat Supply Act, thus the heat
price could increase to cover the true costs (Energy Body of Appeal,
2008). Thus, E.ON increased the price accordingly.
E.ON made consumers pay for investment costs that are higher than
the actual costs. It should per se not be possible to charge more in depreciation than the actual costs. But it became possible, when E.ON
bought the plants for a price lower than their value, i.e. actually depreciated costs. Due to a legal option in the Heat Supply Act, E.ON
charged the consumers the same depreciation costs as if the plants were
still owned by NESA, despite the fact that E.ON’s depreciation costs
were much lower due to low purchase prices.
The municipalities and consumers opted to sell the DH companies
for a low price to E.ON, because they were promised lower consumer
prices due to E.ON’s professional management and economic largescale advantages. But the additional revenues from the higher depreciation costs were not used to lower consumer prices or to keep them
stable. They were instead kept as liquid capital in the DH companies
for E.ON’s disposure.
Furthermore, it should be noted that E.ON charged consumers excessive interest payments, which DUR found was not in compliance
with the Heat Supply Act and thus overturned. During the three years
from 2006/2007 to 2008/2009, E.ON made consumers pay interest
on the actually depreciated costs, even though the DH companies were
bought and loan-financed for a much lower purchase price. E.ON
could only make the consumers pay for interest on the loan actually
borrowed from the parent company, not more (DERA, 2010b).
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Furthermore, E.ON’s staff were provided from the parent company at
relatively high costs, and the actual number of working hours was not
recorded. In short, the administrative and other costs were unreasonably high compared to similar DH utilities. As an excessive example of
this, each of the 90 DH consumers at Annebergparken was charged
16,275 DKK in reported administration costs in 2009 (DERA, 2009).
A cursory examination confirms the excessive administrative costs. At
E.ON’s daughter company ‘E.ON Production’, the costs for administration and similar customer related services in 2010 were of the same
size as the total in 71 open field DH plants (“barmarksværker”) which
are located in areas with relatively low heat densities and low heat demand volumes Another indicator for inflated administrative costs was
illustrated when making a comparison with Horsens Fjernvarme. It
had 4,900 district heating meters to manage – just slightly more than
the total number of meters managed by the two daughter companies,
‘E.ON Production’ and ‘E.ON Heating’. In 2009/2010, Horsens
Fjernvarme spent a total of 4.9 million DKK on administration costs.
This was one eighth of the total average costs for administration and
other administrative costs at E.ON Production and E.ON Heating
(DERA, 2012).
These indicative findings were later confirmed in another analysis
based on E.ON’s own reported data to the Danish District Heating
association and open access to E.ON’s administrative documents.
E.ON’s average administrative costs are about 4 times higher than other small-scale DH plants, while the maintenance costs are about 10
times higher, compared to other DH companies of similar size (Grøn
Energi & CEVEA, 2015).
Following these specific comparisons, DUR found that the administrative costs at E.ON Production and E.ON Heating must be reduced by
50%. This compromise was a negotiated outcome that appears to have
treated E.ON leniently, due to the fact that market conducive prices
are difficult to set.
In sum, a few examples of E.ON’s ways to increase its revenues and
enforce transfer pricing have been given above, where the supervising
authorities in several cases have intervened to the benefit of the consumers. But the Heat Supply Act and accompanying laws and decrees
have for decades been based on the assumption that the DH sector
was municipality and consumer-owned. Private DH companies are a
relatively new development, and the regulation of private and commercial DH companies has proven insufficient and not ready to protect
societal and consumer interests as intended by the Heat Supply Act.
Furthermore, important differences in DUR’s and the Energy Board of
Appeal’s legal interpretation of the Heat Supply Act have become apparent. This has, all-in-all, been an advantage to E.ON’s large pool of
legal staff and accounting expertise, which have successfully paved the
way for dubious business mechanisms and creative law interpretations.
E.ON thereby managed to increase consumer prices or extract private profit out of its non-profit/consumer-profit DH companies. The
above examples, which are not a comprehensive list, have illustrated
that E.ON:
1) Cancelled the price guarantee given to consumers upon purchase of
the DH companies
2) Applied a relatively high intra-corporation interest rate
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3) Charged interest on the depreciated capital value even though the
actual loan from the parent company was much lower
4) Charged consumers for investment costs higher than the actual DH
company purchase costs
5) Charged unreasonably high administrative and other costs to consumers
6) Limited the availability of data and information on actual (intra-corporation) costs and services, and the Heat Supply Act was amended
to ensure DUR such access in order to monitor prices and delivery
conditions
7) Excluded consumer representatives from mandatory board meetings
where important decisions with an impact on DH consumer prices
were made.
As a result, municipalities and consumers have bought back the DH
companies from E.ON in order to safeguard local DH consumers.

3.2		SOLUTION: RE-TRANSFER OF 		
		OWNERSHIP FROM E.ON TO CONSUMERS
Due to the public pressure from consumers and the local and national
media, several municipal councils decided to buy back the crisis-ridden
DH supplies in 2013. This resulted in lower consumer prices at several
DH companies, as illustrated in Table 3.
As shown in Table 3, the six DH companies still owned by the private,
transnational company experienced nearly unchanged or higher consumer prices during 2013.
The three DH companies that were transferred to municipal or consumer ownership saw declining prices in the range of 4,591 DKK to
18,788 DKK over the course of one year for a standard household.
Thus, the problem was partly solved, when the municipalities decided to finance or buy (back) many crisis-ridden local DH companies
from E.ON and integrate them into the municipality-owned energy
companies or simply transfer the ownership to a consumer-owned heat
company. According to the current rules, the benefits in terms of lower
operating expenses from the derived economies of scale of an expanded
DH supply can be accrued to the newly connected consumers for a
maximum of 5 years, as long as it does not burden the existing consumers.
It is noteworthy that E.ON’s DH companies were among the most
expensive plants of all Denmark’s DH companies. This is shown in
Table 4.
In December 2012, E.ON owned 6 of Denmark’s 9 most expensive
DH companies, as shown in Table 4. They were ranked as number 1,
2, 3, 5, 7 and 9 on the list of DH companies with the highest consumer
prices. This is remarkable, as E.ON owned only 9 of the total of 430
DH companies, which have submitted prices to DUR as a mandatory
requirement.
One year later, in December 2013, E.ON still owned 3 of the 4 most
expensive DH utilities. Three other companies previously in the top 9
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TABLE 3. DH CONSUMER PRICES FOR DH COMPANIES OWNED
OR PREVIOUSLY OWNED BY E.ON (DKK PER YEAR)
Name of DH company

DH price:
DH price: Change in
Change in ownership
15 Dec. 2013 18 Dec. 2012 DH price

Hjortekær

37,090

37,096

-6

No. Privately owned

Annebergparken

31,793

31,803

-10

No. Privately owned

Ørslev-Terslev
Kraftvarmeforsyning

31,041

31,005

36

No. Privately owned

Slagslunde Kraftvarmeværk

25,614

30,205

-4.591

Yes. Consumer group
buys DH supply

Præstø Fjernvarme

23,573

21,329

2.244

No. Privately owned

Lendemarke
Varmeforsyning

18,971

13,151

5.820

No. Privately owned

Skævinge
Fjernvarmeforsyning

17,178

27,901

-10.724

Yes. Municipality buys
DH supply.

Frederikssund Kraftvarme

17,653

17,653

0

Gørløse Fjernvarme

16,338

35,125

-18.788

No. Privately owned
Yes. Municipality buys
DH supply.

Source: Odgaard and Djørup, 2020. The calculation is based on data from DERA. For technical remarks, see appendix 1.Consumer prices are
Note.forThe
calculation
data
from
DERA. 1For
technical
remarks,
2, 18.1on
MWh
heat
consumption).
Euro
~ 7.5 Danish
Kroner.see appendix 1.Consumer prices are
listed
a typical
house (130ismbased

listed for a typical house (130 m2, 18.1 MWh heat consumption). 1 Euro ~ 7.5 Danish Kroner. Source: Odgaard
and Djørup (2020).

TABLE 4. RANKING OF DH CONSUMER PRICES FOR DH COMPANIES
OWNED OR PREVIOUSLY OWNED BY E.ON

Name of DH company

DH price in DK DH price in DK
(1 = highest
(1 = highest
Change in ownership
consum. price): consum. price):
15 Dec. 2013
18 Dec. 2012

Hjortekær

1

1

No. Privately owned

Annebergparken

3

3

No. Privately owned

Ørslev-Terslev
Kraftvarmeforsyning

5

4

No. Privately owned

Slagslunde Kraftvarmeværk

7

13

Yes. Consumer group buys
DH supply

Præstø Fjernvarme

55

27

No. Privately owned

Lendemarke Varmeforsyning

335

102

No. Privately owned

9

161

Yes. Municipality buys
DH supply.

137

166

No. Privately owned

2

209

Yes. Municipality buys
DH supply.

Skævinge
Fjernvarmeforsyning
Frederikssund Kraftvarme
Gørløse Fjernvarme

Source: For
The ranking
was remarks,
made by thesee
authors,
based on
from The
DERA,
DERA 2018.
For technical
see based
appendix
Note.
technical
appendix
1. data
Source:
ranking
was made
by theremarks,
authors,
on1.data from
DERA, (2018).
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were bought back by a municipality and a consumer coop. Their ranks
changed from 7 to 13, 9 to 161 and 2 to 209 among Denmark’s 430
DH companies. The somewhat modest decline from number 7 to 13
happened in the consumer-owned plant in Slagslunde, where the newly elected board preferred to analyse its options in greater detail, before
an attractive and sustainable solution was implemented a few years later. The case of Slagslunde is described below.
This beneficial trend of consumer and municipality ownership continued in the following years. Thus, the DH company in Præstø was taken
over by consumers in 2014. The DH utility in Anneberg was sold to
the Nykøbing Sjælland consumer coop in 2016. Lower consumer prices
were thereby obtained, although the Præstø DH utility has met some
special technical difficulties on its path to lower consumer prices.
The re-transfer of ownership for these plants was possible due to a special
municipal credit scheme in Denmark (KommuneKredit). This credit institution, which is jointly owned by all municipalities, operates on a non-profit
basis and offers financing at 2–3 percentage points lower than normal commercial loans. Consumer coops are also eligible for these credits.
The general trend has been that when a DH plant was integrated in the
municipality-owned DH supply, the consumer price declined rapidly, as
the organizational and often technical set-up was ready from the start.
But the transfer to a consumer-owned DH company typically resulted in
lower consumer prices after a few years, because a feasibility study and the
installation of new technological solutions had be undertaken first.

3.2.1 E.ON FORCED TO SETTLE DISPUTES
AT THEIR REMAINING PLANTS
Four of E.ON’s DH companies were not sold back to consumers.
Faxe Municipality assisted Ørslev-Terslev Kraftvarmeforsyning to
search for possible solutions, and new measures were identified to
achieve lower heating prices. However, the municipality and the consumers could not reach an agreement with E.ON on the purchase price
and other preconditions. Furthermore, a large share of the consumers
had decided to opt out of the DH supply, as their confidence in continued DH had seriously deteriorated.
Lendemarke DH company entered negotiations with Vordingborg
municipality about an integration with the municipality-owned heat
supply, but the final negotiations reached an impasse. Similarly, the
DH plant in Frederikssund negotiated with their municipality council
about a solution, but stopped before detailed negotiations.
Therefore, E.ON came up with a new organizational set-up for the 4
remaining DH companies: Ørslev-Terslev, Lendemarke, Frederikssund
and Hjortekær. Only when the most apparent alternative solutions and
transfer of ownership had been attempted to no avail, E.ON demonstrated its ability to come up with true solutions.
E.ON established a common economic framework for all 4 DH plants,
effective from 1 January 2016. The costs for administration were lowered, cheap industrial surplus heat was exploited and new investments
in biomass boilers and solar panels etc. were undertaken. This has lowered the average heating price significantly.

It should be noted that E.ON’s initiative to lower the heat price of
some of their last, remaining plants has not been driven by regulatory
incentives or measures. Rather, it is due to persistent criticism from
consumers and the press, and a continuous involvement of both local and national politicians. E.ON’s earnings from the few remaining
plants may be relatively negligible, but the costs of continuous poor PR
could affect its other businesses adversely.

3.3 CASE STUDY OF HOW THE CONSUMER		 OWNED DH COMPANY AT SLAGSLUNDE
ACHIEVED LOW CONSUMER PRICES
Slagslunde DH is a small, consumer-owned cooperative on Zealand
servicing 237 DH consumers, with an annual production of 5.6 GWh
heat. The company was purchased by E.ON in 2005 and re-established
as a consumer cooperative in 2013, when the consumers bought the
company back at a price of 13 million DKK. Between 2004 and 2010,
the DH price for a standard house increased from 19,221 DKK to
30,199 DKK (10% per year), peaking at 39,775 DKK in 2011 (Madsen, 2019). This corresponds to a more than 100% price increase over
the course of 6 years.
The high heating costs not only meant high running costs for consumers, but also made it near impossible to sell houses in the area, as
opting out of DH was very costly. Nevertheless, the number of DH
consumers dropped slightly from 2005-2013, putting extra economic
pressure on the remaining consumers. As elsewhere, E.ON justified
these price increases with high administration costs, high intra-company interest rates and a non-transparent and dubious depreciation
practice (Madsen, 2019). In addition, the maintenance of the DH grid
and customer installations was deficient, leading to high grid losses. By
2013, E.ON had accumulated a deficit of DKK 6 million in the DH
company, which would have to be covered by consumers as well in the
case of a purchase of the company.
In 2015, two years after the re-transfer of the DH company to the
consumers, the average heat price had been reduced by 33% - mainly
by lowering administration costs and minor technical modifications. In
fact, administration costs were reduced by 75% from DKK 1 million to
0.25 million. This was made possible by receiving assistance for operating the DH plant from another local DH company, lowering staff costs
for maintenance personnel, and voluntary work by the new company
board. Whereas the water loss in the DH grid was 2,000 l per day prior
to the re-transfer, it was reduced to 9 l per day in 2016. Moreover, a
new temperature control system is helping save natural gas at the CHP
and boiler units (Drachmann, 2016; Frederiksborg Amts Avis, 2014;
Lokalavisen Egedal Weekend, 2015).
The DH company now also works more closely with energy efficiency
at the customer level. Smart heat meters have been installed, customers
can get a visit by the plant manager to check their heat installations,
and insulation of the DH connection pipes has been added at many
houses (Madsen, 2019). It is interesting to note that all of these solutions are “low tech” and can be considered standard practice. As a result, the standard DH price was lowered to 17,725 DKK in 2016 – a
55% reduction in the space of three years.
Other benefits of the re-transfer include a slight increase in the number
of DH connections, a considerable increase in house sales, and large
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heat cost savings for the municipality, which owns some buildings in
Slagslunde (Frederiksborg Amts Avis, 2017). Also, while prior to the
sale no direct efforts were made to reduce the dependence on natural
gas, Slagslunde DH is now actively considering options to phase out
natural gas, such as biomass and heat pumps.
A similar development in heat prices and DH utility efficiency can be witnessed in Gørløse and Skævinge – two DH companies that were re-transferred from E.ON to the municipal DH company Hillerød Forsyning.
After the re-transfer in 2013, the large price decreases (Table 3) for the
DH customers in Skævinge and Gørløse were possible because these
plants were integrated into the large DH supply area of Hillerød and connected with a DH transmission pipe. Also here, the re-transfer only happened after lengthy negotiations with E.ON, where Hillerød Forsyning
succeeded in only paying for the non-depreciated value of the plants – and
not more, as E.ON required (Møller-Hansen, 2019).

3.4 MEANS TO ENHANCE EFFICIENCY
AND GREEN INVESTMENTS IN
CONSUMER-OWNED COMPANIES
As shown above, the consumer-owned DH utilities have demonstrated
a multiyear commitment to serve consumers with cheap DH, also in
former very expensive DH companies under private ownership. The
facts do not point to consumer-owned enterprises having no incentives
to provide cheap and affordable heat to customers – on the contrary.
There are several reasons behind this.
Firstly, the heat regulation entails a number of means and incentives to ensure low costs when selling heat for true costs (Odgaard & Djørup, 2020):
• Mandatory use of a standardized and quality assured feasibility
study as part of the approval procedure (although some of the
procedures could be made more simple and user-friendly)
• Public hearings for the DH project proposal, including the feasibility study, ensure popular involvement and confidence
• Guaranteed third party access, if cheaper heat supply can be documented
• Actual costs are covered by the consumer heat prices, which ensures maintenance and re-investment
• A fixed tariff and/or connection fee ensures repayment of the capital investment
• Subsidies are passed on directly to DH plants and consumers,
which prevents the risk of local government expropriation of central state subsidies
• Open access to data and standardised consumer price benchmarks
ensures transparency and thus popular support
• Voluntary economic performance benchmarks by the national
branch organization and information on new, more effective solutions at other plants are disseminated by the branch organization
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• Independent central authorities to monitor prices and handle
complaints (although they seem understaffed).
Secondly, experiences over several years show that most boards on the
consumer-owned DH plants are well functioning. They do actively
pursue cheaper consumer prices, as all cost reductions are entirely converted into cheaper consumer prices due to the non-profit/consumer-profit management. Public disclosure of changes in consumer prices
at all DH plants at least twice a year sets the board under pressure, as
the local media always compare the heat prices at neighbouring plants.
The boards are directly elected by the consumers, and low consumer
prices are often rewarded by high status and esteem in the local communities. Such sociological explanatory factors must not be neglected
in the mainstream economic argument of the importance of competition – homo sociologicus must accompany homo economicus.
Thirdly, the local organizational set-ups matter greatly. On the positive side, a few people with extraordinary enthusiasm can often mobilize support and organize the initiation and realization of local DH
projects, which was an important factor in the 1990’s rapidly growing
decentralized DH sector. On the negative side, a rule of thumb is that
5-10% of the consumer-owned coops are run inefficiently. Personal
disputes in the board or lack of special skills in special situations may
hinder new solutions and adoption of more efficient measures. Several
plants have experienced a local 'king on the mountain', who opposes
sensible measures and cooperation with neighbouring plants on joint
administration and pooled gas purchases, etc. But the vast majority of
the plants are actually run really soundly.
In recent years, the government ministries have recommended regulatory benchmarking and other very detailed economic management of
the decisions of DH plants as an efficiency enhancing measure (Ministry of Climate, Energy and Buildings, 2017, 2016). This may prove
counterproductive, if these policies are finally decided (scheduled for
political negotiations before the end of 2020) and implemented. The
suggested detailed economic management with individual price caps
etc. for each DH company are highly controversial in the DH sector,
as the tools are too inaccurate and superficial to set proper benchmarks
and price caps. The critical issues with regulatory benchmarking and
price caps are: 1) The data used to set the price cap for the coming
year(s) are several years old and may be outdated. 2) The number of
similar DH companies is often too small to set precise benchmarks.
The district heating companies are very different with regard to size,
fuels, technologies, and co-production of heat with electricity and/or
cooling etc. This leads to hundreds of unique combinations of technology and fuels in various sizes (Hougaard & Rønde, 2018). 3) The
transaction costs in terms of supervisory bodies and centrally employed
staff are very high. The likely outcome is lengthy processes with negotiated prices between the supervising national authorities and each
company board. The criticism from the DH plants and their branch
organization has been profound, as they regard such regulation as unnecessary bureaucratic, costly, time-consuming and inefficient.
Instead, there is an obvious and very effective way to enhance efficiency,
lower consumer prices and provide economic means and local focus on
new green technologies: A task force which could promote new solutions on a permanent and national scale. For example, a national task
force was staffed at the Danish Energy Agency to promote large-scale
heat pumps as a means to assist the decentralized DH plants in reducing
consumer prices and promote new green technologies. This took place
from 2015 to 2018 and is widely regarded as a very successful measure
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(Danish Energy Agency, 2018). A similar but larger task force could
assist all or selected decentralized DH plants in introducing other new
technologies, and expand its scope to give advice also on management
and the exploitation of large-scale advantages by new organizational
set-ups etc. The task force could cooperate with the branch organization, which enjoys support from most DH companies around Denmark. Such non-bureaucratic measures, which have proven their efficiency and are regarded with confidence by most DH plants, warrant
attention, as the costs for such an initiative will be only a fraction of the
large system with regulatory benchmarking etc.

Theoretically, commercial ownership can only be fully controlled
through state regulative power in a condition of full information, i.e.
when the regulator possesses full knowledge of the true costs. This is
the theoretical condition in neoclassical economics. Regulative discussions can hardly neglect the Coasian fundamentals that we introduced
in the theoretical approach; i.e. the regulator lacks information and
any collection of information is costly. The empirical examples in this
article demonstrate and underline these theoretical points, which can
hardly be ignored by theoretical work aiming to support policy development for a sustainable transition.

Note that the branch organization has been an important and trustworthy advisor for the plants for decades. The Danish District Heating
Organization has established their own project organization, which can
assist members with highly qualified and cheap technical advice and
other matters upon request. Legal advice and guidelines in organizational issues are also provided.

The essence of these theoretical points goes beyond the Danish true
cost price regulation. In the absence of consumer ownership power, the
state regulative power has been incapable of monitoring true costs and
has therefore been unable to enforce its price regulation policy. The
necessity of monitoring true cost would also be present in other variations of state price regulation. Various benchmarking models also rely
on conveying adequate levels of information to the centralised agency.
The Danish experience shows, based on the presented empirical material, that the state regulative power needs backing from ownership
models which provide alignment between interests and willingness to
collaborate. Future research could, and probably will, investigate ingenious theoretical regulatory concepts to make the state regulation less
dependent on ownership models. However, our presumption is that
the Coasian fundamentals remain, and the consumer ownership model
in the Danish district heating sector provides lessons for both theory
and policy.

4. CONCLUSIONS AND IMPLICATIONS
FOR THE GREEN TRANSITION
In the transition to renewable energy systems, the heating sector is very
important, as a large part of the total energy demand is located in the
heating sector, with ample opportunities to pave the way for a greener
energy sector – both in countries with or without an existing DH infrastructure.
Both for new and transitional DH systems, consumer trust is an indispensable factor. For new systems, consumers would naturally have
to accept being enrolled in a new monopoly structure. For transitional
systems, low temperature DH systems must be developed in order to
create synergies between renewables, waste heat resources and energy
savings. Thus, neither new nor transitional DH systems can be realised
without consumer involvement and trust.
Consumer trust is dependent on the regulation – and the efficiency of
any state regulation is dependent on information. In order to control
monopoly prices, the state would need access to adequate levels of information on the true costs of the district heating operation.
The cases in Denmark have shown that lack of information for state
authorities has been a serious issue when district heating systems are
operated by private commercial companies. The examples presented in
this text have demonstrated that the information control advantages of
district heating companies can be used to avoid the existing price regulation. The combination of true cost price regulation and commercial
ownership of district heating systems has been a big regulatory failure.
The information asymmetry combined with a profit motive inflated
consumer prices, while state authorities were unable to sufficiently
monitor and/or prove the existence of monopoly abuse.
Such regulatory failures are a barrier to the Green Transition since they
undermine consumers trust in district heating. Infrastructure which is
important to a sustainable future can thereby become politically infeasible, even though its environmental and economic advantages are well
documented.

APPENDIX 1. TECHNICAL
REMARKS FOR TABLE 1
The heat prices are for a standard heat customer with an annual heat
consumption of 18.1 MWh/65 TJ for a typical house of 130 m2. A linear
regression model has been estimated with the district heating price for
a standard single-family house as a dependent variable and with a primary fuel source, urbanity, ownership and size as explanatory variables.
The first three variables are included as so-called dummy variables. The
size is included as a transformed continuous variable, as this functional
form statistically best describes the relationship between size and price.
In addition, the functional form is otherwise useful for describing the
occurrence of any scale/economies of scale. The regression is based on
431 observations from Danish DH utilities in 2011/12.
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ABSTRACT
Current tariff designs do not incentivize efficient or equitable responses by active customers adopting renewable self-generation or providing flexibility in a future fully decarbonized electricity system. This chapter revises current practices in Europe and, based on the revisited principles of efficiency and equity, proposes a first benchmark for tariff design. Forward-looking peak-coincident network charges that reflect network incremental
costs and fixed charges that collect residual network costs and policy costs are recommended. No one-size-fits-all model exists, in practice. These
are guidelines for regulators when dealing with the trade-offs between the tariff legacy and the new requirements imposed by this energy transition.
KEYWORDS: Electricity Tariffs, Decarbonization, Network Tariffs, Active Customer Response, Distributed Energy Resources

1. INTRODUCTION
Traditionally, electricity tariffs have evolved in parallel with the organization and regulation of electricity systems. From integral tariffs
based on bundled services and costs under vertically integrated utilities,
regulated as monopolies, to unbundled energy prices freely negotiated
in electricity markets and regulated network and other policy charges
(Pérez-Arriaga, 2013).
Nowadays, electricity systems are entering a new transition period,
caused by three major drivers, in the following referred to as the 3-D’s:
digitalization, decarbonization, and decentralization.
Decentralization and digitalization are putting consumers at the centre
of the energy transition. New technologies are available to the end-users, which allow them to change the way they consume, self-produce,
or store electricity. These technologies include: 1) thermostatically controlled loads, including heat pumps, 2) distributed renewable generation, 3) energy storage, 4) electric vehicles (EVs), and 5) smart meters
and other information and communication technologies (ICT). Current electricity tariff designs are not suited to cope with these changes,
provoking distorting effects in the efficiency of the system. The individual benefits obtained by consumers responding to actual tariffs are
not always bringing associated system benefits, and in addition, may
provoke distributional and non-equitable effects for some customer
categories.
On the other hand, electricity systems are required to be fully decarbonized over the next few decades. To achieve this, market conditions
need to attract investments in renewable energy and in flexibility re-

sources like energy storage, that can compensate for variable electricity
production. Tariffs and market prices must also provide the right incentives for consumers to become active market participants, providing
flexibility and contributing to stabilizing the electricity system.
Due to these changes, we need to rethink electricity system regulation,
and specifically traditional electricity tariffs. Nevertheless, promoting
the technical and economic efficiency of the electricity system should
remain the principle aim of electricity tariffs, in order to achieve a fair
and equitable allocation of costs and charges to network users. This
objective must be fulfilled acknowledging the capability of network
users to respond to economic signals, their investments in distributed
energy resources (DER). The future tariff should consider that network
users may be producers, consumers, or active customers, with controllable loads, self-generation or storage technologies, which act as either
consumers, producers or both.
Electricity prices and tariffs will therefore become a relevant instrument
to guide an efficient and equitable transition towards a more decarbonized energy system.
The way tariffs fulfil this role in different electricity markets and countries differs significantly depending on which costs are recovered and
which charges are used to recover them.
As an initial distinction, total costs can be divided into energy costs
– determined by market mechanisms – transmission and distribution
network costs, and policy costs, such as support for renewable energy
sources (RES). All of these costs are recovered via the electricity bill
along with applicable taxes.
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In Europe, wholesale and retail electricity markets are used to settle energy transactions between producers and consumers – or their market
representatives, retailers and aggregators. Therefore, the allocation of
energy costs to consumer bills is based on those electricity market prices. However, for the majority of small consumers, flat electricity prices
do not reflect the variability of market prices, because they are based on
the aggregated price over the month or year.
A question that arises is whether the actual market design is appropriate for a future 100% renewable electricity system, with an increasing
share of solar and wind technologies, with high variability and intermittency of generation, and near zero marginal costs. The need to ensure
supply adequacy and security under these circumstances is a challenge
that should be addressed with regulatory instruments which incentivize
investment in flexible technologies, such as storage systems, and in firm
capacity resources (Gerres et al., 2019a). However, the main focus of
this chapter is not on electricity market design changes to enable a high
penetration of renewable generation, but rather the subsequent challenges of such a system transformation on network tariff design and the
allocation of other regulated policy costs.
In Europe, regarding transmission and distribution costs allocated
through regulated network charges, unbundled transmission system
operators (TSOs) and distribution system operators (DSOs) are responsible for the operation, maintenance and investment of network
infrastructures. TSOs and DSOs charge regulated tariffs to network
users in order to recover the amount of network revenues allowed by
National Regulatory Authorities (NRAs). NRAs oversee, and in most
cases, decide on tariff setting. The emphasis of this chapter is mainly
on distribution tariffs, but many of the discussed principles for tariff
design may apply also to transmission tariffs.
NRAs design or approve tariff structures periodically in order to ensure
there is a right balance between competing tariff principles, manage
complex trade-offs between different tariff options and consider associated impacts on network users. While many leading tariff principles
that were relevant in the past will remain so in the future, the balance
between principles might shift in the context of a changing electricity
system (CEER, 2020).

This chapter aims to explore the role of tariff design on the efficient
development of the electricity system, putting special emphasis on the
response of active customers in relation to investing in and managing
DERs. Section 2 provides a general description of current tariff designs
across Europe and, in some cases, new proposals and trends. Section
3 develops a theoretical framework on which electricity tariff design
should be grounded, following the regulatory principles, while Section
4 elaborates on the impact of the 3-D’s on current electricity tariffs. Sections 5 and 6 present an efficient and equitable approach to designing
network and policy charges, respectively. To conclude, Section 7 provides examples of the benefits of employing efficient charges compared
to commonly used charges with increasing penetration of DERs.

2. NETWORK TARIFFS IN EUROPE:
CURRENT PRACTICES
Before analysing the current practices on tariff design in selected European countries, we introduce a common terminology to understand
the involved concepts. That will facilitate the comparison between the
different tariff alternatives and options.
Regulated costs can be allocated to network users through different
types of charges. The most common type of charge is a volumetric or
energy charge (€ per kWh). The second type of charge is a capacity
charge (€ per kW), which can be differentiated between a maximum/
peak demand charge or a contracted capacity charge. While maximum
demand charges are based on the individual measured peak consumption, contracted capacity charges are based on an agreed value that sets
the maximum power that can be withdrawn by the user from the network. In some countries, modification of the contracted capacity can
be requested by network users, with such requests being reviewed by
DSOs and accepted under certain circumstances. Finally, a third type
of charge is a fixed amount allocated to each network user (€ per customer). Typically, these charges are billed to customers periodically, for
instance every month or bimonthly.

TABLE 1. TYPES OF CHARGES ACCORDING TO TIME
BLOCKS AND PRICE SETTING PERIODICITY

Price setting periodicity

Year

Time Blocks

Blocks of
several hours
Hourly or
shorter

Annually

Daily or shorter

Flat

NA

Static ToU
NA

Variable Peak Price
or Peak Time Rebates
Real Time Pricing or
Critical Peak Pricing

Note. Summarizes the different types of charges depending on time-blocks and price setting periodicity. Static tariffs updated every year correspond to flat or ToU charges, while dynamic tariffs, by
design, require shorter time blocks, even hourly.
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TABLE 2. OVERVIEW OF NATIONAL REGULATION ON NETWORK TARIFFS
Country

Belgium, Flanders
(EU-Universal project,
2020)

Currently Planned
in place
reform

Denmark

France
(CEER, 2020)

Germany
(EU-Universal project,
2020)

Italy
(CEER, 2020)
(Regalini, 2019)

X

X

Large network users

X

Households and
small businesses

X

X

2 timeblocks

X

X

2 timeblocks

X

X

ToU
capacity

Households

X

X

X

X

X

LV, MV industry
customers

X

X

X

X

X

JHV, industry customers

X

X

X

X

X

LV customers <36kVA

X

X

2 timeblocks
2 seasons

X

LV customers >36kVA

X

X

2 timeblocks 2
seasons

2 periods
2 seasons

X

MV, HV customers

2 timeblocks
2 seasons
+ 1 timeblock

2 periods
2 seasons
+ 1 period

X

Customers at any
voltage level without
metering of load profiles

X

Customers at any
voltage level with
metering of load profiles

X
X

X

X

X

X

X

X

X

X

X

X

LV customers

X

X

X

2 periods

LV customers with EV

X

X

X

2 periods

2 periods

LV customers<100kW

X

X

(X)

X

X

X

X

X

X

(X)

X

X

(X)

LV customers>100kW,
and MV, HV customers
LV customers <100kW

X

X

LV customers

X

X

1, 2 or 3
timeblocks

X

MV, HV customers

X

X

4 timeblocks
2 seasons

Pilot

MV, HV, EHV
customers

X

X

X

LV customers

X

X

MV, HV customers

X

Spain
(CNMC, 2020)

The United Kingdom
(CEER, 2020)
(Ofgem, 2018)

ToU
energy

X

X

Portugal
(EDP Distribuição,
2020); (ERSE, 2018)

Fixed Energy Capacity Locational

Household and
small businesses

X
Norway
(CEER, 2020)

Customer category

X

X

Granularity

Type of tariff charge

4 timeblocks

2 periods
3 seasons

X

3 timeblocks

2 periods

X

3 timeblocks
4 seasons

3 periods
4 seasons

X

X

Domestic and
small businesses

X

X

X

Large businesses

X

X

X

X

X

X

X

X

X

LV, MV, HV customers

X

1, 2 or 3
timeblocks
3 timeblocks
X

X

Note. Source: EU-Universal project (2020). Shows an overview of current and planned distribution tariffs in some European countries.
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Energy and/or capacity charges can differ for each time block – the
period when energy or maximum demand are measured and charge
–during the billing period. This time block differentiation is known
as time-of-use (ToU) charges, and typically it differentiates, at least,
between peak and off-peak hours.
Additionally, tariffs differ by customer categories established by national regulation. For example, in Spain or France, charges vary depending
on the voltage level at the connection point (CNMC, 2019). Other
countries, like Belgium or the UK, differentiate among residential,
business, and industrial customers.
Finally, tariffs can be characterized by the interval at which energy, capacity or fixed charges are adjusted. In broad terms, a differentiation is
made between static tariffs, which are updated, for instance, annually,
or dynamic tariffs that can be updated daily, or even at shorter notice.
The most advanced type of dynamic tariffs is real-time pricing (RTP),
in which the charge would vary hourly or even by minutes, reflecting
network utilization levels – similar to wholesale electricity market prices. In the case of critical peak pricing (CPP), the customer pays a higher
price at specific times during the day, or on days during the year when
network usage is very high or the grid is exceptionally constrained.
Peak time rebates (PTR) reward the customer for reducing the load
(Bhagwat and Hadush, 2020). Another kind of dynamic tariff is the
Variable Peak Price (VPP), where consumers know peak time blocks in
advance, but tariffs charged during those peak hours are indicated only
a few hours before peak events.
While reducing the cost uncertainty for customers, flat tariffs do not
provide incentives to customers to adjust their consumption to enable
the most efficient network operation. With the energy transition and
subsequent electrification (e.g. of heating and transport), such non-optimal behaviour can jeopardize efficient network operation, and ultimately result in additional network investment. Replacing flat charges
by ToU charges is one option to incentivize efficient customer responses, by translating system peak-hours into high price time-blocks.
Thanks to smart meter deployments in recent years, these trends have
been observed in some of the selected countries that are described below (Abdelmotteleb et al., 2018; Passey et al., 2017; Pérez-Arriaga,
2016).
As shown, there is no one-size-fits-all model regarding network tariff design in Europe. Historical reasons and different policy objectives
that NRAs aimed to achieve through tariff schemes mainly justify the
observed alternatives. Network tariffs range from simple flat energy
charges to more sophisticated structures with cost reflective capacity
charges. Many countries are moving towards higher temporal granularity by introducing time-of-use charges. Some countries, such as
Portugal, are also proposing locational charges among customers, and
some other countries such as Germany and the UK are already applying locational differentiation because tariffs are not national and differ
by DSO. Additionally, the deployment of smart meters in many European countries is creating new opportunities to design more granular
network tariffs that would increase cost-reflectiveness for potentially
price responsive active customers.

3. REGULATORY PRINCIPLES 		
FOR TARIFF DESIGN
Traditionally, most regulators have preferred to design simple charges to
allocate power system costs to electricity customers. This approach may
become inadequate with increasing penetration of active customers
with DERs and flexible demand. Such simple methods exhibit limited
(if any) temporal or spatial granularity and result in tariffs that typically
bundle costs of all the value that customers receive. So, tariffs could be
over or undercompensating active customers for the system value they
provide. As a result, customers may opt for investing in DERs, which
maximize their own profit but are highly inefficient from the system’s
point of view. Moreover, innovative opportunities to provide additional services for operating the system are being left untapped by inadequate compensation as a consequence of traditional tariff designs. This
reduces the overall efficiency of the system, since tariffs are unable to
reveal and appropriately compensate the value that DERs and price-responsive demand can provide to the system (Pérez-Arriaga, 2016). This
section sets the principles for electricity network tariff design, putting
the emphasis on the relevant role that active customers would play in
the energy transition.
Cost-recovery is the main principle guiding any tariff design. However,
the aim of tariff design is not only to ensure cost-recovery but also to
enhance the system´s technical and economic efficiency, both in the
short and in the long-term, by promoting the customers’ efficient usage of the electricity system. In addition, charges should be fair and
equitable among customer categories and non-discriminatory between
customers that use the service in the same way. A general consensus exists in the literature that electricity tariffs should follow both economic
efficiency and equity principles (Burger et al., 2019; OECD, 2011;
Rodríguez Ortega et al., 2008).

3.1. ECONOMIC EFFICIENCY
Economic efficiency is based on the ideal principle that goods or services
should be consumed by whoever benefits most from them (Pérez-Arriaga, 2013). The main objective of this principle is social welfare maximization, or in our case, total system cost minimization. Not only shortterm but also long-term system costs should be minimized. One way to
incentivize system cost minimization, in terms of network costs, is by
sending efficient economic signals to network users that encourage them
to make efficient use of the network (Batlle, 2011).
Several tariff design objectives can be derived based on the principle of
economic efficiency (Morell Dameto et al., 2020):
• Cost-reflectivity: network users pay the full costs of the electricity
service, recognizing that electricity costs may vary by time, location, and supplied quality (Pollitt, 2018).
Additional objectives related to the economic efficiency and in some
way elements of cost-reflectivity are:
o Cost-additivity: tariffs are formed aggregating different cost
categories or items to reflect the total system costs.
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o Symmetry: costs that depend on consumption and injection
of energy or power are charged/rewarded equally at the same
location and time.
o Robustness against customer aggregation: costs that do not
change depending on whether consumption is aggregated or
individualized per customer should not be charged differently
to the aggregated customers than to the individual customers.
• Predictability: in the short term, customers should be able to
precisely estimate ex-ante the level of their network charges. In the
long term, predictability of tariffs and their methods of calculation
provides regulatory certainty to network users.
• Technology neutral: tariffs should be unbiased concerning the particular use case of different network users or the technology used to
withdraw or inject energy into the grid (Pérez-Arriaga, 2013).
• Minimization of cross-subsidies: one consumer’s actions should
not negatively impact other customers’ charges.
Efficient economic signals should try to capture and reflect the marginal or incremental utilization cost of electricity services. Such signals
serve as the key indicator to coordinate planning and operational decisions made by market participants, including customers, to achieve
efficient outcomes.
The treatment of any costs, which are not affected by changes in electricity consumption or production, is equally important. The methodology
used to recover these so-called residual costs must be carefully designed,
avoiding any distortion of the economic efficiency aimed by cost-reflective charges (Pérez-Arriaga, 2016), and at the same time, allocating those
costs following equity principles, introduced in the next section.

3.2. EQUITY
The term “equity” has many different definitions. For example, some may
consider as equitable those tariffs which ensure that all customers within a
service territory pay the same charge per-kilowatt-hour (kWh) regardless
of when or where they consume. Many scholars have noted that such a
tariff design benefits some customers at the expense of others, i.e. some
customers pay less than the costs they create, while others pay more. As
a consequence, the application of the equity principle may come at a
significant societal cost. Making informed tariff design decisions requires
a profound understanding of these trade-offs (Burger et al., 2019).
Equity considerations in relation to electricity tariff design can be split
into specific sub-principles, namely allocative equity, distributional equity and transitional equity.
• Allocative equity: Identical network usage should be charged
equally. Identical network usage refers to comparable location and
consumption patterns, regardless of payer nature, energy final usage, or appliances behind the meter (Burger et al., 2019; Pérez-Arriaga, 2013).
Although allocative equity is a consideration of the equity principle, its implications are completely aligned with the aforementioned economic efficiency principle. For example, one of the

main implications of allocative equity is that marginal consumption/production should be charged/paid according to marginal
costs/values it creates (Burger et al., 2019). This can be considered as cost-reflectivity and symmetry as previously explained, and
therefore would lead to a more efficient system. Another important
implication is that residual costs should be allocated according to
customer characteristics that are not impacted by their consumption or production decisions in the short term. This definition
of equity provides regulators with a certain degree of freedom to
group customers in different categories. For instance, regulators
could use wealth or other customer characteristics to classify them
and then allocate the system’s residual cost among those different
customer categories. Section 5.2 dives into this issue in more detail.
• Distributional equity: Charges should be proportional to the
economic capability of each user. This is in conflict with economic
efficiency principles, e.g. cost reflectivity. It is possible that efficient
tariffs could have undesirable distributional outcomes for some
vulnerable customers. When designing residual costs allocation,
regulators often use tariffs as a means to achieve distributional outcomes (Burger et al., 2019; Strielkowski et al., 2017).
• Transitional equity: A transition from an old tariff scheme to a new
one should be gradually implemented. The aim of a tariff change
is to improve net welfare and in the long-term reduce the cost for
network users. However, these changes could also entail that certain
customers or customer groups have to pay more. Regulators and
policy makers should address these concerns, since customers cannot reasonably account for future unexpected tariff changes in their
investment decisions. One of the key methods to alleviate transitional equity challenges is by implementing changes gradually.
While the main objective of economic efficiency is to send the right
price signals to achieve the optimal development of the electricity system, the main objective of the equity principle is to allocate mainly
residual costs, taking into account allocative, distributional and transitional effects among different customer categories and without distorting efficient signals.

4. REVISITING TARIFFS UNDER 			
DECENTRALIZATION, DIGITALIZATION
AND DECARBONIZATION
The 3-D’s transformation imposes the need for revisiting how the principles for tariff design, explained in section 3, are addressed by traditional
tariffs, and how tariffs should otherwise be adapted to the new situation.

4.1. DIGITALIZATION AND COST-		
REFLECTIVE GRANULAR TARIFFS
Digitalization offers new opportunities for efficient customer responses, and the tariff design should take this into account (Pérez-Arriaga,
2016). Digitalization does not only imply the large-scale deployment
of metering systems, but also encompasses home and building automation. In addition, digitalization creates new business models for
aggregators that cluster the response of thousands of consumers and,
as such, could provide system services, i.e. through flexibility markets.
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Consequently, this would allow small consumers to provide flexibility
services to transmission and distribution system operators (Glachant
and Rossetto, 2018; Prettico et al., 2019).
Digital data collection, computing power, and data transfer have improved tremendously in recent years. This creates an opportunity to
define more cost-reflective granular tariffs with higher locational and
temporal discrimination. The resulting tariff structure would be more
complex and subdivided into multiple parts. In retail markets, nevertheless, retailers are responsible for recovering regulated tariffs together
with electricity market prices and retail margins via the final customer
bills. Retailers would find value in offering residential or small consumers the option to hedge against price volatility by creating simplified bills that can be easily understood, particularly for consumers with
little capability to become active customers. In addition, retailers and
aggregators could opt for offering more sophisticated price and tariff
structures to those customers that are reactive to flexibility incentives.
In addition, digitalization has the potential to increase the traceability and transparency of information. This allows detailed signalling of
where the different charges come from, given that transparent methodologies for cost allocation are in place. For instance, by using apps
that display market prices and signal system operation conditions, active
customers, directly or through aggregators, could respond by modifying
their consumption patterns creating higher system efficiency.
A deeper knowledge of customer consumption patterns – provided by
smart meter data – and their relationship with customer metrics about
wealth or income, would enable better customer segmentation and
granularity, allowing the design of more efficient and equitable tariffs
(Morell Dameto et al., 2020).

4.2. DECARBONIZATION POLICIES
AND FAIR COST ALLOCATION
Some studies foresee that ambitious decarbonization policies imposing high penetration targets for renewable generation in the electricity
system will need some sort of support mechanism, additional to the
market price, to ensure investment recovery for RES investors (Gerres
et al., 2019b). Depending on the market designs, the extra cost of RES
support mechanisms can be allocated to final customers as a regulated
cost to be recovered through the tariff.
Increasing the burden of supporting renewables or other environmental policies via the tariff, especially when flat volumetric energy and/
or net-metering charges are applied to recover those costs, could have
consequences on distributional effects between passive and active customers (Mastropietro, 2019).
The decarbonization of the energy system also requires the electrification of other end energy uses, like heating and cooling and transportation through electric vehicles (Barrera, 2019). Electricity tariffs may
also support, or at least should not be an obstacle to these objectives.
Tariff design, for example, can provide for a reduction of energy and
capacity charges at night, always preserving the main principles of economic efficiency and equity.
Given ambitious RES targets and much more distributed RES generation, a higher locational granularity applied to network charges is

needed to provide cost-reflectivity and efficiency for the use of existing
network infrastructure.

4.3. DECENTRALIZATION AND CUSTOMER
RESPONSE BEHIND THE METER
Electricity tariff design is affected by those environmental and energy
policies that may involve additional costs which would need to be allocated, among others, to electricity customers. As of today, renewable
subsidies in many EU countries account for a major share of the policy
costs reflected in the electricity bill, as can be observed in Figure 1
(ACER, 2020).
Net-metering tariffs – those accounting for the net exchanged energy
with the grid, i.e. subtracting self-generation from consumption within
predetermined billing periods – incentivize customers to install distributed renewable generation behind the meter, mainly solar photovoltaics
(PVs). As a consequence, active customers – customers installing PVs
– partially avoid paying regulated costs, while the rest of customers
cross-subsidize them by bearing these costs (Strielkowski et al., 2017).
The same effect, but to a lesser extent, is observed when flat volumetric energy charges are applied to recover network costs. Those charges
over-incentivize customers to install self-generation to reduce their net
energy consumption obtained from the grid. This effect reduces the total
network payments by active customers, yet total network system costs
are not equally reduced. Thus, regulators would have to increase those
energy charges to fully recover network costs for the next tariff settlement
period. The users who did not install self-generation would face higher
rates for the same electricity consumption, so they would be further encouraged to invest in self-generation. According to several authors, the
redesign of tariff structures is needed to counteract these effects (Brown
and Sappington, 2018; Pérez-Arriaga, 2016; Siano, 2014).
This side effect caused by providing hidden incentives through tariff
design to decentralized technology solutions might complicate system
cost recovery. As a consequence, tariffs would have to rise, thereby negatively affecting the principles of stability and predictability (Nijhuis
et al., 2017).
Furthermore, a level playing field should be built for both centralized
and decentralized energy resources. In other words, tariffs should send
efficient economic signals to invest in the most beneficial technology
for the system, regardless of size or use (Barrera, 2019).
Research projects and literature refer to active customers – with PV,
demand response, batteries, and/or EV – as flexibility providers to the
grid, improving grid efficiency (Abdelmotteleb et al., 2018; Bergaentzlé et al., 2019; Pérez-Arriaga, 2016). At the same time, distributed
generation could improve system reliability since system failures can
be mitigated with local resources. As a consequence, the procurement
of flexibility services by network operators is becoming more and more
relevant, for instance, with the creation of local flexibility markets (Abdelmotteleb et al., 2018). In this context, the tariff design should not
become an obstacle for active customers to provide these flexibility services, for instance, ensuring that active customers with energy storage
facilities are not subject to double charging, including network charges, when providing flexibility services to network operators (Directive
(EU) 2019/944, 2019).
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FIGURE 1. COMPOSITION OF ELECTRICITY BILL FOR HOUSEHOLDS IN CAPITAL CITIES.
SOURCE: ACER (2020).

An extreme case of system decentralization occurs when a customer decides to completely disconnect from the grid and self-provides energy
needs through alternative sources. This effect is known as grid defection. In this case, the electricity system or the rest of customers should
not bear the part of the residual costs that still remain in the system and
were covered by the defected customer. This issue opens a discussion
about the potential application of exit fees or alternative tariff designs
to recover these residual costs when defections occur (Burger et al.,
2019; Haapaniemi et al., 2019).

5. NETWORK COSTS AND CHARGES
As has been described, the 3-D’s transformation poses new challenges
for electricity tariffs and uncovered issues related to efficiency and equity for tariff design. In this section, the allocation of network costs is
re-evaluated by following the aforementioned principles and accounting for the effect of the 3-D’s.
The electricity network is a capital-intensive business. Network costs
mainly consist of capital expenditures (CAPEX) associated with network infrastructure investment with long depreciation periods, and
operation and maintenance costs related to this infrastructure (OPEX).
Additionally, energy losses within the network and the low quality of
service costs are also considered.
The cost minimization objective imposed by regulators to the monopolistic network operator is mainly targeting the minimization of longterm network expansion costs, while specific incentives are included for
energy loss reduction and improvement of quality of service indicators.
From the point of view of network tariff design, some authors conclude
that the main signal to be transmitted to network users should aim at

minimizing the long-term incremental network costs. In underutilized
systems, this signal is not enough to recover the required network revenues. In this case, the remaining part to full cost recovery is defined
as network residual costs (Pérez-Arriaga, 2016). Long-term incremental costs are associated with the network reinforcements needed in
the future, and additional investments if the network usage continues to grow during the maximum demand periods (Bonbright, 1961).
Therefore, as will be discussed in section 5.1, long-term network costs
should be recovered through peak-coincident charges. Residual costs,
as commented, are the proportion of the total network costs that are
not recovered through the previously defined peak-coincident charges.
It is important to note that long-term incremental costs and residual
costs are dependent on both the actual grid and the foreseen grid usage.
Some countries, like the UK, have already developed a network cost
allocation methodology, which differentiates between long-term incremental network costs and residual costs (Ofgem, 2019a). The rest of
the analysed countries do not make this distinction, and they apply the
same allocation methodology to the sum of all network costs. It needs
to be highlighted, though, that in some countries, customers (usually
LV consumers) face a single charge for the generation, network, policy,
and commercialization costs, as explained in section 1.1. The latter is
neither efficient nor equitable.
In section 5.1, long-term incremental network costs are defined and
an efficient methodology for the allocation of these costs is proposed.
Section 5.2 deals with the issues related to the residual costs definition
and the principles that should guide their allocation among network
users. Section 5.3 deals with the compatibility between peak-coincident charges and connection charges. Finally, section 5.4 provides useful insights on the complementarity of flexibility market mechanisms
and long-term incremental network charges.

Part I | Natural Monopoly Regulation and Tariff Design

5.1. LONG-TERM INCREMENTAL 		
NETWORK COSTS AND CHARGES
Network operators should plan and develop network infrastructures
which cope with expected demand growth and future network connections at minimum cost, while maintaining quality of service levels.
According to cost-reflectivity principles, network users should receive
the right economic signals to optimize these long-term network expansion costs.
First, it is necessary to calculate the long-term incremental network
costs, and second, determine how these costs should be allocated to
network users. This could be done, for example, through charges with
different time-blocks (flat, time-blocks of several hours or hourly),
through different charging variables (energy or capacity), or through
charges with or without spatial differentiation. Long term incremental
costs are discussed in section 5.1.1, and section 5.1.2 addresses the
question of allocation.

5.1.1. LONG-TERM INCREMENTAL 		
COSTS CALCULATION AND DRIVERS
Long-term costs are those future costs that DSOs and TSOs will face to
maintain system integrity and quality of service given an increasing electricity demand. Therefore, long-term costs correspond to the expected
costs of the network expansion planning. Investments in network assets
are discrete and irreversible, and they are performed every few years –
note that the lifespan of these assets is 40 years and beyond.
At the same time, incremental demand changes also differ over time.
Therefore, in order to compute the long-term incremental costs, it is
necessary to bring future costs caused by incremental demands to present value, to signal current customers their potential impact on the
future grid.
From a theoretical point of view, the main trigger for future network
investment is the maximum peak usage of each network element, i.e.
the maximum energy flow through the network element, which is due
to both the generation and demand contributing to that maximum
flow, as stated in (Abdelmotteleb et al., 2018). Although this is a feasible approach, it would be very costly to monitor each one of the
network elements, and therefore this approach would not be practical.
A much less costly alternative would be to divide long-term network
costs according to regions, zones, or clusters of nodes. Thus, regulators should evaluate pros and cons of applying long-term network costs
with a higher or lower locational granularity, while taking into account
that the theoretical main cost driver is the maximum network flow at
each network component.
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cating long-term incremental network costs, producers and consumers
should be treated equally. Furthermore, the existence of active customers emphasizes the need for this symmetry, as they consume from or
inject power into the grid during different time periods.
Since long-term incremental costs are driven by the maximum peak
usage of the network, those customers contributing to maximum peak
usage would be responsible for the required future network investments in each particular network component or network zone. Thus,
charges designed to signal long-term costs should be forward-looking
peak-coincident network charges, i.e. higher charges in those periods
with expected higher network usage.
Under a purely theoretical approach with perfect knowledge about the
future network characteristics, it would be possible to know the peak
hours of each network element. This means that customers could be
charged according to their contribution to the peak hours in each of
the network elements. However, in practice, and when smart meters
are deployed, a common methodology is to select those hours on which
the network is expected to be more used, defining those time blocks as
peak hours and the rest as off-peak hours.
Ideally, the more temporally differentiated a tariff signal is, the higher
the level of efficiency that can be achieved. Additionally, a shorter price
setting period may provide more dynamic responses from customers, as
explained in section 2. However, implementation costs of granular and
dynamic tariffs – not only due to the technical development of smart
meters and markets, but also customer awareness and engagement –
must be compared to the potential benefits in terms of long-term system costs and efficiency.
Once system-peak periods have been identified, regulators should decide whether peak charges should be signalled through energy or capacity charges. If a high time granularity is applied by establishing a
sufficient number of time blocks, energy charges could provide more
efficient and equitable outcomes than capacity charges. This is due to
the fact that customers who intensively use the grid during peak timeblocks should be charged more than customers who have a punctual
demand peak during those peak-time blocks. According to this, if capacity charges are applied, a customer who experiences a significant
high consumption due to a largely unavoidable situation at the beginning of a peak time-block, does not receive any incentive to efficiently
manage consumption for the rest of the hours within that peak timeblock. This randomness of sporadic short high consumption or injection situations can be entirely avoided through energy charges at the
peak-coincident time-blocks. Thus, energy pricing provides superior
incentives to optimize usage at all relevant times within the peak time
blocks (LeBel et al., 2020).

5.1.2. LONG-TERM INCREMENTAL
		 COSTS ALLOCATION

In essence, the best option for signalling long-term incremental network costs would be to implement peak-coincident energy charges that
measure the contribution of network users to the peak network flows in
the time-blocks of maximum utilization. This economic signal would
incentivize user responses to reduce network peak flows and delay future grid investments.

Once long-term network costs have been calculated, it is necessary to
efficiently signal customers to guide them towards an optimal usage of
the electricity network. First, we discuss whether producers should also
face long-term incremental costs. According to the economic efficiency
principle and the cost-reflectivity and symmetry criteria, when allo-

Finally, there is a discussion about the efficiency and equity issues of
applying a geographically differentiated network charge. On the one
hand, the principle of economic efficiency would lead us to design
peak-coincident network charges with a high level of locational granularity to incentivize efficient network user responses depending on
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the particular network components that are expected to be congested.
On the other hand, equity concerns would advocate for allocating the
same charges to a large proportion of customers under the same categories regardless of their location (Pérez-Arriaga, 2016; Schittekatte
and Meeus, 2018).

5.2. RESIDUAL NETWORK 			
COSTS AND CHARGES
After subtracting the part corresponding to the long-term incremental network costs, residual network costs are the remaining part of total
network costs to be collected. The amount of residual network cost is
independent of any customer response and therefore not driven by them.
For recovering residual network costs, it is recommended to allocate
them in a way that does not impact other efficient price signals, such as
peak-coincident charges or energy market prices. Network users should
not be able to avoid this payment by modifying their consumption/
injection patterns. In addition, these charges could allow equity issues
to be addressed, based on how charges are applied to the different customer categories. The United Kingdom (UK) regulator is moving in
this direction. In the UK, there is a proposal to recover residual network
costs through a fixed charge for domestic customers, depending on the
aggregated net consumption of the customer category and equal charges
for customers under the same category (Ofgem, 2019b).
Another discussion related to the allocation of residual network costs is
whether or not producers should pay these costs. Assuming that there
is not cost-reflectivity and producers compete in the electricity market,
they would simply internalize these costs in their energy sales, with potential distortion of competition and being finally paid by consumers.
Therefore, it is recommended that residual charges should be solely
allocated to consumers.
Residual network costs share the same allocation challenges as policy
costs, because both costs have no driver. Therefore, this issue will be
addressed in section 6.

5.3. COMPATIBILITY BETWEEN 			
PEAK-COINCIDENT AND 		
CONNECTION CHARGES
Peak-coincident and residual network charges are use-of-system charges. They are charged periodically, monthly or bimonthly with the aim
of recovering network costs and collecting allowed revenues for network operators. In addition to those use-of-system charges, connection
charges are used by network operators when a new user connection
is required in the system. A connection charge is a one-off payment
that new customers or those requesting a higher network connection
capacity must face due to needed network reinforcements. In general,
three types of connection charges can be distinguished: super-shallow,
shallow and deep connection charges. The degree to which connection
charges fully reflect the incremental cost of providing a user with a new
or upgraded connection to the network depends on the type of connection charge. In the case of super-shallow connection agreements,
basically no costs are charged for the connection. Shallow charges only
consider the new extension from the existing grid to the connection

point of the new user, while deep connection charges additionally include all the network reinforcements in the existing network required
to accommodate the power flows from the new connection (Schittekatte and Meeus, 2018).
Introducing forward-looking peak-coincident network charges, as a
use-of-system charge, requires consideration of the potential overlaps
with the traditional connection charging concept, because both types
of charges attempt to reflect the network costs that individual network
users could cause.
Applying deep connection charges and forward-looking charges would
be conflicting, because the same network costs would be signalled
twice, through both mechanisms. On the other hand, super-shallow
connection agreements would be fully compatible with forward-looking peak-coincident charges.

5.4. LOCAL FLEXIBILITY MECHANISMS
Traditionally, distribution system operators do not consider flexibility
services provided by third parties – for example, producers, consumers, or active customers – when planning new network reinforcements
to reduce network incremental costs or, in the short-term, when they
have to deal with potential congestions or voltage problems. In the future, these services would be procured through so-called local flexibility
mechanisms, such as long-term auctions, short-term markets, bilateral
contracts, and regulated payments.
In some way, those local flexibility mechanisms and cost-reflective
peak-coincident charges have the same objective, reducing future network costs, and complement each other.
As we have commented, network tariffs are usually designed for large
systems. Local flexibility mechanisms, though, are designed ad-hoc
for dealing with congestion problems or system reinforcements that
mainly affect specific network components located within those larger
areas. In this way, both mechanisms are complementary in terms of
geographical scope.
Likewise, flexibility mechanisms can be implemented to introduce geographical discrimination in countries where legislation prevents doing
this via network tariffs. Local flexibility markets can be another option
to deal with potential grid congestion problems that are difficult to
manage under cost-reflective dynamic tariffs. Here, the suitability of
different options depends on how extensive the required customer reaction should be. For instance, system-wide reactions, caused for example
by a heat wave, are better achieved by broadcasting high network tariffs
for the following day during peak-use hours, while local resources to
solve specific network congestion, occurring at different times and locations, can be better mobilized under local flexibility markets (Gómez
San Román et al., 2020).
A key difference between dynamic tariffs and local flexibility mechanisms is that the former rely on the uncertain reaction of potentially
responsive network users, whereas the latter force flexibility providers
to commit to providing the service in response to the grid operator’s
command. In fact, in some cases, this response may be automatic.
Hence, local flexibility markets enable network operators to rely on
flexibility for actively managing the network in daily grid operations,
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and to avoid grid reinforcements when planning the expansion of the
grid (Gómez San Román et al., 2020).
We can conclude that local flexibility mechanisms and forward-looking peak-coincident charges are compatible and complementary. While
flexibility markets aim to mitigate critical congestion or avoid network
reinforcements in specific areas or components of the system, network
tariffs search for a wider system response to achieve an optimal grid
development. Furthermore, the response of network users with ad-hoc
flexibility mechanisms is more certain than with network tariffs.

6. POLICY COSTS AND TAXES
Policy costs include renewable subsidies and other costs that are not
related to the grid usage, mainly derived from energy, environmental
or social policies. Most of these policy costs do not have a clear driver related to electricity consumption or injection in the system, and
can therefore actually be considered as residual costs. Among efficiency or equity principles for their allocation, in general, equity criteria
are considered. In particular, it is recommended that their allocation
should not distort the efficient cost-reflective energy prices and network charges previously discussed. Some academics take a more radical
stance, calling for an exclusion of some policy costs from the electricity
bill, and recovery of these costs through the national public budget
(Pérez-Arriaga, 2016).

6.1. WHICH COSTS SHOULD BE 		
INCLUDED IN ELECTRICITY TARIFFS?
There are several negative consequences of including residual network
and policy costs that are not directly affected by changes in electricity
consumption in electricity tariffs. There is a very clear risk of efficiency loss, in the case that they distort cost-reflective prices and network
charges. On the other hand, meeting decarbonization targets, as it has
been explained, is related to electrification of final energy uses currently supplied by non-renewable fuels. Increasing electricity prices
with policy costs would discourage the use of electricity with respect to
competing alternative fuels. Finally, another potential consequence of
including policy and residual network costs in the tariff is grid defection. In most cases where the network is already in place, grid defection
results in a reduction of social welfare.
Every cost item which can be considered a policy cost should be subject
to scrutiny. In many jurisdictions, subsidies to promote low-carbon
technologies – renewable generation, in particular – are a significant
part of the policy costs in the electricity tariff. Certainly, electricity production is an important contributor to greenhouse gas emissions, but
other sectors of the economy contribute as well. Since the electricity
system appears to be easier and faster to decarbonize than other sectors, support policies with economic incentives were concentrated on
renewable generation technologies, mainly solar and wind. Therefore,
it seems justifiable to share the burden of electricity decarbonization –
i.e., the corresponding policy costs – among customers of other energy
sectors as well, and, in this way, decrease the costs on the electricity bill
(Batlle, 2011). For example, in the United States a substantial fraction
of the cost of renewable support schemes is born by federal, state, or
local taxes (Pérez-Arriaga, 2016).

A more radical proposition is to question whether the residual component of electricity network costs, both transmission and distribution,
could be allocated to taxpayers instead of electricity customers. This
topic would become more relevant if the cost reductions for distributed generation and storage units turn grid defection into a widespread,
economically attractive alternative within the power system.

6.2. RESIDUAL COSTS ALLOCATION
Recovering residual network and most policy costs with a flat energy
rate per kWh consumed, regardless of the time or the location of this
consumption, can result in a significant distortion. This approach invites network users to net out their demand for electricity by installing
system-wide inefficient self-generation behind the meter. By cancelling
electricity demand with embedded generation, those customers would
avoid paying residual costs, which would have to be reallocated to other
customers. Moreover, since the rest of customers face higher flat energy
rates, they are more incentivized to adopt self-generation, thus exacerbating the utility ‘death spiral’ effect (Simshauser, 2016).
A different approach would be to recover policy costs via a fixed charge
which would be determined annually by the regulator for each customer and then charged, for instance, in equal monthly instalments.
In principle, this annual charge would not distort short-term and
long-term efficiency signals. However, there are obvious equity implications: Should all network users pay the same charge, irrespective
of their energy consumption or their peak or contracted power? Residential customers that consume more energy are likely to be wealthier
than customers that consume less energy. An equal fixed charge for
all customers would disproportionately affect low-income customers,
which would be socially unacceptable. This discussion can be extended
to commercial or industrial customers. Although an annual charge not
directly linked to electricity consumption is an efficient instrument,
further considerations on how to allocate this sum to customers is required.
As a qualitative assessment, we can compare how three different types
of charges, mainly for residential customers, perform considering the
aforementioned equity principles.
1. Fixed charge based on the income level or the real estate tax
The allocation of residual costs according to the income level of residential customers allows progressive charges with respect to consumers’
income. The real estate tax could also be a proxy for the income level of
the owner. This fixed progressive charge would meet equity criteria, as
well as being independent of the level of consumption.
This fixed charge would be independent from the consumption or
contracted power of the consumer, or whether the consumer decides
to install self-generation or storage units. The collected amount would
also not change if several consumers are aggregated as a cluster with a
single connection point to the system, forming, for instance, a citizen
energy community. Finally, this charge would easily be applicable to
new consumers requesting connection to the grid.
On the other hand, the practical implementation of this type of charge
would be complex due to access to the information, which is not relevant for the operation of the electricity system, but required for its
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implementation. Both income data and real estate taxes are traditionally
not available to utilities. In addition, substantial regulatory changes for
their implementation would be needed with respect to current practices.
2. Contracted or installed capacity charge
A less radical approach compared to the current situation is to use the
contracted capacity or the installed capacity, i.e. the maximum allowed
capacity for a consumer installation based on technical standards, to allocate residual costs. This approach is currently used for the allocation of
other regulated costs in some jurisdictions. However, any charge related
to the size of the customer connection can introduce barriers to electrification. To avoid this, the application of this charge could be exempted
in off-peak periods. The charge would be fixed for the whole year, proportional to the maximum capacity contracted for peak time-blocks, as
is expected to be applied in Spain in 2021, or in line with the proposal
of the Italian energy regulator shown in section 2.2. In this way, no
extra costs would be added to consumption or generation during offpeak hours, and therefore no barriers would be created, for instance, to

electric vehicle recharging during periods of low network utilization.
Contracted capacity and installed capacity can be modified by the customer, but only to a certain extent, because a customer must contract
or install capacity which corresponds to his maximum consumption. In
addition, these charges are basically not avoidable for customers with
photovoltaic self-generation installations, since they are not controllable, and thereby not able to reduce their contracted capacity.
This proposal, however, is not robust against cross-subsidies that could
arise, for example due to the installation of storage systems which would
allow contracted or installed capacity to be reduced, or due to supply
point aggregation which would enable all consumers to reduce contracted or installed capacity, since the aggregated maximum capacity would
be less than the sum of the individual maximum capacities. Contracted
or installed capacity, as charging variables, are directly applicable to new
consumers requesting connection to the grid. Finally, this allocation
method is also easily applicable to commercial or industrial consumers.

TABLE 3. QUALITATIVE COMPARISON OF RESIDUAL COST ALLOCATION METHODS

Criteria

Fixed charge
based on
income level

Contracted or
installed capacity
charge

Non-modifiable by consumer’s actions
Easy transition
Robust against self-generation
Robust against storage
Distributional equity
Robust against customer aggregation
Easy applicable to new customers
Note. Summarizes the different alternatives discussed to design residual charges with associated implications.

Fixed charge
based on
historical
consumption
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3. Fixed charge based on historical consumption
The central idea of this last alternative is to seek the "historical" responsibility of each customer for the stranded residual costs. For example,
historical energy consumption could be considered a reasonable indicator of the costs associated with past policy costs, i.e. historical costs
of support mechanisms for renewable energy. The calculation by which
the fixed charge to each consumer is determined takes its annual historical consumption as a reference.
The relationship between historical consumption and income level is
not so clear. It is presumed that consumers with higher incomes have
more household appliances and therefore higher consumption. But,
low income consumers have less efficient appliances or poorly thermally insulated homes. By defining a fixed charge on historical consumption that would not be updated, consumers could not change their
payments by changing their actual consumption patterns.
The transition from current tariff designs to this alternative would not
be difficult because utilities already know the required data. The associated fixed charges could not be avoidable by customers installing
self-generation and storage technologies. Despite this, it presents some
problems of applicability to new consumer connections where historical consumption data would not be available. To resolve this, default
charges could be set taking as a reference consumers with similar characteristics (Batlle et al., 2020).
As we mentioned, there is no one-size-fits-all solution, and the application of one method or another will be up to national regulators, based
on the applicable laws, data accessibility, network technical development, and customer engagement.

7. EFFECT OF ELECTRICITY 			
TARIFF DESIGN ON DEPLOYMENT
OF NEW TECHNOLOGIES
Electricity tariffs, along with smart meters and new energy technology
deployment, are critical in order to make the energy transition more
efficient and environmentally sustainable. Long-term incremental
network charges are responsible for the efficient allocation of network
costs. Nevertheless, residual costs should not distort economic signals
provided by long-term incremental charges or energy prices. An impact
assessment of described tariff designs is required to find out their effects
on the customer adoption of these new technologies and implications
for system efficiency.
In an ideal world, electricity tariffs should provide economic signals to
customers to invest in the most economically efficient technology from
a system perspective, while maintaining a level playing field between
technology options. It is necessary to note that depending on the applied tariff structure, the most economically efficient actions taken by
customers for their own benefit would not always improve efficiency
from a system perspective. This analysis is therefore based on a comparison between system and individual benefits for various technology alternatives for customers under three different tariff structures: a
peak-coincident energy charge plus a fixed charge according to what was
presented in sections 5 and 6, a maximum individual demand or contracted capacity charge (€/kW) and, finally an energy charge (€/kWh).

Under the new paradigm, customers can choose between adopting several technologies or actions to respond to electricity prices and tariffs.
These actions can be simplified into three groups: i) to invest in non-controllable and intermittent self-generation, such as solar PV panels; ii) to
invest in controllable flexible loads, such as storage, electric vehicles or
heat pumps; and iii) to engage with other customers, forming a cluster or
aggregation with a single connection point to the grid. Electricity tariff
design is a key element that affects the future of the electricity system,
acting as a driver for customers’ investment decisions.

7.1. NON-CONTROLLABLE
		
AND INTERMITTENT 		
RENEWABLE GENERATIONS
One of the main characteristics of renewable self-generation technologies is their uncontrollability and their intermittency. These aspects
make it difficult to align generation with peak demand, either local
or upstream, which is the main trigger for network investments. RES
generation alone would contribute to neither delaying network reinforcements nor lowering future network costs. Therefore, network
tariffs should not over incentivize non-controllable and intermittent
RES generation. In those cases when RES self-generation contributes
to lowering peak demand, their installation would be reasonably rewarded if peak-coincident charges are applied.
In the case of applying maximum individual demand or contracted capacity charges, tariffs would fail to account for situations when RES
self-generation is aligned with the network’s peak demand. In this
case, affected customers installing RES self-generation would not be
rewarded, since the estimated system benefit would be greater than the
individual benefit. On the other hand, as it has been explained in section 6.2, flat energy charges would increase the individual benefits for
those customers adopting RES self-generation, further incentivizing its
adoption, and eventually jeopardizing the total network costs recovery.
Although this problem could be mitigated through time-block differentiated energy charges, it does not address the issue that an important
part of the network costs are residual costs and not related to energy
consumption. Consequently, recovering these residual costs through
energy charges will lead to losses in system economic efficiency.

7.2. CONTROLLABLE FLEXIBLE LOADS
Controllable flexible loads are an efficient alternative for customers to
respond to electricity prices and charges. They include storage, electric
vehicle, and heat pump technologies, and also other types of loads that
can be curtailed or shifted from high to low price hours. With the development of smart meters, and increasingly dynamic tariffs, customers
would be able to benefit from flexible load control. From this perspective, peak-coincident network charges and fixed residual charges provide optimal incentives to invest in efficient amounts of controllable
loads, taking into account the benefits from a system perspective, and
at the same time ensuring total cost recovery through residual charges.
If maximum individual demand or contracted capacity charges were
applied, controllable loads would tend to flatten the customer consumption profile by minimizing the individual maximum demand or
contracted capacity. Under this tariff design, individual benefits could
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be higher than system benefits. Network peak events would not be
precisely identified, and flattening individual load profiles could not be
justified at times when the network is not stressed.
On the other hand, flat energy charges would not create any incentive
to efficiently manage consumption by controllable flexible loads. However, if time-block differentiation is applied, controllable loads would
shift the maximum available amount of energy from high price to low
price time-blocks.
In both cases, energy and capacity charges can be temporally differentiated with the aim of signalling the system peak. However, there are
two main concerns to be considered: i) how time blocks are defined to
correctly identify peak periods, and ii) how much of the total network
and policy costs are allocated through ToU capacity or ToU energy
charges. In the case of not separating residual costs from the allocation
of the total costs, incentives for a customer response may be higher
than optimal, eventually causing inefficiencies.
It is important to take into account that in the case of controllable
loads, customers’ actions are dependent on the signals received from
both the electricity market prices and the network tariffs, which can be
aligned, or not, in time and locations.

7.3. CUSTOMER AGGREGATION IN
A SINGLE CONNECTION POINTS
The aggregation of customers in a single connection point is clearly
beneficial for customers who face contracted capacity charges or individual maximum demand charges. By this tariff design, through aggre-

gation, customers are able to avoid a large portion of network charges.
On the other hand, in the case of energy charges, there are no apparent
benefits from customer aggregation. The same amount would be recovered from the aggregated customer charge as from the sum of individual
charges. Therefore, while energy charges are robust against customer
aggregation, capacity charges fail to fulfil this objective.
Peak-coincident charges and fixed charges would be robust against customer aggregation depending on the residual cost allocation method,
as has been explained in section 6.2 and Table 3.

7.4. SUMMARY
Table 4 summarizes the effects analysed in this section. As has been
previously commented, incentives to customer response must also
provide benefits to the system and the rest of customers. One of the
main objectives of electricity tariff design must be to provide adequate
incentives to foster optimal customer response, although not all tariff
structures achieve this objective, as previously discussed. Energy charges provide over incentives to non-controllable and intermittent RES
self-generation, while underestimating network services that could be
provided by controllable flexible loads. Contracted capacity charges
provide over incentives to controllable flexible loads at the same time
that self-generation is not adequately remunerated, and customers are
incentivized to inefficiently aggregate themselves under one single connection point. If accurately designed, the mix of peak-coincident and
fixed charges could be able to send the right economic signals for encouraging active customer responses, while preserving global system
efficiency and benefitting the rest of customers.

TABLE 4. EFFECT OF ELECTRICITY NETWORK TARIFFS ON NEW
TECHNOLOGY DEPLOYMENT AND CUSTOMER AGGREGATION
Peak-coincident
charges (€/kWh)
+ Fixed charges
(€/customer)

Maximum individual
demand or
contracted capacity
charges (€/kW)

Energy charges
(€/kWh)

Non controllable
and intermittent RES
self-generation

SB=IB

SB>IB

SB<IB

Controllable flexible
loads (Storage, EV,
Heat Pumps)

SB=IB

SB<IB

SB>IB

Customer
aggregation with a
single connection
point

SB=IB

SB<IB

SB=IB

Note. SB refers to the system benefit derived from a customer’s response. IB refers to the individual benefit that the respondent customer
obtains. SB>IB means that individual benefits of respondent customers are lower than system benefits, SB=IB means that individual benefits
are the same as system benefits, and SB<IB means that respondent customers receive a higher benefit from their action than they produce in
the system.
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Finally, a combination of previous technologies could take the form of
a microgrid or an energy community. In these situations, customer’s
responses would face a combination of the individual effects analysed
in this section.

8. CONCLUSIONS
All over the world, electricity systems are facing a deep transformation
that requires a rethink of electricity tariff structures. The 3-D´s drivers,
with the deployment of smart meters and other digital technologies, the
electrification of transport and buildings, and the large penetration of
renewable and DER technologies adopted by active customers, require
us to rethink electricity system costs allocation methods.
In Europe, active customers, including small residential consumers,
may respond to electricity prices and regulated tariffs with higher temporal and spatial granularity. If those economic signals are cost-reflective, they would maximize the efficiency both for customers and for
the whole system.
In this context, European countries are moving toward new tariff designs: from flat to time-block differentiated charges, identifying system
peak-hours with higher price periods.
The basic principles on which tariff design should be based, economic
efficiency and equity, should be reformulated under this green transition.

customer benefits with system benefits, creating system inefficiencies
and cross-subsidies among customer categories.
It is important to note that no one-size-fits-all tariff model would be
the solution for electricity systems in transition. In practice, historical
and legal restrictions are predominant when adopting new tariff models. Rather, this chapter should serve as a guide for dealing with the
important challenges associated with the energy transition and being
aware of the trade-offs involved when designing new tariff structures.
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11. ANNEX
This Annex describes current and planned distribution tariffs in some
European countries.

11.1. UNITED KINGDOM
In the UK, there are two approaches to setting network tariffs, depending on the voltage level at which the network user is connected:
extra-high voltage (EHV – above 33 kV) or medium voltage (MV –
below 33 kV).
EHV users pay a time-independent contracted capacity charge and
a seasonally fluctuating energy charge. Tariff calculation is based on
a nodal load flow model, which has the advantage of being able to
calculate individual and cost-reflective charges that take into account
network spare capacity.
At the MV level, tariff calculation is simpler and can be characterized as
a combination of agreed capacity and time-of-use charges, which vary,
depending on the customer category. Domestic consumers face ToU
energy charges and fixed charges.
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In all cases, network tariffs are different across the 14 DSO regions, and
in some cases, the time blocks also differ between regions, reflecting
the underlying cost drivers. However, given that many households do
not have smart meters, or do not have ToU charges, the benefits of cost
reflective charges are dampened (CEER, 2020).

ings. Coupled with controlled water heating, these tariffs have shifted
about 10 GW of consumption from morning peak hours to night offpeak hours. It has to be noted that these benefits were observed many
years after their implementation, illustrating the need to anticipate tariff design reforms with a long-term view.

Ofgem, the UK regulator, is currently reviewing the tariff design in
order to make tariffs more cost reflective. Some of the issues under review are improving locational accuracy of distribution charges, analysing other design options for distribution and transmission charges, and
linking electricity network tariffs with the procurement of flexibility
services from customers to DSOs (Ofgem, 2018).

For medium voltage network users, network charges are differentiated
in five time-blocks: annual peak, high season peak, high season offpeak, low season peak, low season off-peak. Annual peak time-block
hours may be fixed, or variable, depending on the option selected by
the user:

11.2. ITALY
In Italy, a gradual tariff reform took place between 2015 and 2017.
Network tariffs were modified from progressive volumetric energy
charges, i.e. the charge per kWh of consumed electricity increased with
the growing amount of total electricity consumed during the billing
period, to a three-component structure tariff (fixed charge + contracted
capacity charge + non-progressive energy charge).
More recently, the regulator has proposed introducing a special tariff
for customers who recharge their electric vehicle (EV) at home, in order to accommodate domestic EV charging within the existing electricity contracts. This is possible due to the high penetration and advanced
functionality of smart meters in Italy. Around 90% of household contracts for electricity supply are based on a contracted capacity of 3 kW.
If a customer needs additional capacity, increasing contracted capacity requires a one-time payment of around 60 €/kW as a connection
charge, and an increase in the yearly network capacity charge of around
25 €/kW. The proposal of the regulator to facilitate EV home-charging
would increase the maximum allowed capacity during off-peak hours,
i.e. night hours (from 23:00 to 7:00), and Sundays and holidays. The
new allowed off-peak capacity would not require customers to change
their contracted capacity, and the tariff paid by the customer would
therefore remain unchanged. The proposal, which received mainly positive feedback from stakeholders, would increase the general contracted
capacity, known as “technically available capacity” to 6.0 kW (instead
of 3 kW), and therefore allow for a full battery recharge, of around 40
kWh, during the 8-hour night period (CEER, 2020; Regalini, 2019).

• Fixed time-block hours are defined on ex-ante estimated peak
hours: 2 hours during morning peak, 2 hours during evening
peak, Sunday excluded, from December to February; and
• Variable time-block hours which correspond to the critical hours
of the national capacity mechanism: 10 hours during the 10 to 15
days of peak demand triggered on a day-ahead basis by the TSO.
For low voltage network users, new network tariffs were introduced
in 2014, with five time-block energy charges, with one of the time
periods, the annual peak period, being defined by the DSO. The main
goal was to signal peak demand periods at the local level, while continuing the daily peak shaving through ToU energy charges. The network
company is responsible for fixing the 16 daily peak hours at the local
level; and the high season which lasts five months, also at the local level
(CEER, 2020).

11.5. GERMANY
In Germany, current low voltage (LV) tariffs consist of two components: a capacity charge, either fixed or based on maximum demand,
and an energy charge. While customers with no load profile metering, i.e. with traditional meters, are subject to fixed charges, those customers with load profile metering are subject to maximum demand
charges. Network charges are set by each DSO, based on their costs
structure and under NRA supervision, so tariffs can differ from one
DSO to another. Since LV household smart meters are not deployed,
any temporal granularity on electricity tariffs cannot be implemented
yet (EU-Universal project, 2020).

11.3. BELGIUM

11.6. NORWAY

In Belgium, small consumers and businesses currently face ToU energy
charges to recover network costs. A planned reform aims to add a capacity charge in the network tariff for these types of consumers. Large
consumers already face capacity and energy charges (EU-Universal
project, 2020).

In Norway, tariffs for customers with less than 100 kW power consumption are predominantly volumetric energy charges. For a typical
household, two thirds of the network tariff consists of an energy charge,
while one third is a fixed charge. In February 2020, the national regulator proposed a shift to a tariff model which is primarily based on an
energy charge, equal to the cost of marginal losses, when the available
network capacity is sufficient to transport the expected energy flows. At
instances when network capacity is expected to be constrained, DSOs
may implement ToU energy charges to incentivize reduction of consumption in those time blocks. This means that consumers would face
higher charges when the network is stressed. The remaining network
residual costs will be covered through a contracted capacity charge.
This charge will, in practice, be fixed in the short-to-medium term but

11.4. FRANCE
In France, time-of-use energy charges and variable-peak charges have
been implemented for network users connected at different voltage levels. Their purpose is to incentivize daily peak and seasonal peak shav-
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can be affected by lasting customer responses, either increasing contracted capacity through adoption of EV or heat pumps (HP), or decreasing contracted capacity through load shifting or investing in storage technologies. Thus, consumers also have an incentive to optimize
the long-term use of the grid in accordance with their actual willingness
to pay for the network service. Contracted capacity could also be time
differentiated, to ensure that consumers utilizing the network in constrained hours pay a higher share of the network costs (CEER, 2020).

11.7. SPAIN
In Spain, for small customers with a maximum 15 kW of contracted capacity, network costs are mostly recovered through a contracted capacity
charge (€/kW month) and a ToU energy- charge with 3 time-blocks
in the year. Network costs are allocated to the different time blocks according to the proportion of peak hours in each time block. In 2021,
a new methodology will be adopted for these small customers, with a
higher time granularity. It consists of 2 differentiated time blocks for the
contracted capacity charge and 3 time-blocks for the energy charge. In
Spain, the system wide smart meter deployment has already been completed even for residential customers (CNMC, 2020).

11.8. DENMARK
In Denmark, network costs are recovered through an energy charge
and a fixed charge. Cost allocation depends on each DSO, as long as
requirements imposed by the Danish Electricity Act are met. The NRA
only sets the total allowed revenue for each DSO, but does not decide
how tariffs are structured.
The tariff regime for DSOs in Denmark has not changed much in recent
years. The overall principles for DSO tariffs have remained the same.

However, in June 2020 the Danish government published recommendations for a future tariff design for DSOs in the electricity sector. The
purpose of the work was to identify potential for a more cost-reflective
tariff structure and give recommendations for changes in the law to
support this. The recommendations are mostly overarching principles
and guidelines for a future tariff design and not concrete laws or regulations for a new tariff regime.
The Danish TSO/Energinet is also in the process of developing a suggestion for a future tariff design in Denmark for the Danish electricity
DSOs and TSO. The Danish Energy Association has announced a new
model for tariffs (Tarifmodel 3.0), which is currently being reviewed
and proceeded by the Danish Utility Regulator.
The Danish Utility Regulator must approve the new tariff methods.

11.9. PORTUGAL
In Portugal, small customers with less than 20.7 kVA of maximum network capacity face a single contracted capacity charge and ToU energy
charge, with one to three time-blocks, depending on the consumer’s
choice. A pilot project developed by the NRA (ERSE) and Energias de
Portugal Distribuição (EDPD) aims to test an innovative network tariff
scheme for customers at MV, HV, and EHV levels. This pilot will test a
tariff with five different time blocks: super-peak, peak, medium, valley
and super-valley. Additionally, the same day cannot contain more than
four time-blocks, avoiding the coincidence of super-peak and peak
time blocks on the same day. This tariff scheme presents a regional
differentiation of the time blocks according to the 6 different network
areas. In terms of seasonality, the time-blocks are defined, throughout
the year, separated into three seasons, covering different months, depending on the network areas (EDP Distribuçao, 2020; ERSE, 2018).
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The Danish Income-Cap Regulation in the Power Supply
Sector: A Legal Perspective Considering the Green Transition
Bent Ole Gram Mortensen
University of Southern Denmark

ABSTRACT
The break-even principle has been a fundamental principle for the price regulation of the Danish utilities for several decades. Following the
liberalization of parts of the energy sector, this regulation has been supplemented with new instruments to regulate monopoly areas. This form of
regulation was introduced in connection with a new electricity supply regulation from 1999. The detailed design of the income-cap regulation has been
left to the Minister responsible for the energy sector and the supervisory authority (currently the Danish Utility Regulator). Income-cap regulation of
power grids has given rise to several challenges. Thus, the specific design of the revenue framework has been changed several times. At the same
time, however, some experience has been gained with the administrative handling of this form of regulation. Several cases have, in the absence of
administrative courts in Denmark, been dealt with by the Danish Energy Board of Appeals. Since the introduction of revenue frameworks, the
power (electricity) sector has changed. Furthermore, the sector must adapt to the Green Transition, which will require capacity expansion at both
transmission and distribution levels, or other measures must be taken to prevent bottlenecks in the system. In this paper the income-cap experience
will be discussed.
KEYWORDS: Income-cap, Grid Companies, Green Transition, Electricity, Power Supply, Utilities

1. INTRODUCTION
In the following, the income-cap regulation in Danish utility legislation will be discussed in light of the Green Transition. Income caps
have been applied to utilities in Denmark for a long time. First they
were introduced for the power distribution grids. Later they were implemented in the water sector, and it has been suggested that they be
implemented within the district heating sector.
In sections 4 and 5 the methods and scope are accounted for. In sec
tions 6 and 7 the historical background and the actual distribution
network are explained for the sake of understanding. In sections 8-11
the actual price regulation is discussed, including the practice of the
Energy Board of Appeals (EBA). Section 12 concludes regarding the
current income-cap regulation and its suitability in relation to the
Green Transition.
It is recommended to consider keeping the extraordinary investments
connected to the Green Transition outside the income-cap regulation,
to consider technical requirements for EV charge points and heat
pumps, so that these can be part of a smart grid system, and to consider whether solar panels should be banned in neighbourhoods with
weak networks.

This article does not provide a complete assessment of the rules regarding income-cap regulation. This is not necessary given the purpose of
the article, and it is assumed that the readers of this article are acquainted with the income-cap regulation.
The power supply must now adapt to the Green Transition, which will
require capacity expansion at both transmission and distribution levels,
or other measures to prevent bottlenecks in the system. This paper will
discuss to what extent the Danish income-cap regulation contains elements that support the Green Transition.
The Danish Energy Regulatory Authority was renamed the Danish
Utility Regulator (DUR) in 2018. In order to improve readability, the
regulatory authority will be referred to as the Danish Utility Regulator
even in cases from before 2018.

2. METHOD
This article is a jurisprudential contribution to the discussion about
the Green Transition. Other scientific approaches are not included in
general. The purpose of this contribution is not to outline an economic
exposition of the economic models that underlie the calculation of the
specific in-come caps.

66

Part II | Governance and Legal Aspects

The primary assessment is based upon a dogmatic legal approach regarding the former practice of the application of income-gap regulation. It is
preferential to emphasize cases that have been tried at the administrative
board of appeals (EBA) in recognition of the fact that the Danish Utility
Regulator’s rulings are often tried here and not in the courts of justice.

is based on the fact that there are a several decades of experience with this
price regulation instrument as far as electricity distribution networks are
concerned. Furthermore, there exist a number of rulings from both the
Danish Utility Regulator and the Energy Board of Appeals (and previous
authorities), which provide a better basis for interpretation.
Other price regulation mechanisms are not analysed and are only mentioned briefly.

2.1. IDENTIFICATION OF CASES
Regarding the identification of relevant cases, a search has been run on the
Energy Board of Appeals’ public website. A search for the term “in-comecap” (in Danish “indtægtsramme”) returned 71 hits, and all of these have
been examined. Some of the hits relate to multiple cases, where more than
one case has been treated in the same ruling. For instance, EBA file number
1011-11-26 concerns a complaint from 58 different electricity grid companies. Some of the hits concerned cases that are irrelevant in this context,
such as income-caps for natural gas distribution companies.
One case (EBA file number 18/00359) has been retrieved from another source. This case did not emerge through the search mentioned. It
cannot be guaranteed that no other cases exist.
To ensure the quality of the selection of relevant cases, a formal application for access to documents has been filed to the Energy Board of Appeals, which was answered with a similar search on the official web-site.
It is presumed that the internal journalizing system at the Energy Board
of Appeals has not been used. For this reason, it is not possible to say
anything about the total number of cases that have passed the Energy
Board of Appeals concerning income caps. No further inquiries have
been made to the Energy Board of Appeals regarding searches directly
in the Energy Board of Appeals’ journaling system.

2.2. LIMITATIONS
Please note that much of the Danish legal material is not available in
official or unofficial translations into English. My own translation of
legal texts has therefore been widely used. Assessment of documents
et cetera that were originally written in Danish has been reviewed and
analysed in the original language.
The main part of the analysis has, as mentioned above, been based on
cases from the Energy Board of Appeals. Since there is a certain processing time at the Energy Board of Appeals, the selected cases originate from
financial years regulated by older versions of the present income- cap
executive order. Thus, the experiences do not concern the latest version of
the income-cap regulation. Some cases have been appealed to the Energy
Board of Appeals since the latest income-cap executive order was issued.
Decisions in these cases have not yet been made.

3. SCOPE
This article focusses on income-cap regulation of the Danish electricity
distribution network and experience with its administration. The choice
1 Law No. 662 of 8 June 2017.

Income-cap regulation is only considered in relation to the electricity distribution network. Income-cap regulation can also be applied to
other networks. Most recently, a proposal has been issued for consultation concerning the Transmission System Operator (TSO) and electricity transmission companies – in Denmark these are gathered in a
state-owned company: Energinet (bill No. L 115 of 26 February 2020
regarding amendments to the Danish Energy Net Act).

4. HISTORICAL BACKGROUND
Electricity supply began its distribution in the market towns in the
late 1800s. Originally, there was no sector specific price regulation. In
fact, the Danish electricity supply system was originally self-organised
with next to no legislative regulation or state involvement. However,
electricity supply was included in the more general regulation in the
Monopoly Act (1955) and the Price and Profits Act (1974). However,
this regulation covered only private business enterprises and thus not
the municipal energy supply companies (Mortensen 2002, p. 15).
The municipal electricity, gas and heat companies were regulated in
accordance with the general municipal regulations for utilities. The
municipal electricity sector was governed by a break-even principle
(Olsen 1999, p. 100).
Act no. 54 of 25 February 1976 on Electricity Supply (the 1976 act)
implemented the first general independent price regulation of the utilities in the electricity sector.
Corresponding Law No. 258 of 8 June 1979 on Heat Supply implemented a regulation of the heat and natural gas utilities.
In the Electricity Supply Act (1976) and Heat Supply Act (1979), the
price regulations were implemented as almost identical regulations
that enumerated the expenses which the regulated companies could
include in their prices. The distribution companies at the time, mainly
owned by the municipalities or consumers in the form of co-operative
societies, owned the production companies jointly on a partnership or
co-operative basis. The pricing principles had the character of price-cap
regulation, and the electricity companies (not unbundled then) were
intended to be economically self-sustained (L234/1999, section 1.5).
The central term, necessary expenses, was an expression of a legal standard originating in monopoly and price regulation (Mortensen 2002, p.
104). The term is still included in the price regulation of district heating but was abolished for power distributions grids in 2017.1
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In addition, a regulator (then Elprisudvalget) was given the power to
intervene under the Electricity Supply Act (1976) in cases where prices
or other conditions were unreasonable or out-of-step with the provisions of the law (Mortensen 2002, p. 48 ff.). This concept came from
the Monopoly Act and continues to apply in the price regulation of
district heating and for power distributions grids.
Income-cap regulation was implemented with the new Electricity Supply Act of 1999 (Act No. 375 of 2 June 1999). The income-cap regulation was introduced at the same time as a reorganization of the electricity sector, which was split into independent legal entities. At the same
time, however, no ownership unbundling of the electricity grid companies was introduced. Thus, economic interest-based partnerships with
commercial parts of the electricity sector (trade and production) and
distribution grids still exist in the form of holding structures. The level
of unbundling is still up to discussion, and it is a question whether the
present Danish regulation regarding this is sufficient (Danish Utility
Regulator, 2019). In a time of Green Transition, it is important to “protect” the grid against interests which may not support such a transition.
The detailed design of the 1999 income-cap regulation was left to the
Minister responsible (currently the Minister of Climate, Energy and
Utilities) and to the supervisory authority (currently the Danish Utility Regulator – DUR). In the subsequent period, the framework has
changed. This applies to the foundation of the Electricity Supply Act
and the changing income-cap Acts, as well as the underlying methods that the Danish Financial Supervisory Authority uses as support
to determine efficiency requirements. There have now been several income-cap acts for network companies:
• Executive Order no. 944 of 29 October 2001.
• Executive Order no. 432 of 6 June 2002.
• Executive Order no. 1148 of 15 December 2003.
• Executive Order no. 899 of 30 August 2004.
• Executive Order no. 1520 of 23 December 2004.
• Executive Order no. 151 of 10 March 2005.
• Executive Order no. 1027 of 2 November 2009.
• Executive Order no. 1227 of 10 December 2009.
• Executive Order no. 1294 of 24 November 2010.
• Executive Order no. 335 of 15 April 2011.
• Executive Order no. 195 of 4 March 2016.
• Executive Order no. 857 of 28 June 2017.
• Executive Order no. 1594 of 18 December 2017.
• Executive Order no. 969 of 27 June 2018.
• Executive Order no. 1366 of 28 November 2018.

As seen from the list above, the income-cap regulation has been developed continuously. It has not been a finished concept that has been
rolled out over the electricity distribution networks. And the list above
does not include changes in benchmarking macros.
The reason for the many changes must be found in the problems that
arose in connection with the application of income-cap regulation to
the electricity sector. The first attempts led to income-caps significantly
above the previous price level. The purpose of the revenue framework
was to create incentives for efficiency gains. This was expected to be
achieved through increased transparency, pressure to reduce costs to
avoid allowable revenues being lower than costs and the possibility of a
profit. However, the regulation did not result in a tight revenue framework which could pressure companies to become more efficient, but
led to unintended incentives – overinvestments, i.e. greater investment
and maintenance of the networks.
In addition, it proved difficult to design a well-functioning and credible benchmarking model. Capture and information asymmetry became relevant (Sørensen 2012, p. 25).

5. ABOUT THE PRESENT DANISH 		
POWER DISTRIBUTION GRIDS
The service supplied by a distribution power grid covers not only energy transport to a costumer. It also covers availability of electrical energy
at whatever time consumers need it. Therefore, the network must be
capable of handling peak loads. The network’s maximum capacity and
thus the required investments depend on how high the peaks are in the
consumption patterns.
It is assumed that the Danish electricity distribution network has a total length of approximately 159,000 km (Energinet 2020, p. 19). The
distribution network is owned by several network companies. These act
as the Distribution System Operators (DSOs) according to EU energy
law, especially chapter IV of the electricity directive.
Under section 19 of the Electricity Supply Act, a network company
is required to have a licence granted by the Minister (Mortensen and
Rønne 2016, Part I, ch. 7, §1).
Further, Danish legislation provides for requirements that are intended to separate monopolistic undertakings from undertakings that are
exposed to competition (unbundling). See section 45 and 47 of the
Electricity Supply Act (Mortensen and Rønne 2016, Part I, ch. 2).
The demands on the distribution network have been changing in recent
years. This development has been on the way for some time. A movement towards more decentralized and fluctuating production (increased
amount of sun and wind, partly as distributed generation) and a change
in the consumption pattern with more heat pumps and electric cars.
There is a need for investments in the network (qualitative and quantitative). Please note that grid investments are sunk costs.
The transition must be expected to become a challenge for the income-cap regulation. The grid can be expanded so that it can handle
peak load demand for consumption, as well as the maximum need in
relation to fluctuating production from sun and wind. Electricity is
basically a flow of charge carried by free-flowing electrons and the grid
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needs to be in balance all the time. Storage is expensive. From a legal
perspective, electricity is considered a product. In Case 6/64, Costa v
ENEL, electricity was presumed to be a good. In relation to Article 34
TFEU [then Article 28], this was confirmed by the Court of Justice in
Case C-393/92, Almelo and others vs. Energiebedrijf Ijsselmij, para.
28, which refers to the Union’s tariff nomenclature (code CN 27.16).
However, such an expansion can be expected to be expensive (overinvestment), especially considering that a large part of the investment in
physical expansion of the grid can be replaced by other measures, such
as moving electricity consumption away from peak load and implementing a more efficient location of wind turbines and solar panels in
relation to grid capacity and consumption. The present location policy
based on municipality planning has already resulted in a localization imbalance between consumption and production. The expected expansion
with solar panels on agricultural land will only aggravate the situation

6. PRICE REGULATION IN GENERAL
In Denmark, the price for producing electricity is governed by
free-market conditions, both wholesale and retail. The price regulation
analysed in this paper relates to the distribution network that ensures
the transportation of electricity to end consumers. Price regulation on
the distribution network is not only a question of ensuring effective
operation, but also of providing the correct incentives for investments
in the network. The problems described above illustrate the issue.
Tariffs for using the power distribution network have for many years
been covered by pricing regulations. The regulation reflects the fact
that an electricity network is a natural monopoly. The price regulation
is intended to protect customers tied to monopoly suppliers from exploitation. Natural monopolies are characterized by expenses for the
necessary infrastructure of such a prohibitive size that due to economies of scale, cost-effectiveness can only be achieved with one set of
installations through which the task is carried out. Different definitions
exist. In there is an alternative cost-related definition: “By a natural
monopoly we mean an industry whose cost function over some given
set of products is such that no combination of several firms can produce an industry output vector as cheaply as it can be provided by a
single supplier Baumol et al (1977, p. 350-365).”
Further, electricity supply is among the utility outputs that can be
perceived as necessary without evident substitutes for the consumers
(Olsen and Smidt 2012).
It is the network company that determines the amount of payment for
use of a distribution network (the tariff ) (Mortensen and Rønne 2016,
Part I, ch. 7, §4). The Electricity Supply Act gives each electricity grid
company leeway to choose a tariffing scheme, as long as this is within the scope of the Electricity Supply Act (EBA file number 11-161).
Section 73 of the Electricity Supply Act, in particular, determines the
overall framework that tariffs must be based on a variety of fundamental requirements, according to which tariffs must be reasonable, objective and non-discriminatory, and they must reflect the true costs. The
requirement for reasonable pricing dates back to the first Electricity
Supply Act in 1976, and the terms ‘objective’ and ‘non-discriminatory’
are taken from the Electricity Directive.

However, the methods and conditions for calculating the tariff must be
notified to and approved by the Danish Utility Regulator, see section
73a and 76 of the Electricity Supply Act.
The main tool regarding price regulation is now an income-cap regulation. However, according to section 77(2-4), the Regulator can amend
the prices and conditions if:
• They are in contravention of the provisions of the Electricity Supply Act.
• An unreasonable matter in relation to negotiations concerning grid
access cannot be stopped by order pursuant to subsection 1. The
Regulator can issue an order to the licensees in this case to enter into an agreement concerning the matter on the usual current
terms for similar agreements.
• The Regulator should find that prices, terms or agreements may be
deemed to result in an environmentally or economically inappropriate utilisation of energy, following negotiation with the parties.
• The company has conducted a transaction that cannot be regarded
as reasonable vis-à-vis consumers. The Regulator may also decide
that a company must utilise profit to amend prices to 		
a specified extent.
The Danish Utility Regulator has announced that no decisions have
been made pursuant to section 77(2-4).

7.

INCOME-CAP REGULATION

Income-cap regulation is an indirect form of price regulation. This
means no direct requirements for the tariff to be paid by the consumers. On the contrary, this mode of control entails only a limit on the
revenue that can be collected from the consumers.
Income-cap regulation is not the only model used on grid companies.
For example, a price-cap can be used (tariff ceiling) or a regulation of
the rate-of-return (expenses and return on invested capital). Incomecap regulation and rate-of-return regulation are widespread in the nearest countries around Denmark (Deloitte 2013, p. 16).

7.1. INTRODUCTION OF INCOME-		
CAP REGULATION IN DENMARK
Income-cap regulation was implemented by the Electricity Supply Act
from 1999. In the general remarks to the bill (bill no. L 234 of 29 April
1999), in paragraph 2i the purpose is specified: “The purpose of price
regulation of grid and transmission activity is to create incentives for increased efficiency”. Efficiency is the main goal.
Furthermore, it is specified that: “The framework will be established in
such a way that the framework for the revenue of a company is to be
reduced each year, so that each company will have to implement on-going efficiency improvements to keep their costs within the framework of
revenue.” And it is an ongoing process.
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Soon after the 1999 Electricity Supply Act, regulations on income-cap
were implemented in the Natural Gas Supply Act and the Heat Supply
Act. The latter of the two did not result in the actual determination of
income-caps. The regulation in section 20a of the Heat Supply Act was
removed again in 2017 but is now on the political agenda again.
In 2017, another shift in the application of income regulation for net
companies occurred. The old regulations regarding necessary expenses were removed.2 The present framework control now focuses on income-cap as the primacy means of regulation.
It appears from the preparatory work for the 2017 law that revision of
price regulation was based on recommendations from the ‘Regulation
Commission’ (bill No. L 180 of 29 March 2017 regarding amendment to
the Danish Energy Supply Act, section 3.1.2.1.1, among others).
The regulation committee acknowledged that a reorganization of the distribution network was necessary. A couple of statements testify to this
and the Green Transition:
• “The distribution network must be developed to be able to support
the Green Transition, including the establishment of smart grids
and new functionalities.” (Regulation Commission of the Danish
Parliament 2014, p. 32).
• “The grid companies are facing a future where the timing and extent
of local production and consumption is more unpredictable due to,
among other things, fluctuating energy sources and the possibilities
for moving consumption and increased awareness of market opportunities among customers. In other words, the demand for network
services is expected to become increasingly differentiated from one
customer to the next. In order to be able to adapt to this reality, there
will be a need, among other things, for the network companies to
initiate investments in Smart Grids as the need arises and the development continues with dynamic tariffs.” (Regulation Commission
of the Danish Parliament 2014, p. 25).
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one gets the most generous income-cap if one enters the regulation with
the highest expense level. There may be an incentive to maintain the
maximum expense level for future regulation years, to have the expense
frame reduced.
The rate of return frame that is addressed in section 7 provides an opportunity to earn interest on an amount that is considered equity in the
network company. This part of the income-cap has a background in an
agreement from 2004 between the minister in charge and the electricity
sector (ELFOR-agreement 2004). The unusual agreement determines
that the network companies were given the right to freely dispose of their
equity in exchange for the transmission network being transferred to the
state free of charge. Therefore, the owners of the network companies have
had the opportunity to withdraw funds and profits from the network
companies (Danish Utility Regulator 2020, p. 3-4). The rate of return
frame will not be addressed further.
Pursuant to section 5(1)(1-6) of the income-cap executive order, the income-cap is adjusted for several circumstances. Furthermore, the executive order enumerates some circumstances in chapter 5 that can result
in an upward adjustment of the income-cap. Most of the adjustments
under chapter 5 are only carried out after application. It is assumed that
a network company will only apply for upward adjustment. For the first
regulation period, there also is a transition period in section 56. However,
in certain cases, the Danish Utility Regulator must reduce the expense
frame and the return basis on its own initiative, cf. sections 24-26, section
28 and section 30.

An adaptation to what is now required in connection with a Green
Transition is thus nothing new. It should already be included in the income-cap regulation.

The income-cap regulation does not contain a ceiling for how large an
efficiency requirement a company can be faced with in a single year, or
possibly also accumulate over several years. Thus, according to the rules, it
is not enough for the grid companies to reduce their costs by the efficiency
potential that can be calculated at any given time. The companies must be
subjected to a comparison with each other every year, with the result that
new efficiency requirements may be announced for the companies that are
not the most efficient, as the assumption is that the companies will be able
to constantly reduce their costs through further efficiency improvements.
It is doubtful whether such efficiency requirements based on benchmarks
will make sense in a situation where the grid companies have to make very
different investments in connection with the Green Transition.

7.2. PRESENT INCOME-CAP 			
EXECUTIVE ORDER

The data for determining the income-cap comes from the grid companies. It follows from section 2 of Executive Order no. 902 of 26 June
2018 on Network Companies' Regulatory Accounts, that network companies must annually report a regulatory account to the regulator.

The current income-cap regulation originates from 2018. See Danish
Utility Regulator 2020, p. 18. Basically, the regulation entails that the
Danish Utility Regulator must announce an income-cap which accounts
for the largest amount of money that a network company may receive as
income from the operation of the network company’s licensed activity in
a calendar year. The income-cap consists of the total of an expense frame
and a rate of return cap. These frames are based on a model in which
monetary adjustments are made according to individual circumstances.
The expense frame is defined in section 6 of the executive order as “the
average expenses in the former regulation period”. An element of historical expenses is involved in the determination of income-caps. This means
2 By law no. 662 of 8 June 2017.

8. OBLIGATION TO MAKE 				
A COMPLETE TRIAL
The Energy Board of Appeals undertakes a complete trial of the submitted cases in general. This is in accordance with the general starting point for administrative legal recourse authority, even though in
practice the trial intensity of the different legal recourse authorities can
differ (Mortensen and Hamer 2020, p. 368 f.). Accordingly, the Energy
Board of Appeals trial includes the concrete methods that the Danish
Utility Regulator develops.
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An example can be found in EBA file number 1011-13-3-76. Besides
controlling the compliance of the general administrative law principles (specifically if the required consultation had occurred), the Energy
Board of Appeals entered the control of the Danish Utility Regulator.
The Danish Utility Regulator thus determined in its practice regarding announcements of efficiency requirements, that the Danish Utility
Regulator had “broad discretion in the benchmarking of the electricity
grid companies, and that the method chosen by the Danish Utility
Regulator (the grid volume model) must be considered suitable for
assessing the electricity grid companies’ efficiency, and be otherwise
based on objective considerations” (my translation); (see also EBA file
numbers 11-273, 11-538, 11-539, 11-540, 1011-331, 1011-15-4 and
18/00211). In EBA file numbers 1011-331, 1011-346, 1011-10-8 and
1011-10-9, the Energy Board of Appeals determined it to be within the
Danish Utility Regulator’s discretionary power to deselect a correction
for price-raising conditions on the west coast (increased corrosion).
This means that the Energy Board of Appeals respects the supervisory authority’s finding of relevant considerations and balancing them,
but partly the legality is tried for the sake of (objectivity), and partly
eligibility is tried. Objectivity is a fundamental requirement for the administrative law opinion (Mortensen & Motzfeldt 2020, p. 278), and
eligibility appears increasingly to be an accepted part of proportionality
trial (Mortensen & Motzfeldt 2020, p. 305). In the specific case, the
Energy Board of Appeals commented on methods regarding correction
for significant price-raising framework conditions (specific customer
density). In this part of the ruling, the Energy Board of Appeals commented on the fact that it is necessary with continuous revision of this
correction. Also see EBA file number 1011-15-8 regarding the Energy Board of Appeals’ acceptance of corrections to customer density.
Hence, these benchmarking models are attributed to a more dynamic
existence compared to other administrative law rulings in general. In
EBA file number 1011-14-52 the Energy Board of Appeals remitted to
the Danish Utility Regulator for the purpose of correcting the efficiency requirement by using data from 2011 and 2012 regarding customer
density. In EBA file number 1011-277 the Energy Board of Appeals assessed the specific efficiency of using two-year-old data, the incentives
of using threshold value (reliability of delivery), and also in general
whether methodological or factual errors were demonstrated.
In addition to the aforementioned case’s trial of objectivity, eligibility,
and consultation, other administrative law requirements are tried in
income-cap cases. For example, see EBA file number 1011-405 and
18/00206 (inquisitorial principle) and EBA file number 11-323 (the
obligation to state reasons). The above-mentioned principle of proportionality has also been tried in relation to whether setting efficiency
requirements, which entails that the income-cap is reduced to a level
where the network company cannot be reimbursed for costs of effective
operation, should be irregular to the principle of proportionality. The
Energy Board of Appeals commented that this was not an expression of
effective operation as long as failed efficiency improvements for some
years resulted in the reduced income-cap no longer being able to cover
expenses. The annual announcements of efficiency requirements were
thus not in conflict with either the income-cap Executive Order or the
Electricity Supply Act. For example, see EBA file number 1011-15-4.
The principle of proportionality has also been addressed in relation to
the Danish Utility Regulator’s reduction of the efficiency period (EBA
file number 1011-346).
Actual errors or misunderstandings of the legislation are corrected by
the Energy Board of Appeals. The correction is also a detriment for a
complainant. For example, see EBA file number 1011-13-91, where

the Energy Board of Appeals, in opposition to the Danish Utility Regulator, did not find a legitimate expectation.
The supervisory authority can specify a deadline for notification. For
example, see EBA file number 1011-346, where the Energy Board of
Appeals found that the Danish Utility Regulator has the authority to
determine deadlines for submission of notifications and documentation. Furthermore, the Energy Board of Appeals found the following
objectively justified: Exceeding deadlines for notification and documentation of extraordinary costs in a timely manner may have the
effect that they are not included in the determination of the efficiency
requirements for the coming year. See also EBA file numbers 1011-1176, 1011-11-78, 1011-11-79, 1011-11-80 and 1011-11-8.

9.

COMPONENTS IN 				
REGULATION ACCOUNT

The expenses that are covered by a network company’s income-cap
encompass, according to section 3, item 2 of the current income-cap
Executive Order:
1) Depreciation and operating expenses.
2) Return of interest on a historical return basis (income-cap Executive Order section 7 and section 39) and a forward-looking return
basis (income-cap Executive Order section 7 and section 40, and
also Executive Order no. 1595 of 18 December 2017 on the rate of
return for network companies forward-looking return basis), which
cf. section 7.
3) Expenses associated with the implementation of energy efficiency
covered by the Executive Order on energy-saving service 		
in network and distribution companies.
The examples below all originate from The Energy Board of Appeals
(EBA).

9.1. NET ASSETS
A financial incentive has been for the individual network company to
maximize its net assets to have a larger economic latitude.
An example of this is seen in a ruling from the Energy Board of Appeals from 2020 (EBA file number 18/03884). In the relevant case,
the Danish Utility Regulator had decided “that delivered quantities
to electricity consumers directly connected to the transmission network should not be included in the regulation accounts, just as income, costs, depreciation and the value of network assets related to the
same electricity consumers should not be included in the regulation
accounts” (my translation). This ruling was accepted by the Energy
Board of Appeals. The ruling was in line with former practice from the
Energy Board of Appeals. See EBA file number 18/00359 (customer
relations with consumers directly connected to the transmission network was not covered by a network company’s authorization to run
a network company), EBA file number 18/00276 (delivered amounts
of electricity and also income, expenses, depreciation, and the value of
net assets related to customers directly connected to the transmission
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network were not counted in the network company’s regulation account), EBA file number 18/00278 (Danish Railway Agency) and EBA
file number 18/0027 respectively 1011-17-34 (electricity consumers
directly connected to the transmission network should not be factored
in the regulation account). It made no difference that the relevant network companies owned the meters and measurement systems.
However, the Energy Board of Appeals came to the opposite conclusion in EBA file numbers 18/00279 and 18/00359. It was determined
that delivered amounts of electricity to customers directly connected to
the transmission network could be factored in the complainant’s regulation accounts. The relevant regulations were substantiated by justified expectations. Justified expectations were tried in EBA file number
18/00281 but were declined.
Another example can be found in EBA file number 18-03884 in which
the Energy Board of Appeals confirmed the Danish Utility Regulator’s
regulation on cars, rolling material and tolls could be characterized as
net assets.

9.2. EXTRAORDINARY EXPENSES
The income-cap executive order encompasses regulations on adjustment of the economic frame in case of extraordinary circumstances.
For example, see the executive order § 18 (net loss because of exogenous circumstances) and § 32 (significant negative result because of
exogenous circumstances). Earlier versions of the income-cap executive
order decisions have been made on extraordinary expenses.
In EBA file number 1011-13-3 from 2012, the Energy Board of Appeals found that the expenses for remotely read meters should be kept
out of the benchmarking as extraordinary expenses. Otherwise, the
starting point was that all expenses must be included in the benchmarking. The Energy Board of Appeals found that the benchmarking
had to be continuously adjusted to technological development. Remotely read meters were not widespread at the time, and the data was
found to be varying and incomplete.
In the same case (file number 1011-13-3), the Energy Board of Appeals found that expenses for Smart Grid at the time should be kept
out of benchmarking as extraordinary expenses. The Energy Board of
Appeals criticized the involvement of the expenses for Smart Grid without a decision on how the expenses should be treated in the then-current grid volume model and without a decision on what should be
understood in more detail by the term Smart Grid. Smart Grid has
a near connection with demand response regulation, on which some
emphasis is found in the latest Electricity directive. The background
is to be found in the Clean Energy Package (Anchustegui and Formosa 2020, p. 90) (Hancher and Winters 2017). Should the electricity
distribution network as part of the Green Transition be adapted to a
greater consumption from electric cars and heat pumps, for example,
and possibly electricity producers including prosumers, this could occur through a physical expansion of the electricity grid to continue to
handle an increasing peak load, and/or initiatives implemented to even
out the consumption over the day.3 If the network companies must
invest economically rationally, it would be appropriate that income-cap
3 About prosumers, see Energinet 2018.

regulation provide an incentive to act socioeconomically rationally in
the choice between grid expansion and alternatives to this (e.g. a Smart
Grid solution as demand response). This was not the case in the aforementioned case on the grid volume model. Regarding extraordinary
expenses, it may be a way to modify the income-cap regulation.
Under income-cap executive order section 24, the Danish Utility Regulator can increase or revise down a network company’s expense frame
as a result of an injunction or modification of an injunction from an
authority, including from the TSO. In EBA file number 1011-15-44
the Energy Board of Appeals did not find that the public-owned infrastructure company Metroselskabet I/S could be considered as a public
authority. In urban areas, network companies have electricity network
lying underneath streets and pavement. The network company does
not pay to have cables lying here (so-called franchise tax). The cables
lie here according to the “guest principle”, under which network companies do not pay any fees but must move their cables if they get in the
way of other construction projects (Mortensen 2005). Moving the cables occurs frequently. The relevant case was dealing with a large metro
construction project which resulted in large expenses for the network
company. The expenses for moving cables had to be borne by the network company. For example, see e.g. EBA file number 1011-10-12 and
1011-14-12. The Energy Board of Appeals as well as the Danish Utility Regulator found that cable rerouting could not be regarded as extraordinary expenses. Cable rerouting is an expected part of operating
expenses that network companies have to bear. However, the Danish
Utility Regulator has to make a specific assessment (EBA file number
1011-01). Furthermore, it appears from practice that orders from authorities (possible increase to the cost frame) are only considered to
include individual orders and not orders or amendments that encompass the whole sector. For example, see EBA file number 1011-14-166
on data hubs and EBA file numbers 1011-13-93 and 1011-13-93 on a
remote-control system.

9.3. DE MINIMIS LIMIT
In EBA file number 1011-14-12 the Energy Board of Appeals stated
that the Danish Utility Regulator was obligated to make a specific assessment in each case regarding any omission of the benchmarking of
extraordinary expenses. De minimis limits determined in the Danish
Utility Regulator’s practice could only be used as a guide for the exercise of discretion.

9.4. CONSOLIDATED COMPANIES
In EBA file number 18/00279 the question of fee revenue and expenses
from net activities, but entered in a service company owned by the
business group of the grid company, should be included in the regulation account. The Energy Board of Appeals, like the Danish Utility
Regulator, found that the expenses and income should be included in
the regulation account. Thus, leaving out mandatory licensed network
activities to other companies in the business group, these cannot be
kept out of the regulation account. In the relevant case, the Energy
Board of Appeals decided the case based on now abolished legal pro-
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visions. However, the state of the regulation seems to be sustained.
For example, see the current income-cap executive order definition of
“Other income that the network company obtains from the operation
of the licensed activity”, cf. section 2(2) and “Operating costs”, including “costs related to the activity subject to a license, which is included
in the accounts and booked in companies other than the network company holding the license”, cf. section 2(5). See also EBA file numbers
1011-13-3 and 18/00277.

Other elements besides the price regulation can also influence the investment strategy of the individual network companies. This includes
ownership structure and unbundling demands, including the opportunity to draw capital and profits out of the network company. In Denmark, network companies do not necessarily have to be owner unbundled from electricity generators and electricity traders, for example. The
appropriateness of this will not be considered in this paper.
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EBA file number 18/00279 of 1 March 2019 (Radius Elnet A/S).
EBA file number 18/03884 of 24 June 2020 (Vores Elnet A/S).

LEGISLATION
Electricity Supply Act: Latest Act no. 119 of 6 February 2020.
•

Repealed Act no. 54 of 25 February 1976.

•

Repealed Act No. 375 of 2 June 1999.

•

Bill no. L 234 of 29 April 1999.
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Act no. 662 of 8 June 2017 regarding amendments of among others the Danish
Energy Supply Act.
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The last search has been repeated on 10 October 2020.
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ABSTRACT
Regulation cannot always move as fast as innovation. Regulatory experiments enable real-life testing of new products, services or business models
by allowing derogations from existing rules while maintaining the protection of energy consumers. The outcomes of these experiments inform
future regulation. In this chapter, we discuss the experiences with regulatory experimentation in the energy sector of three pioneering countries: the
Netherlands, Great Britain and Italy. We compare the implementations along six dimensions: eligible project promoters, scope of the derogations,
length of the derogations, administration of the experiments, funding, and transparency. We also describe how the early approaches have evolved
in these countries. Finally, we look ahead and discuss how learnings can be applied to enable experimentation at the European level involving
technologies that are expected to become important to enable the green transition.
KEYWORDS: Innovation, Research and Development, Energy Regulation, Energy Retail, Green Deal
JEL classification: L5, L9, O3, Q4, Q5

1. INTRODUCTION
The Green Transition, formalised in the EU as the Green Deal, relies
on disruptive innovation, new technologies, and sustainable solutions
to achieve the EU’s decarbonisation objectives (European Commission,
2019). Regulation cannot focus solely on the cost-efficient use of existing infrastructure and investment in replacement and reinforcement;
it also needs to consider innovation. The Council of European Energy
Regulators (CEER) recognises that it is a challenge for National Energy
Regulators (NRAs) to keep up with changes in the sector and to ensure
that policy and regulation do not create unjustified barriers against innovation, while continuing to empower and protect consumers during
the transition (CEER, 2019). In this chapter, we discuss regulatory
experimentation, a new tool in the regulatory toolbox which allows for
more adaptive regulation. The need for regulatory experimentation is
often related to solutions which were not previously thought of or not
necessary, related to new challenges in the energy system.
There is academic literature discussing regulatory experimentation,
such as that by Bennear and Wiener (2019) and Fenwick et al. (2016).
Without focussing on a specific sector, these authors explain that with
new science, technology, and social conditions emerging there is interest in moving from static to adaptive regulation, i.e. in designing regulation to incorporate learning over time. Bennear and Wiener (2019)

distinguish between unplanned adaptive (e.g. crisis response, ad hoc
retrospective review) and planned adaptive (e.g. periodic review, adaptive licensing) regulation. Within planned adaptive regulation they
further distinguish between discretionary and automatic mechanisms.
Another relevant work is a paper by Zetzsche et al. (2017), which describes experiences with regulatory approaches to fostering innovation
in the financial sector. It classifies regulatory approaches in several categories ranging from doing nothing, to cautious permissiveness (on a
case-by-case basis, or through special charters), structured experimentalism and developing specific new regulatory frameworks. Finally, it
introduces a new approach coined a ‘smart regulation process’.
This chapter focuses on the approaches to regulatory experimentation
in the energy sector in three pioneering European countries: Italy, the
Netherlands, and Great Britain (GB). We cover the early approaches
in these countries, discuss how they evolved over the years and provide
learnings from the results to enable experimentation with new types of
technologies that are expected to be vital to enable the green transition.
Similar initiatives have also been recently launched in France (‘bac á
sable réglementaire’) and Austria (‘Energie.Frei.Raum’) (CRE, 2020;
FFG, 2020). Most of these approaches to regulatory experimentation
closely resemble ‘regulatory sandboxes’, a form of structured experimentalism. The idea behind a sandbox had its origin in software engineering: a sandbox is an environment for running potentially unsafe

* Corresponding author: Florence School of Regulation (FSR), Robert Schuman Centre for Advanced Studies, Via Boccaccio 121, I-50133, Florence, Italy.
Email: tim.schittekatte@eui.eu
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code without the risk of infecting the entire system. Regulatory sandboxes have previously been introduced in other sectors such as banking
and healthcare. Ringe and Ruof (2020) elaborate on the concept of
regulatory sandboxes in great depth. There is very limited literature on
regulatory experimentation specifically in the energy sector. Lo Schiavo
et al. (2013) describe three case studies of innovative regulation in Italy
and van der Waal, Das, & van der Schoor (2020) analyse the Dutch experience. Broeckx et al. (2019) and ISGAN (2019) collect case studies
from Australia, Austria, Germany, Italy, the Netherlands, Great Britain
and the United States.
The chapter is organised as follows. First, we discuss how regulatory experimentation fits in the regulatory toolbox to foster innovation.
Second, we compare three early approaches to regulatory experimentation in Italy, the Netherlands, and Great Britain. Third, we discuss how
the approaches to regulatory experimentation in these three countries
have evolved after the initial experiences. Fourth, we apply the lessons
learned to the European Green Deal.

2.	REGULATORY TOOLS TO
FOSTER INNOVATION
Traditionally, the regulators’ toolbox to foster innovation was limited.
Tools differed depending on whether the regulation applied to regulated
or market parties. In this section, we first describe how regulated network
companies have been incentivised to invest in innovation. Second, we
show how waivers are used to enable the business models of new market
actors and activities. Third, we introduce regulatory experimentation and
compare it with the more traditional regulatory tools.
First, to stimulate the adoption or facilitation of innovation by a regulated network company, regulators had to revise their regulatory frameworks. Traditionally, the primary objective of monopoly regulation was
to cut costs. This was done in several countries by moving from cost-plus
to incentive regulation, with Great Britain playing a pioneering role (e.g.
see Jamasb and Pollitt (2007) and Rious and Rossetto (2018)). However, in order to cost-effectively integrate more and more renewables and
fully leverage the new opportunities enabled by digitalisation, additional
incentives for the uptake of innovation were needed. Examples of such
regulatory tools are output-regulation, the remuneration of innovative
network investments with a higher return and competition for innovation grants (Bauknecht, 2011; Jenkins & Pérez-Arriaga, 2017; Meeus &
Saguan, 2011). This topic was already discussed in Jamasb et al. (2020).
Second, to stimulate new market players and activities, an important regulatory tool is waivers. Waivers are narrowly defined exemptions that are
granted for strictly defined activities or types of actors. The exemption
applies automatically to all concerned. It is explicitly granted following
a regulatory decision and can be revisited when the innovation has sufficiently matured. Waivers can also be granted implicitly by regulators
turning a blind eye to new activities or actors. An example is the waiver
of balance responsibility for wind and solar generators. The European
Commission reports that 12 of the 28 EU Member States did not include any form of financial obligation on wind and solar power produc-

ers for balancing in 2013 (European Commission, 2013). Besides other
regulated revenue schemes promoted by public authorities, such as those
described by Glachant (2019), this waiver was another form of support.
Without it, wind and solar power producers would have been exposed to
greater risk, and this risk could have rendered their novel business models
non-viable. These technologies have matured and Electricity Regulation
(EU) 2019/943 subsequently mandated that all market parties had to be
balanced responsible, with only a few exceptions.
Third, regulatory experimentation is relatively new and not yet widely used by energy regulators. Regulatory experimentation can apply to
both market and regulated parties independently of whether they are
new or old players. We define regulatory experimentation as a temporary
removal of regulatory barriers. This can be in the form of a derogation
from a rule, but it can also mean assigning responsibility to players to
conduct activities that they are normally not allowed to engage in. The
regulator has an important role in the regulatory experiments but is not
necessarily always the entity granting the derogations; it depends on the
(national) approaches. An important difference between regulatory experimentation and waivers is that the experience gained from a regulatory experiment is essential to inform the revision of existing regulation or
inspire new regulation. In other words, regulatory learning is a clear objective. Another difference is that regulators typically grant derogations
on a case-by-case basis, based on a file submitted by the experimenter,
while with waivers the derogation automatically applies to all parties that
comply with certain criteria.

3.	THE EARLY APPROACHES TO REGULATORY
EXPERIMENTATION IN ITALY, THE
NETHERLANDS, AND GREAT BRITAIN
In this section, we start by introducing the early approaches to regulatory experimentation in the three selected countries and describe the
six dimensions used to compare them. Subsequently, we describe these
national implementations using these dimensions and briefly discuss
the choices that were made.

3.1	INTRODUCTION OF EARLY APPROACHES
AND THE SIX DIMENSIONS
First, the Italian regulator ARERA is very active in promoting innovation in the energy sector and since 2010 has been launching several
regulatory experiments to test new technologies, new services and new
business models in the field.1 An overview can be found in ISGAN
(2019). Lo Schiavo et al. (2013) describe experiences with several
regulatory experiments in more depth, for example the earliest experiments with smart grids and public Electric Vehicle (EV) charging infrastructure. In this section, we focus on this latter experiment. A call
for demonstration projects was launched in 2010. Five pilots out of a
maximum of six, representing three different business models for EV
charging facilities, were selected from ten applications in 2011. Finally,
four projects were actually carried out (Lo Schiavo et al., 2017). We

1 ARERA is the Italian national regulatory authority for electricity, gas, water and waste management, formerly named AEEGSI (electricity gas and water, from 2012) and AEEG
(electricity and gas, since 1997).
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TABLE 1. SUMMARY OF THE THREE APPROACHES ALONG SIX DIMENSIONS
Eligible project
promoters

Derogations

Length of derogations

Administration

Yes

No

IT
(2010-2015)

DSOs or third-party
EV charging station
operators

Targeted

3-4 years

Regulator, with external
experts helping in the
selection procedure

NL
(2015-2018)

Initially communities
and homeowner associations

Menu of options

Default: 10 years

Ministry with advice
and monitoring from
the regulator

GB
(2016-2017)

Communities and
companies

Open

2 years

Regulator

No

Regular updates and
report at the end. Parts
of the final reports are
public.

focus on this experiment because both regulated (Distribution System
Operators, DSOs) and non-regulated parties (EV charging service providers) took part, and because it had the aim of informing wider policy
decisions.
Second, in the Netherlands, instead of waiting for a new gas and electricity act, the Dutch Ministry of Economic Affairs issued an executive
order entitled ‘Experiments in Decentralised Sustainable Electricity
Production’ (EDSEP). The objective of this executive order was to allow for experimentation with new energy services (Dutch Ministry of
Economic Affairs, 2015). The Dutch regulator, ACM, had an advisory
and monitoring role in the implementation of the executive order.3
The experiments started in 2015 and ended in 2018. 18 projects were
initially awarded derogations and 15 of them are still active. No information has been found about the number of projects that applied, but
a cap of 20 projects a year was set to limit the administrative burden.4
Third, the British energy regulator, Ofgem, has always been pushing
the envelope in regulation at the world level.5 For example, Great Britain has a significant history of implementing incentive regulation in
the period since 1990 (Jamasb and Pollitt, 2007). In December 2016,
Ofgem’s Innovation Link launched a regulatory sandbox initiative. It
enables innovators to trial new products, services and business models

Funding

Transparency
6-month reports and
final reports to the
regulator. Final public
report.
6-month or yearly meetups of experiments.
Progress reports, not
public.

without some of the usual rules applying. So far, Ofgem has run two
application rounds (‘windows’) for the sandbox. These took place in
2017. Out of a total of 68 applications for the two calls, a total of seven
sandboxes – three during the first window and four in the second –
were allowed to carry out trials (Ofgem, 2018b).6
We compare the approaches in these three countries along six dimensions. First, eligible project promoters. Eligible project promoters can
be well-defined, or the call for project promoters can be open to all
sorts of players. Second, derogations, namely whether the derogations
are predefined by the regulator or whether it is the project promoter
that takes the initiative and proposes them to the regulator. Third, the
length of the derogations. Fourth, the administration of the regulatory experiments. The regulator could manage the whole process: the
application procedure, approval, monitoring and/or evaluation of the
experiment. It is also possible for a ministry or another institution to
take the lead in some of these tasks. Fifth, the role of funding. A regulatory experiment could be tied to funding. Sixth and last, transparency
of the experiments – whether the setup and results of the experiments
were fully publicly disclosed or not.

2 More information about the discussion concerning public EV charging facilities as a grey regulatory area can be found in Meeus and Schittekatte (2018).
3 ACM stands for the Authority for Consumers and Markets. ACM regulates the Dutch telecom, transport, post, healthcare, and energy sectors.
4 van der Waal et al. (2020) states that 18 projects were approved between 2015 and 2018. The Dutch Ministry of Economic Affairs and Climate states that currently 15 projects are active
(RVO, 2020b) .

5 Ofgem stands for the Office of Gas and Electricity Markets. It supports the Gas and Electricity Markets Authority and is the regulator for the electricity and downstream natural gas
markets in Great Britain.

6 At the time of writing, only two of the seven awarded sandboxes have commenced; a third has been delayed due to funding dependencies and may still commence.
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3.2	DIMENSION 1: ELIGIBLE
PROJECT PROMOTERS
National choices
In the Italian experiment, project promoters could apply to conduct
one of three possible business models for an EV charging facility. These
business models were distinct in terms of the operator (the DSO or a
third party), the number of retailers competing at the recharging infrastructure level (mono or multi-vendor) and the degree of competition
between charging stations allowed in a determined area (exclusive licence
or not). More precisely, the three business models were the DSO as a
multi-vendor, a third-party Charging Service Provider (CSP) with an
exclusive licence for the geographical area (either multi-vendor or mono-vendor) and a third-party CSP in competition in the same area (typically mono-vendor). The selection criteria were detailed in regulatory
decision ARG/elt 242/10 (AEEGSI, 2010). Please note that a third party
applying for the experiment could be any kind of market player with an
interest in EV charging service provision, from within (e.g. a retailer) or
outside the electricity sector (e.g. a supermarket chain).
In the Netherlands, the project promoters eligible to apply for derogations were limited to homeowners’ associations and energy communities.
Two types of projects could be set up: small and large ones. A project
grid limited to 500 users was considered a small project. In the case of a
small project, the grid was owned by the project and had only one connection to the public grid. Larger experiments span up to 10,000 users
and 5 MW generation capacity. The project grids were usually operated
in cooperation with the DSO and the DSO remained the owner of the
grid. An example of the former is the Schoonschip project. Schoonschip
is an association of the owners of 46 houseboats and one communal
boat in the Buiksloterham quarter of Amsterdam. The homeowners’ association acted as supplier, producer, and distributor of electricity. The
administration of electricity use and supply was outsourced to a commercial electricity company which acted as Balance Responsible Party
(BRP) and provided electricity when a shortage occurred, and purchased
surplus electricity. An example of the latter is the Amersfoort Duurzame
Stad project, which involved 820 households and a sports complex using
a smart grid with blockchain technology to optimise the matching of
local electricity production and demand.
In Great Britain, projects applying for a regulatory sandbox were assessed
according to three general eligibility criteria instead of a narrow definition of eligible project promoters (Ofgem, 2017). First, the proposal had
to be genuinely innovative, i.e., for a product or service not already being
offered on the market or a new and sufficiently different business model being used to deliver the service or product. Second, the innovation
had to have the potential to deliver consumer benefits and consumers
had to be protected during the trial. Third, a regulatory barrier inhibited
progress of the trial. All but one of the projects that were awarded a sandbox sought to maximise the benefits of locally produced (and sometimes
stored) electricity for local consumers. The exception was a trial that implemented an innovative tariff supported by smart home technology to
enable lower bills and warmer homes for customers with storage heaters.
Some of the trials also explored the use of platforms to facilitate peer-topeer energy trading. The project promoters were very heterogeneous. For

example, they varied from energy communities such as the Chase Solar
Community to established international players such as BP and EDF
and national suppliers such as OVO Energy. Only companies that were
already licensed by Ofgem were allowed to be granted exemptions. If innovators were not licensed and were seeking exemptions, they needed to
work with a licensed business (in most cases a supplier) (Ofgem, 2018d).

Comparison and discussion
For the Italian experiments, the project promoters could be DSOs or
third parties. The third parties could choose between two business models. In the Dutch case, there were two sorts of eligible project promoters
(energy communities and homeowners’ associations) and the project
could be small (≤ 500 grid users) or large (> 500 and ≤ 10,000 grid
users). In the British case, all sorts of players could be project promoters,
including regulated and market parties. Importantly, in all three country
cases, we notice that most regulatory experimentation has been happening at the lower-voltage electricity grid, involving, for example, energy
communities, retailers, DSOs and active consumers.
A difficulty related to eligibility is discrimination. In the case of market
parties, there is a trade-off between allowing a derogation for one sort of
actor or activity and risking the distortion of competition, and not allowing a derogation for that actor but risking that a potential welfare enhancing innovation does not materialise. The significance of the market
distortion is a function of the exact derogation, the size of the actor being
granted it, and its duration. There can also be discrimination in the case
of regulated parties. For example, if in one area a DSO can implement
an innovative network tariff, it can be argued that the grid users in that
area are positively or negatively discriminated compared to the grid users
under a default network tariff.

3.3	DIMENSION 2: DEROGATIONS
National choices
Lo Schiavo et al. (2017) and ISGAN (2019) state that a derogation from
the ordinary tariff system was granted to the Italian EV charging pilots.
More specifically, a special purely volumetric network tariff structure was
introduced without fixed and capacity components. This was only applicable to network points of delivery dedicated to the public EV charging
stations. In addition, by testing a model in which the DSO owned and
operated the EV charging facility, the experiment allowed the DSO to
undertake an activity that under normal circumstances was not allowed.
To limit distortions with retail competition and cross-subsidisation
issues, two special provisions were put in place for the DSO business
model: the charging facility had to be ‘multi-vendor,’ i.e. with freedom
of electricity supplier for each transaction, and there was accounting unbundling between the DSO business and the EV charging facility.7

7 After the transposition of European Directive 2014/94/UE (AFID Directive) into Italian law in 2016, DSOs were no longer allowed to invest in and operate recharging points. This
activity can only be carried out by independent service providers within a competition frame (recitals 29-30 of Directive 2014/94/UE).
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In the Netherlands, the articles of the 2008 Electricity Act from which
projects could be exempted were predefined in the EDSEP decree – a sort
of ‘menu’ approach.8 The predefined exemptions related to the right to
own and operate the grid, grid tariff discounts, DSO metering, obligations, and exemptions from supplier licences, certain specific rules regarding the transparency and liquidity of the energy market and obligations
related to invoicing and data management. Broeckx et al. (2019) describe
that the first eight projects approved requested all the possible relevant
derogations without exception. van der Waal et al. (2020) explain in more
detail the derogations that were requested in four selected projects.

3.4. DIMENSION 3: LENGTH 		
OF THE DEROGATIONS

In contrast with the Dutch approach under the EDSEP, in Great Britain
the articles from which derogations could be requested were not predefined. With support from Ofgem, the applicant proposed the specific
derogation(s) – more ‘à la carte.’ After a co-creating process between the
innovator and Ofgem to obtain viable trial arrangements, Ofgem issued
‘sandbox letters’ to each innovator (Ofgem, 2018a). These letters set
out its understanding of the proposed trial, how it expected the trial to
operate within the regulatory framework, and the protections required
for consumers participating in the trial. It must be noted that Ofgem,
the government and a number of other industry bodies oversee different
parts of the market and regulatory arrangements. Therefore, only derogations from rules under Ofgem’s responsibility could be given. These
are mostly related to licences. Examples are derogations from tariff requirements and communication rules between suppliers and customers.
The derogations for each project are briefly described in Ofgem (2018a,
2018c). It is important to add that besides potentially granting derogations, all innovators could also rely on the regulator for bespoke guidance (about how regulation applied to their undertaking) and comfort
(about Ofgem’s approach to compliance and enforcement) for the period
of their trial.

Comparison and discussion

Comparison and discussion
In the Italian case, the derogations were targeted. In the Dutch case, a
list of articles from which derogations could be granted was predefined.
In the British case, derogations were not predefined and open for the
innovators to propose.
An important consideration to be made when deciding about the scope
of derogations and the process to grant them is regulatory effort versus
tailored support. Allowing each experiment to have tailored derogations
can give the innovators more room for creativity, but significantly increases regulatory effort as well as discrimination risks. Moreover, the
scope of the derogations can be limited by laws and regulations which
are not under the responsibility of the regulator but, for example, under
the responsibility of the ministry or industry bodies. Importantly, derogations at the national level need to comply with European legislation.

National choices
In the Italian case, the derogations lasted for three to four years. In the
Netherlands, the default duration of the derogation was ten years, but
extensions were possible. In Great Britain, derogations were granted for a
period of two years from the moment they were issued.

The lengths of the derogations vary widely between two years in GB to
ten years in the Netherlands. Italy lies in the middle.
A short duration of the derogation limits the potential market distortion
caused by the experiment. In addition, a short duration can allow for
quick learning and potential adaptation of the regulation. A long duration can give security to the innovators. Often, an innovator has to invest
a significant amount of upfront capital and needs guarantees that their
project will be able to run for at least several years.

3.5. DIMENSION 4: ADMINISTRATION
National choices
The Italian regulator was in charge of the administration of the experiment. Lo Schiavo et al. (2017) state that external experts from Ricerca
sul Sistema Energetico (RSE), a research institute, provided help in the
selection procedure. The selection criteria were identified by the regulator and the selection report is publicly available. As for administration of
the cost coverage granted to selected pilots (see also Dimension 5), the
ancillary body of the Authority for regulatory accounts (Cassa conguaglio
del settore elettrico) was directly in charge, following mandates or ARERA.
In the Netherlands, the Ministry of Economic Affairs and Climate
Change proposed the law regulating the possible derogations for the experiments. Initiatives that were willing to make use of the EDSEP needed
to apply to the Dutch Enterprising Agency (in Dutch: Rijksdienst voor
Ondernemend Nederland, RVO). RVO is an executive organisation of
the Ministry of Economic Affairs and Climate. Finally, the regulator had
an advisory and monitoring role.
In Great Britain, the regulator was in charge of the administration of the
regulatory sandboxes. Regulatory sandboxes are part of Ofgem’s Innovation Link, a ‘one stop shop’ offering support on energy regulation to
businesses looking to launch new products, services or business models.

8 Article 2 of the EDSEP lists the articles of the Electricity Act of 2008 from which project promoters can request a derogation (Dutch Ministry of Economic Affairs, 2015).
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Comparison and discussion
In the case of Italy and Great Britain, the experiments were completely
the responsibility of the regulator. In the case of the Netherlands, the
ministry and the Dutch Enterprising Agency had important roles, with
the regulator having more of a supporting function.
A difficulty created by involving several institutions is coordination between them. van der Waal et al. (2020) show that in the Dutch experiments this was a very significant issue, as there were many actors involved
in the process (the ministry, RVO, the regulator, the local authority, and
the grid operator, among others). For example, after an experimenter informed and convinced the civil-servants in one unit, the experimenters met
with resistance from the executive staff and had to re-explain their plans.
van der Waal et al. (2020) argue that this issue could be solved by designating an intermediary to serve as a bridge between national and regional actors and provide regulatory and financial advice. An advantage of including
other institutions in the setup of experiments is the possibility of allowing
experimentation with legislation which is beyond the responsibility of the
regulator but governed by the additional institutions involved.

3.6. DIMENSION 5: FUNDING
National choices
ISGAN (2019) states that the investment in charging facilities in the
Italian experiment amounted to around EUR 2 million, which was
covered through grants funded via tariffs.9 Moreover, Lo Schiavo et al.
(2013) state that the financial contribution was awarded per charging
point per year.
In the Dutch and British cases, no direct funding was coupled with the
regulatory experiments. However, the projects could apply for other
subsidies such as national or European funds.

Comparison and discussion
In the Italian case, the experiments were partly funded. No funding was
coupled with the experiments in the Dutch and British cases.
Providing funding can attract more experimenters and might increase the
possibility of success. On the other hand, public spending can increase
network tariffs and might increase the distortion of competition. Nevertheless, if no funding is awarded, it is important that experiments are
provided with guidance on how to secure national or European funding
if they are eligible. However, being selected for a regulatory experiment
does not imply an endorsement by the regulator and should not lead to
positive discrimination when applying for external funding.

3.7. DIMENSION 6: TRANSPARENCY
National choices
In the Italian case, transparency was one of the key pillars. The regulator asked the project promoters to produce a detailed report every six
months containing relevant information about the number of charging
events, recharged energy, and the duration and occupation time of the
charging points. A final report also had to be issued at the end of the
whole demonstration project. Representatives of the Italian regulator and
researchers from RSE also published a paper detailing the outcomes of
the experiment and a synthesis of the final reports can be found online
(Lo Schiavo et al., 2017; RSE, 2017).
In the Dutch case, to share learning experiences, RVO, the Dutch Enterprising Agency, organised meet-ups once or twice a year for the experiments, together with the national platform for community energy.
Periodic progress reports also had to be filed by the experimenters. van
der Waal et al. (2020) consider it unlikely that the experiences with the
experiments will be influential in the revision of the energy law because
no specific national representation of the experimenters exists and because the experimenters were not asked for their input during the consultation on the draft of the follow-up executive order. On the EDSEP
website, only short descriptions of the projects and blog posts can be
found (RVO, 2020a).
Finally, Ofgem required the innovators to maintain a risk management
plan and provide regular updates during the trial. At the end of each
trial, the innovators also had to produce a report on what had been learnt
(Ofgem, 2018a). The report had to indicate what information could be
anonymised, published, and used to inform policy development and
what information was commercially confidential and should be protected. Brief case studies of several projects that were assisted by the Innovation Link Programme can be found on the regulator’s website (Ofgem,
2020b). In addition, a summary of insights into how the regulatory sandbox approach itself can be improved were published (Ofgem, 2018b).
These insights informed the way regulatory sandboxes evolved.

Comparison and discussion
Transparency is important in all three country cases. The emphasis on
transparency was strongest in the Italian case. The regulator emphasised
that not only the regulator should benefit but also other market and
regulated parties should have the ability to profit and learn from the
experiments. In the British and Dutch cases, the emphasis was put on
regulatory learning and all the information on the experiments is not
necessarily publicly available.
It is clear that regulators should obtain a full overview of the results of
experiments in order to enable regulatory learning. However, there is discussion about whether all information regarding experiments should be
made public. On the one hand, other regulated and market parties can
benefit from the experiences. On the other hand, innovators might resist full disclosure of the experiment to protect their business ideas from
competitors and so refrain from engaging in experiments.

9 Besides the cost for the retailing of the energy, EV users charging at selected charging points paid a “global” tariff that was set by the regulator. The global tariff included network charges
and system levies, but not the cost of the charging infrastructure. The charging infrastructure was subsidized through grants funded by the overall tariff.
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4.

THE EVOLUTION OF REGULATORY 		
EXPERIMENTATION IN ITALY, THE
NETHERLANDS AND GREAT BRITAIN

In all three countries, these first experiences with regulatory experimentation were considered positive and the initiatives quickly expanded. In
this section, we first discuss how the approaches to regulatory experimentation evolved in the three countries. Afterwards, we briefly discuss
whether the approaches are converging or diverging.

4.1 ITALY: FROM REGULATORY PILOTS
TO PILOT REGULATION (2017)
The experiments conducted by the Italian regulator can be divided into
two types. Three experiments of the ‘first type,’ often referred to as regulatory pilots, were concluded and are well-documented: the experiment
involving different public EV charging infrastructure operators which
was discussed in the previous section, an experiment involving smart
grid demos set up by the DSO and an experiment in energy storage
deployment by the Transmission System Operator (TSO) (Coppo et al.,
2015; Lo Schiavo & Benini, 2018; Lo Schiavo et al., 2017). All three
experiments ran between 2010 at the earliest and 2017 at the latest.
Recently, a consultation on a fourth regulatory pilot has been launched
to test innovative practices in gas networks (39/2020/R/gas) (ARERA,
2020a). From 2017 onwards, experiments of a ‘second type’ were also
launched. The difference between the two types is that in experiments
of the second type, derogations are directly granted to all relevant actors
complying with certain criteria (‘system level’), while for those of the first
type, the derogations are only granted to the actors that are successful in
the application procedure (‘local level’). Experiments of the second type
are named ‘pilot regulations’, as the regulator is directly experimenting
with the regulation itself.
Two pilot regulation experiments are being carried out. One is about
the open protocol for interoperable in-home devices connected to new
smart meters, and the other is about aggregators participating in the
balancing market. We briefly introduce the latter experiment. It commenced with the Italian regulator issuing its Decision 300/2017/R/
eel as part of a review to comply with the Electricity Balancing Guideline (EB GL). As Galliani and Pasquadibisceglie (2018) show, the key
concept of the experiment is that aggregators of small production and
consumption units, ‘virtual dispatchable units’ (Unità Virtuale Abilitata, UVA, in Italian), are derogated from certain regulations to allow
them to provide balancing power. Previously, these ‘non-traditional resources’ were excluded from participating in the balancing market. To
identify the most promising solutions for the future, Terna, the Italian
TSO, tests different solutions in terms of settling activated resources,
fees in the case of non-delivery, and settling imbalances. At the time
of writing, five calls for virtual dispatchable units to participate in the
balancing market, differing in the types of technologies allowed, have
taken place (ISGAN, 2019).10 The expected outcome of the whole initiative is that it will inform a review of the regulatory framework for

the balancing market, enlarging the participation of distributed energy
resources, either individually or through aggregation. ARERA publishes yearly the results of the pilot regulation within its yearly Report on
renewables integration (e.g. see ARERA, 2020b).

4.2 THE NETHERLANDS: FOLLOWUP OF THE EDSEP (2020)
At the time of writing, no formal evaluation of the first experiences with
regulatory sandboxes has yet been published by the Dutch Ministry.
However, lessons learnt from the EDSEP experiences have been used to
draft a follow-up executive order.
It is foreseen that the new order will expand the size and scope of eligible projects, and also enable predefined exemptions under the Gas Act
(RVO, 2020b). In addition, project promoters other than homeowners’
associations and energy communities are allowed to apply for derogations, for example DSOs and energy suppliers. Examples of activities
that fall within the scope of the new decree are running a local flexibility
market and new business models for aggregators. It is proposed to keep
the default ten-year duration of the exemption, with the possibility of
an extension.

4.3 GREAT BRITAIN: THE OFGEM 		
REGULATORY SANDBOX 2.0 (2020)
In the case of Great Britain, Ofgem published six insights after running
the two calls for regulatory sandboxes (Ofgem, 2018b). Interestingly, the
rather low number of sandboxes awarded (seven) compared to the total
number of applications (68) is not due to innovators asking for unreasonable derogations.11 Instead, in most cases it was found that the proposed
businesses could go ahead without needing a sandbox. What many innovators really needed was regulatory advice rather than a sandbox.
This learning informed a reform of the sandbox approach itself. In July
2020, Ofgem (2020a) published ‘Energy Regulation Sandbox: Guidance
for Innovators,’ in which it explains in detail the working of the updated
sandbox approach. Importantly, as in the Netherlands, Ofgem is consulting to expand the scope of the sandbox by adding two codes that can potentially be derogated from: the Balancing and Settlement Code (BSC)
and the Distribution Connection Code (DCUSA). In this way, Ofgem
will also work closely with the respective industry code administrators,
Elexon and Electralink. Additionally, the Retail Energy Code (REC) will
also build in sandbox flexibility. Finally, Ofgem is also consulting on extending the number of rules in the supplier licence which it can provide
relief from. With the new sandbox approach, the tools available (bespoke
guidance, comfort, confirmations, and derogations) can be more easily
tailored to innovators wanting to undertake trials or wanting to enter the
market. Another important change is that, unlike the original sandbox,
innovators will be able to access the service when they need it rather than

10 Marchisio et al. (2019) report that with almost 830 MW of capacity qualified from virtual dispatchable units by the beginning of 2019, the trial, despite its limits, may be considered a
success.

11 Ofgem adds that there were 3 or 4 sandbox requests for formal derogations from current network charging rules. While Ofgem could technically provide derogations, they did not think
it was appropriate to award derogations in areas subject to major policy reforms.
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only during strictly defined windows. Lastly, the trials will continue to be
time limited but market entry sandboxes can receive enduring support.
What is meant with enduring support is that the innovator receives a confirmation that its innovation is permissible. This confirmation applies for
as long as regulation continues to allow for it. To address concerns about
market distortions, the bilateral confirmation to an innovator will be accompanied with an anonymised public notification.

4.4 CONVERGENCE OR DIVERGENCE?
In terms of project promoters eligible to be subjects of regulatory experimentation, we notice that the first approaches focussed mainly on projects in the lower-voltage electricity grid involving energy communities,
retailers, DSOs, active consumers and others. In all three country cases
we see that the range of relevant or eligible project promoters widened
as the scope of regulations that could be experimented with expanded.
More specifically, in the Italian and Dutch cases, experiments related to
gas were added to the scope of regulatory experimentation. In the British
case, Ofgem (2020a) states that the vast majority of the 350 engagements
in the three and a half years since Innovation Link was established relate
to developments in electricity markets. However, this does not mean that
innovators operating in gas markets cannot also seek support.
In terms of implementation of experiments, we see that the Dutch and
British approaches are converging somewhat. In the Netherlands, the
new approach is less restrictive regarding eligible project promoters and
the number of articles from which derogations can be requested is increasing. In Great Britain, institutions other than the regulator are involved to allow for a wider range of derogations. However, a big difference remains concerning the duration of the derogations. The Italian
pilot regulations are different to the Dutch and British regulatory sandboxes. The main difference is that the pilot regulations directly apply
to all concerned whilst an application must be approved to be granted
a Dutch and British regulatory sandbox.12 In addition, in the British,
and to a lesser extent the Dutch, approach the innovators suggest the
derogations. In this sense the experiments are innovator-led, while with
pilot regulation the experiments are instead more regulator-led. Pilot
regulation tends to mitigate issues with discrimination and distortion
of competition, while regulatory sandboxes allow for more creativity
from innovators. Both approaches demand high regulatory effort and
expertise. Importantly, the two approaches do not exclude each other but
could be used for different purposes.

5.

REGULATORY EXPERIMENTATION IN THE
CONTEXT OF THE GREEN TRANSITIONN

First, we discuss some technologies that may become more relevant in
the context of the green transition and link the discussion with relevant
EU legislation. Second, we discuss the case for regulatory experimentation at the EU level.

5.1 TECHNOLOGIES AND EU LEGISLATION
As previously discussed in this chapter, the first approaches to regulatory
experimentation focussed mainly on projects in the lower-voltage electricity grid. These approaches evolved and the range of regulations which
can be experimented with has expanded. Importantly, the gas sector will
also be engaged more and more. However, the focus remains on the lower voltage/pressure levels. There is a good reason for this: the scope of
these experiments lies within domains covered by EU directives (such
as retail licences and distribution network tariffs). EU directives often
allow for bottom-up national experimentation with regard to obligations
for new actors or rules for new activities as long as certain principles are
respected (i.e. the ‘directions’ set in the European legal texts).
However, innovation is also needed at higher voltage/pressure levels. For
example, ‘EU Strategy for Energy System Integration’ clearly states that
Power-to-X technologies will be crucial to integrate energy infrastructure
(European Commission, 2020b). An example of a power-to-X technology is an electrolyser using electricity to split water into hydrogen and
oxygen. There is even a separate work stream outlining the EU hydrogen
strategy (European Commission, 2020a). Power-to-x technologies are
also expected to become nominated as a Project of Common Interest
(PCI) under the revised Trans-European Networks for Energy (TEN-E)
Regulation. As Schittekatte et al. (2020) discuss, technologies enabling
sector integration can be a (sometimes complementary) alternative to
cross-border integration to allow for cost-efficient integration of renewables in the electricity grid. In this sense, the related technologies fall
under EU regulations. At the national level, EU regulations cannot be
deviated from. In other words, EU regulations define strict boundaries
to national experimentation. The only possible way to deviate from EU
regulations is when an exemption procedure is included in a regulation.
A first example is merchant interconnectors. In this case, the exemption procedure allows market parties to conduct a by-default regulated
activity. A second example is the ownership of storage. Conversely, this
exemption procedure allows regulated parties to conduct a by-default
market activity.
First, merchant interconnectors. By default, electricity interconnectors
between two countries are regulated projects undertaken by national TSOs. As Kessel et al. (2011), de Hauteclocque and Rious (2011)
and Cuomo and Glachant (2012) show, merchant projects have been
exceptionally allowed as alternatives in the case that no TSOs are willing
to construct a certain interconnector. Depending on the risks involved,
national and European authorities can grant full or partial derogations,
for example from rules related to congestion revenue, which are to be defined on a case-by-case basis.13 This exemption procedure leads to private
capital being invested in interconnectors which are deemed important
for the completion of the internal market, and allows third parties with
different risk-return profiles to TSOs to test innovative technologies.
To date, only seven exempted projects have been carried out in the EU
(Gautier, 2020).14 The actors behind these projects are different in nature. Examples are BritNed, which is a joint venture of two TSOs, and
ElecLink, a wholly-owned subsidiary of Getlink, the company that owns
the Channel Tunnel concessionaire Eurotunnel.

12 An important difference between pilot regulation and waivers is that with pilot regulation the idea is not to simply return to the ‘status-quo regulation’ when the business model of the
players or activity subject to the derogation/waiver has become viable. Instead, the objective is to adapt regulation on the basis of the results of the experiment.

13 Article 7 of Regulation (EC) 1228/2003 on cross-border exchanges organises the exemption process and similar rules exist in the Third Energy Package (Article 17 of Regulation (EC)
714/2009). In particular, exemptions from regulated third-party access (TPA) and the use of the congestion rent collected are relevant for merchant projects.
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Second, ownership of storage by system operators.15 According to Directive (EU) 2019/944, in principle, transmission or distribution system
operators are not allowed to own, develop, manage or operate energy
storage facilities. However, NRAs can grant derogation from this rule.
This is possible if three conditions are (simultaneously) met (Arts. 36(2)
and 54(2) of the Directive).16 First, market participants do not express
an interest in owning, developing, managing or operating an energy storage facility. Second, the energy storage facility in question is necessary to
fulfil obligations under the Electricity Directive to ensure system safety,
efficiency and reliability. And third, the energy storage facility is not used
to sell electricity to the market. Importantly, at regular intervals or at least
every five years, the regulator must perform a public consultation on the
existing energy storage facilities in order to assess the potential availability
and interest of other parties in investing in such facilities. This exemption
procedure is indeed a way to test different storage business models. However, other than a derogation from the unbundling rules for a system operator when certain conditions are met, which might be a barrier against
deployment, no other potential barriers against innovation are lifted.

5.2 THE CASE FOR REGULATORY 			
EXPERIMENTATION AT THE EU LEVEL
In their ‘Bridge beyond 2025 Conclusions Paper,’ ACER and CEER
(2019) note that while several Member States are doing regulatory experimentation, no equivalent provision at the EU level exists. They state that
this could limit the effectiveness of national action where EU rules are
unintentionally getting in the way, and therefore propose the provision of
an ‘EU umbrella for the sandbox approach’. They also state that resulting
lessons should be shared between NRAs to avoid the need to replicate
pilots in each Member State and to accelerate decisions on whether regulation or legislation needs to be adapted.
However, ACER and CEER (2019) do not discuss the practical implementation of regulatory experimentation at EU-level. Inspiration can be
drawn from the national case studies discussed in this chapter. A difference being that the involvement of an EU actor seems crucial. In this
regard, ACER may be the right party if enough resources are provided.17
A first option could be to allow NRAs with approval from ACER or
ACER itself to set up regulatory pilots or pilot regulations which deviate
from EU regulation, as in the Italian case study. Binding EU principles
or even guidelines on how to set up such experiments would be required.
A second option could be to predefine which articles in EU regulations
could be deviated from. This would mean extending the importance
of exemption procedures beyond unbundling rules and is a similar approach to that in the Dutch case study. ACER, in coordination with the
relevant NRAs, could be the body to approve these exemptions. Lastly,
an EU-wide regulatory sandbox as in the British case could be set up and
administered by ACER in coordination with the relevant NRAs. This
seems to be the most ambitious option and would demand significant
regulatory effort.

6.

CONCLUSION AND IMPLICATIONS
FOR THE GREEN TRANSITION

We have found that the early approaches to regulatory experimentation
differ significantly in Italy, the Netherlands and Great Britain. At one
end of the spectrum, the Italian regulator truly designed regulatory pilots with well-defined business models and targeted derogations, while
at the other end, the British regulator left it open to all sorts of project
promoters to design their own experiments. The approach in the Netherlands lays in the middle with a predefined ‘menu of derogations’ from
which project promoters could choose. We have also discussed the main
trade-offs to be made when implementing a regulatory experiment for
six design dimensions.
Looking at how the approaches in these three countries are evolving, we
have also found that the implementation of ‘regulatory sandboxes 2.0’ in
Great Britain and the Netherlands seems to be converging, while the approach in Italy has evolved from designing regulatory pilots to pilot regulations. We notice that even though the scope of regulatory experiments
is expanding (e.g. also covering gas legislation), most experimentation is
happening at the lower voltage/pressure level. However, in order for the
green transition to succeed, innovation with regard to technologies at the
transmission level will also be needed. Examples are Power-to-X technologies enabling sector integration.
Currently, the only experiences with deviations from EU regulations have
been exemption procedures. More is needed. We believe that when setting up an ‘EU umbrella for the sandbox approach’ as ACER and CEER
(2019) propose, lessons can be learned from the national case studies
discussed in this chapter. Starting with transposing the regulatory pilots
as in the Italian approach or the menu of derogations as in the Dutch
approach to the EU level might be the most realistic strategy in the shortterm. If experiences are positive, the step to EU-wide pilot regulations
as in the Italian case or, ultimately, EU-wide sandboxes as in the British
case can be taken. These different approaches can also complement each
other. One approach might fit better for a certain context, as is also illustrated in the case studies. Finally, when thinking about regulatory experimentation at the EU level, involvement of an EU actor seems crucial.
In this regard, ACER could be the right party under the condition that
enough resources are provided to administer the regulatory experiments.
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14 For an analysis of more case studies, see, for example, Coxe and Meeus (2010). Joskow (2019) presents an overview of the experience with merchant transmission lines in the US.
15 Art. 2(59) of Directive (EU) 2019/944 states that in the electricity system ‘energy storage’ means deferring the final use of electricity to a moment later than when it was generated, or

the conversion of electrical energy into a form of energy which can be stored, the storing of such energy, and the subsequent reconversion of such energy into electrical energy or use as
another energy carrier. Power-to-x falls under the category of energy storage, as Olczak and Piebalgs (2018) point out.

16 The same procedure is in place for recharging points (Art. 33(3)).
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Acceptance Issues in the Transition to Renewable Energy:
How Law Supposedly can Manage Local Opposition
Birgitte Egelund Olsen
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ABSTRACT
Renewable energy projects are increasingly confronted by persistent resistance from local communities, which delays and sometimes even prevents
their implementation. This reflects the frequent gap between support for the general idea of renewables as a strategy for reducing greenhouse gas
emissions and acceptance of renewable energy installations in the local landscape. For more than a decade, the Danish Renewable Energy Act has
applied various financial measures to promote local acceptance. A general characteristic of the measures is their compensatory purpose, which presupposes that renewable energy facilities have negative impacts. The current toolbox includes instruments aimed at compensating individual house
owners for specific financial losses, as well as measures that in more general terms, and ex post, compensate for non-financial impacts. Nevertheless, the toolbox is not yet fully developed and there is a need for further understanding of how different measures work, also in relation to more
recently introduced renewables within the local acceptance framework of the Renewable Energy Act, such as solar power. Suggestions are made
for the development of more dynamic and flexible regulatory approaches that would include individualized measures tailored to meet the distinct
needs of local communities or individual landowners.
KEYWORDS: Renewable Energy Act, Local Acceptance, Community Opposition, Renewable Energy, Compensatory Measures

1. INTRODUCTION
Recently, Danish legislators have introduced an updated toolbox of
financial measures to promote local acceptance of renewable energy
projects.1 This recent amendment to the Renewable Energy Act adjusts
incentives initially introduced with the first Renewable Energy Act in
2008, and replaces original incentives with new ones. The updated legal toolbox is designed to deal with the well-known concerns of neighbours to renewable energy facilities, such as perceptions of an unfair
distribution of burdens and financial benefits, including significant
impacts on property prices.
The newly updated toolbox is characterized by even stronger elements
of individual compensation. It introduces a ‘bonus scheme’, which entails direct compensation for households in the proximity of the renewable energy facility. It also imposes an acquisition option – a right for
homeowners to transfer ownership of their homes to developers if their
property suffers a loss of value due to the renewable energy facility.

However, experience shows that local opposition should be approached
with caution, as financial incentives to promote local acceptance can be
seen as buying consent or even ‘bribery’, stirring up further opposition
(Olsen, 2016; Jørgensen et al., 2020). As a result, there is a need to
rethink the traditional legal approach and revise the current ‘damage
equals compensation’ methodology, and turn to more forward-looking
and sustainable regulatory models that may impede an overemphasis
on the negative impacts of renewables in the vicinity of where we live.
The current incentives are aimed mainly at onshore facilities and, in
some cases, off-shore facilities in coastal areas. As a result, the financial
incentives that apply to landbased and near-shore facilities, do not apply to offshore facilities in general, and local communities affected by
offshore projects are treated differently.2 From a general point of view
this may seem logical, as an offshore facility – such as an offshore wind
farm – in many cases is not visible from shore. However, this ignores
the fact that all large off-shore installations come with large onshore infrastructures. Given that an increased focus on offshore developments
is inherent in the next steps towards climate neutrality, there is a need

1 Act No. 738/2020 on amending the Renewable Energy Act.
2 Completely exempted from the toolbox of financial measures to promote local acceptance are site-specific offshore wind projects subject to tenders.
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to consider regulatory models that improve the relationship between
offshore project developers and the affected onshore communities.
The overall aim of this paper is to analyse the role of law in addressing community opposition towards renewable energy projects based
on Danish experience. More specifically, it examines legal incentives
for enhancing local acceptance of renewable energy projects, focusing
on measures with a financial element outside the legal framework of
planning, site designation, strategic environmental assessment and environmental impact assessment. The analysis has been based on the
legal framework, including preparatory works, case law, parliamentary
questions etc., applying primarily a legal doctrinal research method.
General observations stemming from public debate and insights into
specific renewable energy projects also form the basis for the analyses
and conclusions.3 How the legal framework and the specific regulatory
measures actually affect community acceptance falls outside the scope
of this paper, as it would require in-depth empirical studies drawing on
a broader range of social science methods.
The structure of this paper is as follows: section 2 focuses on community perceptions, local concerns and NIMBYism. Section 3 provides
an insight into different categories of financial instruments for promoting local acceptance. In section 4, the current Danish instruments
are discussed and suggestions to alter the existing instruments are put
forward, although they should not be seen as an exhaustive list nor as
fully developed. Focus is on legal measures directly aimed at community opposition issues. Section 5 gives a brief summary and conclusion.

2. PERCEPTIONS OF RENEWABLE ENERGY
AND COMMUNITY OPPOSITION4
Before exploring the different tools for responding to local opposition to
the siting of renewable energy infrastructure, it will be helpful to briefly explore the underlying motives and the circumstances under which
opposition arises. At a general level, there is strong public support for
moving to low carbon energy systems, especially in the main renewable
energy-producing countries (Wüstenhagen et al., 2007; Devine-Wright,
2005). However, there is often opposition to renewable energy projects
at a local level. Community opposition reflects the frequently large gap
between supporting the general idea of renewables as a strategy for mitigating climate change and increasing energy security, and accepting
renewable energy installations in the local landscape (Jones and Eiser,
2010; Eltham et al., 2008; Wolsink, 2007).
Community opposition is typically referred to as ‘NIMBYism’ (Not
In My Back Yard). ‘NIMBY’ refers to a preference for a public good
combined with a refusal to contribute to the public good. It also refers
to the tension between general and local support for renewables, or
simply general resistance to proposed developments (Van der Horst,
2007; Devine-Wright, 2005; Wolsink, 2000). The term is value-laden
as it indicates a selfish attitude. However, this more general usage of

the term is not an adequate or fair description of people who oppose
renewable energy in their local communities. They may not be motivated by self-interest, fear of development or inability to understand
the importance of combatting climate change. The term does not adequately account for other explanations for opposing renewable energy
projects, such as broader concerns of distributive fairness and lack of
transparency or inclusiveness in the decisionmaking processes (Nolon,
2011; Wolsink, 2012; Jørgensen, 2019).
There are many reasons why local communities may object to renewable energy developments. There are at least the following categories of
factors: physical, health, environmental and financial factors, perceived
distributional fairness and level of inclusion in the decision-making
procedure.
The physical or technical factors include the visual impacts and the
aesthetic intrusion of renewable energy facilities. Moreover, local opposition may concern noise, flickering shadows or simply the proximity
of installations. In Denmark, issues such as visual impacts and noise
from wind turbines are dealt with by public law requirements, such
as requirements for minimum distances and noise thresholds. There
are not (yet) such specific requirements with regard to solar parks etc.
Nonetheless, local opposition prevails even if intensive public law regulation of adverse effects applies.
Health concerns are closely related to physical factors. Uncertainty
about the health im-pacts of a renewable energy facility may be an
important contributor to local opposition (Horner et al., 2011). Another frequent concern is the impact on the environment, including on
wildlife, for example bats and birds, the ecosystem in general, and the
impact on vegetation and groundwater connected with building access
roads and hard-stand areas.
Moving renewable energy production offshore, away from the coast,
may reduce or even eliminate visual and immediate health impacts
from the renewable energy facility as such. However, it does not per
se erase community opposition. Offshore projects are not necessarily
‘out of sight, out of mind’, but may remain contested. The onshore
infrastructure for offshore wind farms is in many cases disputed, such
as cable connections and the construction of transformer stations.5
Another important concern is the financial impact of renewable energy installations on members of the affected community. People are
generally concerned about the effect of solar parks and wind farms on
their surroundings and on the value of their property. Community opposition may also be due to the financial effect on conflicting land uses,
such as a large solar park near a recreational area or an offshore wind
farm disrupting the view of the sea from holiday rentals.
Beyond more direct impacts, another critical issue is the symbolic and affective aspects of renewable energy development, including perceptions
of distributional inequity, for instance whether there is a fair sharing of
the costs and benefits of projects (Wüstenha-gen et al., 2007; Devine-

3 From 2009 until 2019, the author was Chairman of the Valuation Authority of Region Midtjylland. Currently, the author is member of the Energy Board of Appeal (2009-) and
Chairman of the Environment and Food Board of Appeal (2017-).

4 This section constitutes an updated version of section I.39.2 in Olsen (2016) 477–479.
5 This has proved to be problematic in a number of offshore projects, for example in the Energy Board of Appeal cases relating to the Anholt Wind Farm, cf. Decision File No. 1011-12-3185, 30 August 2012.
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Wright, 2005). Moreover, when a development benefits some sections
of a community at the perceived expense of others, this may damage
relationships and divide communities, leading to increased opposition.
Finally, resistance to renewable energy projects may not be directed at
the infrastructure, affiliated infrastructure or the negative impacts it
causes, but may be due to mistrust of the developer, the decision-making process or the public authorities that approve the development
plans. Citizens’ attitudes towards development will largely depend
upon the perceived possibility of influencing the decision-making
(Wüstenhagen et al., 2007). Citizens who doubt the credibility of the
information they receive or their ability to influence decision-making
will be less likely to exercise their rights to participate in consultations
and to support a project proposal.
Local authorities, which are often very sensitive to organized local opposition, have to balance the negative local impacts of renewable energy
projects against the wider national or global benefits. This is even more
of a challenge if the legal framework does not provide for an adequate
balancing of these sometimes conflicting interests. Nevertheless, local
authorities and developers cannot avoid addressing potential conflicts
with local interests. A failure to address issues of local acceptance increases the risk of projects being delayed or simply failing.

3. ADDRESSING LOCAL ACCEPTANCE 		
THROUGH LAW – THE DANISH TOOLBOX
The legal framework for replacing carbon-dependent energy systems
with renewables must provide well-thought-out incentives for enhancing local acceptance of renewables, while at the same time acknowledging that no two cases are the same and not all opposition can be
eliminated. Danish legislators have been at the forefront with regard
to the adaptation of law-based incentives directly aimed at promoting community acceptance. However, the instruments applied focus
strongly on the negative financial impacts of renewable energy projects
and the approach is entirely compensatory.
The first legally binding measures directly addressing community opposition were introduced with the first Renewable Energy Act adopted
in 2008. It enacted an individual compensation scheme, which applied
to all types of property, including existing wind turbines that would
be subject to wind shadows from a future wind project (Mortensen,
2011). The 2008 Act also introduced a co-ownership scheme, which
imposed an obligation on developers to offer a minimum of 20 per
cent ownership of wind projects to local citizens. It was supposed to
promote a feeling of local control and a sense of ‘ownership’ of the
project. The 2008 Act also introduced a community benefit scheme,
which provided funding for projects that enhanced local scenic and
recreational values. This was a one-off payment based on the capacity
of the project and funded by electricity consumers as part of general
energy taxation, contrary to the other measures that were financed by
wind developers.
Since the 2008 Renewable Energy Act, the measures for improving
local acceptance have been amended a number of times, especially their
scope of application, and in some cases they have even been replaced by
new initiatives. Accordingly, the diversity of the toolbox has decreased
with the latest amendments to the Renewable Energy Act, and today
individual compensatory measures are by far the leading approach.

Most noteworthy in terms of community involvement is the abandoning of the idea of co-ownership (Olsen, 2014, 2016; Johansen and Emborg, 2018; Jørgensen, 2019).

3.1 INDIVIDUAL COMPENSATORY MEASURES
Often the development of renewable energy facilities raises the concerns
of neighbours about the impact on their property value. In response to
this, individual compensatory measures have been introduced. More
generally, the reasoning is that a fairer distribution of benefits and losses
will generate more general acceptance of renewable energy projects in
local communities. However, there is a fine line between compensation
and ‘bribery’.
The 2020 Renewable Energy Act contains three partly interlinked legal
measures that aim at compensating individual losses, thus challenging
the perception that the underlying aim is to bribe local individuals by offering financial benefit schemes. The compensatory instruments are: the
compensation scheme, the acquisition option and the renewable energy
bonus scheme.

3.1.1 THE COMPENSATION SCHEME
The compensation scheme within the frameworks of the Renewable
Energy Act functions as an individualized compensatory payment based
on tort law principles, compensating specific losses of property value
(Jørgensen et al., 2020). The scheme, which was introduced with the
first Renewable Energy Act in 2008, aims at gaining acceptance of new
renewable energy projects from owners of affected dwellings close to the
site. The reasoning is that the neighbours to a wind turbine, for instance,
would be more willing to accept it if they were compensated for the loss
of value of their property. It entails a requirement for the developer to pay
compensation for the loss of property value to dwellings caused by the
installation of renewable energy facilities. This includes not only wind
turbines, but also solar parks (since 2018), and most recently, wave and
hydro power plants, and hybrids of all the above energy facilities. The
scheme requires renewable energy developers to fully compensate neighbours for their loss of property value, if they are facing more than a 1
per cent decrease in property value and have not contributed to the loss.
The level of compensation may be settled either by a private agreement
between the developer and the neighbour or by an administrative decision of the Valuation Authority, set up specifically to deal with neighbours’ claims for compensation. In practice, decisions are made by the
Valuation Authority. Under the scheme, neighbours are required to submit a claim for compensation to be eligible for compensation. It costs
nothing for a neighbour to submit such a claim if the dwelling in question is in close vicinity to the renewable energy facility. If this is not the
case, the applicant must pay an administration fee of EUR 530. However, the fee is reimbursed if compensation is granted.
With the latest amendments to the Renewable Energy Act, the time of
the assessment carried out by the Valuation Authority has been pushed
forward. It now takes place when the production of power has begun.
Previously, decisions on the level of compensation were based on visualisations of the future renewable energy facility. The reasoning behind
this was to make sure that the developer would know all the costs related
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to the compensation scheme early in the process. A neighbour would
also know the economic consequences of living next to a renewable energy facility relatively early, and would in theory not be tied down to
a house during the planning process. However, experience has shown
that preparing visualizations is economically relatively burdensome, and
neighbours often distrust the correctness of the visualization and hence
the decision made by the Valuation Authority, which in some cases has
led to legal proceedings.6
Consequently, by changing the time of assessment, decisions will in future be based on the actual impacts of the renewable energy facility, and
fewer decisions will, in theory, be reopened and taken to court (Energy
Agency, 2019a). The main criteria for calculating loss of property value
have not changed with the latest amendment. Based on a brief site visit
to each dwelling, the Valuation Authority takes into consideration the
characteristics of the area, visual interference, distance to the renewable
energy installation, estimated levels of disturbance, including noise and
reflections, public and private restrictions on the property, the property
value and type of dwelling, and the housing market conditions.
Since 2009, about 1300 decisions have been made by the Valuation Authority covering approximately 130 different projects (Energy Agency,
2019a). So far, the majority of decisions concern land-based wind energy.
The only other renewable energy projects completed under the compensation scheme have been two solar parks, both from 2020.7 At present,
two near-shore wind projects are pending (Anker and Olsen, 2019).
They have resulted in about 600 claims for compensation, thus proving
that the perceived impact of offshore installations is not comparable to
projects on land (Energy Agency, 2019a). Furthermore, this first experience with near-shore wind projects has revealed a weakness in the system,
as the functionality of the compensation scheme has been put under a
huge pressure, almost undermining the system in practice.
Looking at the period from the enactment of the Renewable Energy Act in
2009 to November 2019, applicants have been granted compensation in
about 68 per cent of the decisions made by the Valuation Authority. The
average compensation in proportion to the property value of the dwelling
is 8 per cent. This corresponds to an average compensation of about EUR
15,500, although compensation of between EUR 3,350 and 13,350 has
been granted in about two thirds of the cases (Energy Agency, 2019a).
As mentioned above, two solar park projects have been assessed under the
scheme. They generally do not deviate significantly from the level of compensation granted for land-based wind projects. The average compensation in proportion to the property value of the dwelling for the first two
solar projects under the scheme is only slightly lower, at around 6.7 per
cent. This corresponds to an average compensation of about EUR 7,750.
The Danish compensation scheme takes the view that wind turbines,
solar parks and other renewable energy installations will cause a loss in
value to neighbouring properties. However, do they in fact inflict an economic loss? And if so, then to what extent?

Only relatively few studies of individual compensating measures have
been carried out, and the results are not concordant. So far, the studies concern wind energy. There are no applicable studies of the impact
of solar parks. While some studies clearly anticipate negative effects on
property values (Jensen et al., 2014; Cowi, 2016; Sunak and Madlener, 2016), others have demonstrated that wind turbines may not have
a measureable impact on house prices, or the impact may be relatively
low and not necessarily permanent (Hoen et al., 2013; Vyn and McCullough, 2014; Dröes and Koster, 2016; Vyn, 2018).
The most recent Danish study shows that the average level of compensation of the Valuation Authority is only slightly higher than what the
study models imply (Jensen et al., 2018). Concerning the impact of
near-costal wind farms on property values, the same study interestingly
shows that there is no significant effect on property prices (Cowi, 2016).
Nevertheless, Danish lawmakers assume that this is the case by including
near-shore projects among the renewable energy projects that are subject
to the compensation scheme.
Offshore wind projects will presumably also affect property prices in
practice, although the Valuation Authority has not yet released any final
decisions on the matter. Since some level of discretion is involved in assessing losses in property value, it is simply presumed that the Valuation
Authority will be influenced by the fact that the legislation assumes there
will be an effect on property prices.

3.1.2 THE ACQUISITION OPTION
The acquisition option is a new instrument within the framework of the
Renewable Energy Act. The measure responds to the concerns of neighbours of not being able to sell or live in their homes (Energy Agency,
2019b). However, it is not an entirely new legal instrument, either in
law or in practice.
A similar measure is incorporated into the Act on Wind Turbine Testing
Sites at Høvsøre and Østerild.8 According to the Act, any homeowner
within a certain distance of the nearest testing turbine may request that
the state takes ownership of their property at a price that corresponds to
the official property valuation.9 So far, only one homeowner has made
use of the instrument. A similar instrument has also been used by developers on a voluntary basis to reduce local opposition from neighbours,
and in some cases also to enable compliance with distance and noise
standards for wind turbines. Apparently, the price determination has
been a little higher in these cases, roughly corresponding to the official
property valuation plus 20 per cent (Energy Agency, 2019b).
The new instrument is closely connected to the compensation scheme by
law. However, the scope of the acquisition option is much narrower, as it
only covers the neighbours living closest to the renewable energy facility,

6 Numerous cases have been reviewed by the courts, however, only two cases have been granted leave to appeal to a third instance, and have thus been reviewed by the Supreme Court, cf.
UfR 2017.3354, Ejstrup Case and UfR 2018.3205, Nørhede-Hjortmose Case.

7 Solar Park Næssundvej and Solar Park Harre.
8 Act. No. 1069/2018 (Act on Testing Sites).
9 At the Østerild Testing Site, it was within a distance of 1,500 m, while at Høvsøre Testing Site, it was within a distance of 900 m.
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while the compensation scheme covers any loss of property value constituting more than 1 per cent, irrespective of the distance.10
The acquisition option constitutes a right for an individual homeowner
to transfer ownership of property to a renewable energy developer if the
property suffers a loss of value due to the renewable energy facility. The
renewable energy developer is obliged to buy the dwelling at a price set
by the Valuation Authority. However, the obligation only applies when
the dwelling is at least partly located within a distance equal to six times
the height of the closest wind turbine, or 200 m from a solar park, hydro
power plant etc., and provided that the homeowner has been granted
a compensation payment under the compensation scheme. The homeowner may notify the developer within a certain time span that he or
she wants to utilise the acquisition option – and thus trigger the legal
obligation of the developer to buy the property.11
The introduction of the acquisition option entails that the Valuation
Authority is obliged to not only assess the loss of property value, but
also to asses and determine the price if the acquisition option is activated. The option, and hence the price determination, only covers the
dwelling and the close surrounding areas. However, neither the Renewable Energy Act nor the preparatory works provide any guidance as to
how the price should be determined, and whether it should be a price
estimate (as under the compensation scheme), or a more careful and
exhaustive price setting.

3.1.3 THE BONUS SCHEME
Like the acquisition option, the renewable energy bonus scheme is also
a new instrument within the framework of the Renewable Energy Act.
The reasoning behind the bonus scheme is to offset perceptions of unfair distribution of the financial benefits from a renewable energy project
between the developer and the local households that are affected by the
perceived burdens from the project.12 Lawmakers also expect the instrument to contribute to enhanced local support and involvement in the
project, including a sense of local ownership.13
Unlike the acquisition option, the bonus scheme has not yet been used
to promote renewable energies. Nevertheless, for a number of years it
has formed part of the legal toolbox for promoting the Copenhagen
Metro Line, providing the legal basis for compensating neighbours for
significant noise impacts during evenings and nights during the construction period.14

The bonus scheme directly compensates a household living in an existing
dwelling in the proximity of the renewable energy facility.15 A household
is one or more physical adult persons, registered as living at a specific address in the social security register. Unlike the compensation scheme and
the acquisition option, this instrument is directed towards the household
of a dwelling, not the owner. To avoid social imbalance, the bonus is
tax-free, and it is not set off against any social benefits. Moreover, the
compensation does not counterbalance a specific loss, such as a loss of
value. Instead, it is a general and uniform sum that does not reflect any
differences in the impact.
The households eligible for a renewable energy bonus are only those living the closest to the facility in question. In relation to solar parks, hydro
plants etc. the bonus scheme covers the same dwellings as those that may
file a claim for compensation without paying a fee, and those covered
by the acquisition option. Concerning wind, the scope of application is
wider as the scheme covers households living in dwellings located within
a distance of eight times the total height of the nearest turbine, while
the limiting distance under the other acceptance schemes is six times the
total height of the nearest turbine.16
The bonus is not automatically payable to the eligible households. To
receive the bonus, the household has to formally accept the offer from
the developer. Confirmation is subject to certain conditions. The acceptance has to be provided in writing, determine the allocation of the bonus
among the members of the household and be submitted within an eightweek-deadline. It is essential that the household meets the deadline, as
there is no legal basis for any extenuating circumstances, unlike the eightweek-deadline for submitting a claim under the compensation scheme.17
The developer is obliged by law to pay the bonus and to implement
the scheme, while the Energy Agency monitors the individual projects
and ensures that the bonuses have been calculated correctly. The bonus calculation is based on the capacity of the renewable energy facility,
the production above 5 kW and the electricity price. According to the
preparatory works, the average bonus per household is expected to be
around EUR 670 per year in relation to wind projects, and EUR 270 for
solar parks etc.18 However, this will depend largely upon the availability
of resources (such as wind and sunlight), as well as electricity prices and
the efficiency of the facility. Furthermore, to limit the economic burden
on the developer, the law sets a cap on the amount payable under the
bonus scheme.19

10 Dwellings located more than 5 km from the nearest turbine have been grated compensation under the scheme, cf. Bill No. L 114, Folketingstidende 2019-20, Appendix A, 18.
11 The time span is a maximum of one year and at least three months. The minimum time span for farmhouses is six months, cf. Renewable Energy Act, s 6(5).
12 Bill No. L 114, Folketingstidende 2019-20, Appendix A, 19.
13 Answer to Section 20 Question No. S 1152 (Parliamentary Question to the re-sponsible Minister) File No. 2020-1396, 18 May 2020; Energy Agency (2019c).
14 Act No. 552/2007 on the Copenhagen Metro as amended by Act No. 748/2014, s 14 b(1), cf. s 14b(5), and as implemented by Executive Order No. 768/2014.
15 The Act is implemented further by Executive Order No. 745/2020 on Renewable Energy Bonus to Neighbours to Wind Turbines, Solar Parks, Wave- and Hydropower Plants.
16 The preparatory works do not elaborate on the reasoning behind this variation.
17 The preparatory works do not touch upon this difference.
18 Bill No. L 114, Folketingstidende 2019-20, Appendix A, 18.
19 The cap is 1.5 per cent of the capacity of the project in question.
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3.2 COMMUNITY-AIMED COMPENSATION
As a supplement to the individual compensatory instruments, a community-aimed compensation scheme – the green fund – has been introduced to encourage acceptance of renewable energy facilities not only
from the primary affected neighbours, but also the surrounding community. The green fund also aims to enhance and promote local government
support for the green energy transition locally.
The green fund is not an entirely new legal instrument. It bears some
resemblance to the previous green scheme, which formed part of the first
Renewable Energy Act. The green scheme provided funding for community projects, which either enhanced the local landscape and recreational
values or initiated cultural and informative activities in local associations
in the municipalities. It was managed by the Energy Agency. Initially, the
previous scheme was financed by electricity consumers as part of general energy taxation. However, since 2017 it formed part of the national
Budget.20 The green scheme is no longer active.
Unlike the green scheme, the new initiative is managed locally by the
municipality hosting the renewable energy facility.21 Under the green
fund, the developer pays a fixed amount per MW installed, inter alia,
EUR 16,700 for land-based wind, EUR 22,000 for offshore coastal or
open door wind and EUR 5,400 for solar. The amount is payable almost
immediately after the production of the first kWh.
The green fund offers a stronger financial incentive to the hosting municipality. Firstly, a small percentage of the payment is set aside for administration of the fund. Secondly, there are few constraints on the type
of projects that may be funded. Finally, the hosting municipality is left
with discretionary powers as to how to prioritize the applications for
funding, including whether to give priority to projects that benefit the
areas or citizens affected by the renewable energy facility in question. The
scope for funding projects is thus wider than under the previous centralized regime of the green scheme, which provided funding for projects
such as the renovation of sporting facilities, installation of solar power,
enhancement of local art, cycle paths, nature trails and recreational areas
etc. (Olsen and Anker, 2014).
The previous green scheme was popular among municipalities.22 In addition, it was not disliked by developers and after its expiry, some developers continued the payment on a voluntary basis (Energy Agency,
2019d). The green fund provides even more room to manoeuvre for local
governments, and is expected to be warmly welcomed. It is thus the expectation of the lawmakers that this instrument will contribute to the
adoption of more (legally) binding land use plans for the development
of renewable energies.

4. RETHINKING THE DESIGN 		
OF LEGAL INSTRUMENTS
A strategy for dealing with community opposition must be cautious. The
types of financial measures that enhance local acceptance may vary in
different regions or under different circumstances. The same method for
increasing local acceptance may not work everywhere and in all projects.
In addition, financial measures to promote local acceptance are often
perceived as attempts to buy consent or as ‘bribery’, thus stirring up further opposition. Moreover, legal measures that entail complex procedures
are often less transparent.
Accordingly, there is a need to rethink the traditional legal approach and
revise the current ‘damage equals compensation’ methodology and turn
to more forward-looking and sustainable regulatory designs that may
reduce the current overemphasis on the negative impacts of renewable
energy facilities and the lack of transparency. In general, the current
instruments stipulated in the Renewable Energy Act have a predominatelynegative outlook. For instance, the compensation scheme is highly
focused on the negative impacts of renewable energy projects, suggesting
that wind turbines and solar parks automatically cause a loss of property
value. Similarly, the acquisition option implies that renewable energy facilities not only cause a loss of value to property. It implies that it is somehow not possible to live in a house located in the vicinity of, for example,
a wind turbine, even if it is further away from the nearest turbine than legally required. The abovementioned instruments also lack transparency.

4.1

SUGGESTIONS AND REMARKS
CONCERNING EXISTING
LEGAL MEASURES

The compensation scheme, which was introduced as a final demand stipulated by the Danish People's Party,23 has from the outset been highly
controversial, but for different reasons (Olsen, 2010, 2015; Jørgensen,
2019; Jørgensen et al., 2020). While the costs of the scheme may not be
as high as predicted by the wind developers back in 2008, the scheme is
still questionable from a local acceptance point of view.
First, renewable energy facilities are treated differently from a number of
large or intrusive infrastructure projects of vital public interest, such as
highways, biogas installations and landfill sites. Such installations only
give rise to compensation if the activity results in an unreasonable interference that exceeds the ‘tolerance limit’ under disturbance legislation
(Olsen and Anker, 2014). This in itself seems to indicate that renewable energy facilities cause great impacts even if public law requirements
(such as distance and noise standards) are adhered to. The scheme thus
emphasises the negative local impacts of renewable energy projects, while
the overall societal benefits of energy from renewable sources generate
less attention.

20 The amendment was a result of the expiry of the EU Commission’s state aid approval (case N 354/2008).
21 Executive Order No. 742/2020.
22 Amounts corresponding to 97 per cent of the total funding have been used under the previous green scheme involving 47 municipalities.
23 Det energipolitiske udvalg (2008) L 55, Betænkning over Forslag til lov om fremme af vedvarende energi, Folketinget 2008-09, 2.
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Second, there is an obvious gap between the intentions and the actual
performance of the compensation scheme. This is in particular due to
the challenges of ensuring a fair and acceptable level of compensation
that reflects a fair distribution of the burdens and benefits of a renewable energy project, and which is acceptable to the affected homeowners
(Jørgensen, 2019). A recent study found that the compensation scheme
often undermines the positive effects of the project on local acceptance,
and may even be counterproductive. The study shows that while the
compensatory instrument is recognised as fair, the compensation as such
is perceived as insufficient to offset the impacts, and unfair in distribution with regard to level and scope (Jørgensen, 2019; Jørgensen et al.
2020). An inherent problem of the instrument is thus the perception
that developers collect unreasonably large profits, while unreasonable
burdens are imposed on the neighbours. Moreover, the burdens are not
only perceived as financial, they are also seen as non-financial and relating to conditions such as a sense of not feeling at home and as the cause
of stress symptoms, sleep disruption and other disturbances.
Thirdly, the calculation of the compensation lacks transparency. For instance, the assessment of the visual impact of a wind farm will always be
subjective. Furthermore, experience shows that affected property owners
have difficulty comprehending that it is not the disturbance as such that
is compensated; it is the impact of wind turbines or solar parks on property values (Olsen and Anker, 2014; Energy Agency, 2019a). Accordingly, when the property value is low, the assessed compensation becomes
similarly low. In some cases, a dwelling is in such a bad condition that
there is no loss of property value, while neighbours living further away
from the same site, with less disturbances but in dwellings in a better
state, are granted compensation.24 This may lead to perceptions that the
scheme is unfair, not only in comparison with the perceived financial
benefits to the developer, but also in comparison with other neighbours
(Jørgensen, 2019). Consequently, neighbours of a renewable energy facility who do not receive their expected compensation will feel they have
been treated unfairly, and may as a result be dissatisfied not only with
the decision of the Valuation Authority, the developer and the renewable
energy facility, but also with the local authorities and perhaps even with
other neighbours.
In a number of cases, unfulfilled expectations have led to requests for
the reopening of cases and litigation (Olsen and Anker, 2014); Olsen,
2015, 2016). Such requests to reopen cases (that is the decision made
by the Valuation Authority) have been submitted in approximately 20
per cent of cases. Several cases have also been reviewed by the Danish
courts, including two by the Supreme Court, in 2017 and 2018.25 Although the courts have upheld the level of compensation granted by
the Valuation Authority in most cases, case law has not been entirely concurrent. To some extent, the Supreme Court has rectified this
problem. It held in both judgements that in view of the expertise and
function of the Valuation Authority, a court can overturn the decision
of the Valuation Authority only if solid grounds prevail. As a result, it is
not sufficient that the opinion of an independent surveyor differs from
the decision of the Valuation Authority. The case law of the Supreme
Court may have reduced the chances of overriding the decisions of
the Valuation Authority, and as a result decreased the number of court
cases, but it has not reduced the lack of transparency in the actual application of the legal instruments.

A fourth observation is that changing the time of the assessment of the
compensation scheme – and the concurrent introduction of the acquisition option – may actually lead to an increase in requests to reopen cases
and, accordingly, also litigation. Under the current scheme, the price determination is just an estimate based on a desktop survey of the Central
Register of Buildings and Dwellings and the housing market prices of
that particular area, combined with a brief inspection of the property.
In most cases, this assessment would be nowhere near adequate when
it comes to a conveyance of the ownership. In addition, contrary to the
current situation, it is likely that developers will also be forced to litigate
the price of a dwelling if the acquisition option is activated. The latest
amendments would thus add to the lack of transparency.
Fifthly, depending on the response to instrument among neighbours
eligible under the acquisition option, it may also affect the geographical distribution of renewable energy facilities even further, and consequently increase the uneven allocation placing such facilities primarily
in the areas with the lowest house prices (Concito, 2018). This may
increase the perception of unfairness among citizens living in those
areas. From a developer point of view, this new measure may also be
counterproductive to an aim of fewer, but bigger projects. It may obstruct the voluntary buying up of neighbouring properties carried out
by some developers during the initial planning process, given that the
acquisition option constitutes a future right for the closest neighbours
that may affect their willingness to give up their homes at this early
stage in the process.
A sixth observation is that the ‘compensation’ provided by the bonus
scheme may become so insignificant that it will be perceived as unimportant and, consequently, have limited effect. The bonus scheme and
the green fund are separate from the above mentioned schemes, primarily because the compensation provided is not connected to ownership.
Moreover, the compensation is more indirect, given that neither of the
schemes compensate any specific monetary loss of value. Over a period
of time, the green fund may ex post increase local acceptance of specific
renewable energy projects, provided it profits the community affected.
However, the instrument may have less influence on local opinion in the
crucial initial planning phases.
In conclusion, the need for financial measures to promote local acceptance is acknowledged, while it is disputable whether the Renewable Energy Act provides the most suitable legal framework. A more transparent
and less complex framework to consider is an approach similar to one
used when locating new overhead power lines and highvoltage pylons.
As a starting point, the compensation would thus in most cases be based
on standardised principles and rates, and there would only be a need
to determine additional compensation in exceptional cases, while cases
of conflict would involve the use of (compulsory) acquisition measures.
Another, but considerably more positive mindset or approach than the
existing schemes, would be the introduction of the concept a ‘local tariff’, that would bring cheaper renewable electricity to local residents by
offering reduced tariffs. With a well-thought-out design, such an initiative could even bring about a positive vibe to dwellings in the vicinity of
renewable energy facilities, comparable to the strong focus on a house’s
energy label when purchasing one, thus providing dwellings in renewable
energy-intensive areas with a higher market value.

24 See, for example, Decision of the Valuation Authority concerning Engholmvej 5, 6950 Ringkøbing, Case 09/618.
25 UfR 2017.3354, Ejstrup Case and UfR 2018.3205, Nørhede-Hjortmose Case.
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4.2

THOUGHTS ON LOCAL OPPOSITION
AND OFFSHORE RENEWABLE ENERGY

The instruments laid down in the Renewable Energy Act are aimed at
onshore facilities, but do in some cases include near-shore projects, including so-called ‘open door’ projects.26 This may seem logical from a
general point of view, as offshore infrastructure, such as an offshore wind
farm, which has been subject to a site-specific tender, in some cases is
neither visible nor audible from shore. However, this view ignores the
fact that not all offshore facilities are ‘invisible’ and that all large offshore installations come with large onshore infrastructures. Given that
an increased focus on offshore developments is inherent in the next steps
towards climate neutrality, there is a need to consider the design of potential regulatory measures that aim at improving the relationship between offshore project developers and the affected onshore communities
and landowners.
A major shortcoming of the current legal framework – aside from the
negative outlook, lack of transparency and the difficulties of offsetting
perceptions of unfair distribution – is the lack of flexibility that follows
from static legal provisions that do not consider individual circumstances, such as positive attitudes, prior experience with wind energy, confidence in local authorities or high involvement in decision-making processes. In consequence, there is in most cases a lack of impetus to do more
than what is required by law.
However, would it be possible to think of community acceptance mechanisms as dynamic instruments rather than static standards? Is it possible
to design regulatory measures within a legal framework, but still with an
inherent flexibility that can be applied in the light of variations among
the specific places, people and communities? While the more traditional
compensatory approach may be difficult to discard entirely in relation
to land-based facilities, it may be possible to implement with regard to
offshore renewables that have so far been ‘under the radar’.
One approach could be to revisit the design of the offshore tender process, and the traditional basis that the only criterion in selecting the winner is the price, and turn towards strategies that incorporate community
acceptance into the tender criteria. In the design of any tender system,
focus should be on a careful blend of financial and technical criteria, and
on project milestones. However, besides a number of financial and technical criteria, it is possible to include other limitations or non-financial
criteria, which may enhance renewable energy development.
A potential limitation as part of the tender criteria could come in the
shape of a mandatory CSR strategy for community acceptance that
would not only address this, but also require the implementation of initiatives designed to improve the relationship with the specific local community, thus complementing business activities with socially responsible
actions that acknowledge and support local communities.

5. CONCLUSION AND IMPLICATIONS
FOR THE GREEN TRANSITION
The Danish Renewable Energy Act has for more than a decade applied
various financial measures to promote local acceptance. Nevertheless,
this approach is not yet fully developed and there is a need for further
understanding of how different measures work, also in relation to more
recently introduced renewables within the local acceptance framework
of the Renewable Energy Act, such as solar power. However, concurrently there is also an opportunity for lawmakers to consider instruments that are more transparent, that provide a more positive outlook
or the option to develop a more dynamic and flexible approach that
would include measures tailored to meet the distinct needs of a community or landowner.
While debates on local acceptance are not new to the energy sector,
local opposition continues to grow. Generally, the opposition has become more organized and it has adopted a more professional approach.
Consequently, the issue must be urgently addressed if policies are to be
implemented successfully and targets met. This will require a rethinking of existing measures and perhaps even a new approach. Meanwhile,
renewable energy providers are developing even larger projects whose
impact on land- and seascapes are only increasing.
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ABSTRACT
When assessing a green initiative, the standard approach is an application of the classical discounting of future gains converted into monetary
terms. In doing so, significant uncertainties about the future value of CO2 reductions are introduced. The current alternative is to measure the
CO2 reductions in a single reference year, e.g. 2030 or 2050. This does not take into account the CO2 reduction trajectory process during the
years up to, and after, the reference year. In this paper, a new basis for decision making is presented, in which discounting of the CO2 reductions is
measured in tonnes. In this approach, the discount factor takes into account the impatience implied from the tipping point theory. Furthermore,
such a measure would adequately reflect the entire CO2 reduction profile of the initiative in question, rather than being restricted to focusing on
the impact in a (single) selected reference year.
KEYWORDS: CO2 Emissions, CO2 Reductions, Tipping Point Theory, Discounting, Intertemporal Choice

1. INTRODUCTION
In 2015, 196 countries signed the Paris Agreement and agreed to cut
emissions aiming to limit global warming to an increase of between 1.5
and 2 degrees Celsius above pre-industrial levels. Each country set out
their own individual Nationally Determined Contributions (NDC),
and the European Union (EU) has pledged to reach climate neutrality
(i.e. a net-zero CO2 emission balance) by 2050, with an interim target in 2030. However, there is still no commitment plan specifically
outlining the steps required to complete the goals for 2030 and 2050.
As such, the trajectory of achieving climate neutrality remains unclear.
In the global warming debate, one of the main concerns is that global
warming may reach a tipping point where the development is irreversible (e.g. Lenton et al., 2019). This concern implies an urgency for
efforts across the planet to achieve lower emissions levels faster than
the current efforts. It also emphasizes that emission reductions completed in 2050 may occur too late. Hence, emission reductions reached
in earlier years are more valuable than emission reductions reached in
later years.
Nevertheless, most assessments of emission reductions present no
proper discounting methods that take into account this urgency.
Currently, every country and their associated decision makers are
considering possible solutions to achieving their committed climate
targets. The main focus is on annual emissions in the reference years,
and not on the trajectory for reaching those goals. When choosing the
appropriate green initiatives, it is imperative that the analytical framework applied takes proper account of the time preference for rapid

CO2 reductions. Furthermore, it is important that it considers the
entire process of committing to CO2 reductions from the initiatives,
rather than a snapshot of reductions in a given reference year, such
as 2050. Pollitt (2008) argues that international schemes (such as the
EU Emission Trading Scheme) may not provide sufficient incentives
to meet national objectives. Hence, measures are needed that directly
create incentives for initiatives that generate CO2 reductions in the
years leading up to the reference year – and an adequate yardstick for
comparing such initiatives is called for.
Hence, the adopted analyses contain three major shortcomings: i) the
lack of urgency of CO2 emission reductions, ii) failure to include the
trajectory towards reaching the goals of 2030 and 2050, and iii) the
lack of proper aggregation of CO2 reductions. This creates the unfortunate incentive of postponing investments and decisions, which
prioritize uncertain initiatives with CO2 reductions in the far future
(e.g. 2050), minimizing the incentives for initiatives with certain CO2
reductions in the coming years (e.g. between 2020 and 2025). Such a
strategy, often referred to as a ‘hockey stick’, does not reflect the urgency that the tipping point theory presents.
In this paper, the aspects of intertemporal CO2 calculations will be
elaborated on and a potential solution to adequately account for those
problems will be discussed and presented.
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2.	INTERTEMPORAL DECISIONS
Dilemmas involving intertemporal choice are well known to economists.
Man has faced decisions which have distributed gains or costs over time,
for centuries. The notion of discounting future cash flows has been used
since the 18th century, and was first formally explained by John Burr
Williams (1938). In modern economics, discounting is considered a basic tool for evaluating gains and costs over time.
In order to evaluate the gains and costs distributed over a long time horizon, economists discount the future payment streams to a net present
value (NPV). In order to do so, the economist applies a discount factor.
The discount factor captures the patience (or impatience) of the decision
maker. If there is no impatience, that corresponds to a discount factor of
1. This means that a payment today has equal value to a similar payment
in the future. The closer to 0 the discount factor gets, the more impatient
a preference it represents.
Most economic decisions can be transferred into monetary terms, meaning a cash flow of expenses and income, and a discounting of this cash
flow can be performed. Whether the analysis concerns the building of a
factory, buying a piece of property or investing in a mutual fund, these
analyses can be transferred into a cash flow that can be discounted. This
is a standard tool in economics, and issues of intertemporal decision
making are widely researched and discussed (e.g. Laibson 2003).
Hence, the discounting of cash flows is applied to a variety of economic
assessments – from calculating the NPV of an investment to calculating
the socioeconomic cost benefit analysis (CBA) of an investment. In the
latter example, all costs and benefits are – using a set of assumptions –
calculated in monetary terms, and discounted to a common reference
year. However, investments made in order to reduce CO2 emissions do
not share the same property. Here, the ‘revenue’ from the investments is
not cash dividends, but reductions in CO2 emissions.
The link to the urgency of CO2 reductions – which the tipping point
theory suggests – is straightforward. When choosing between different
initiatives, the impatience of obtaining CO2 reductions should be reflected in the method applied to assess such initiatives.

3.	DISCOUNTED CASH FLOWS
AND CO2 REDUCTIONS
To apply a discounting method to a green investment, future CO2 reductions are translated into – and presented in – monetary terms. Thus,
all future (financial) costs and gains (in the form of CO2 reductions) of a
green investment or project will be assessed and converted into monetary
terms. While this is a straightforward exercise to do for the dividends of
financial investments, it involves a set of assumptions for a green investment evaluating CO2 emission reductions. Specifically, since it involves
all future CO2 reductions being converted into monetary terms, a complete profile of all future values of CO2 emissions is needed.
Such a profile is an estimate of the future value of CO2 emissions in
any given year. When this is performed for a green investment or initiative, the profile typically originates from one of the following three
approaches.

1. Future curves from the CO2 quota markets are adopted as the best
guess of the future value
2. Estimates from organizations or governmental bodies (i.e. International Energy Agency), often calculated from a model
3. A straight-up assumption, potentially justified by the level necessary
to achieve the 2030/2050 target.
A forecast profile based on any of the three categories has various advantages and disadvantages. In any case, forecasts from each of the
above three categories share the same inherent property: they are merely guesses as to what will happen in 10, 20, 30 or more years. Hence,
they are inherently uncertain.
When calculating the discounted cash flow of future gains, the applied
CO2 price forecast profile is therefore of extreme importance to the
final NPV result. Even small changes to the CO2 price forecast profile
can prove detrimental to the discounted value of the green project. The
advantage of this approach is that the impatience of the decision maker
is captured in the applied discount factor. However, the disadvantage
is the introduced uncertainty from the CO2 price forecast profile. The
latter can be avoided by applying the tools of intertemporal decision
making directly to CO2 reductions, rather than to the monetary value of the CO2 reductions. This would allow CO2 reductions to be
measured in tonnes of CO2 rather than in monetary terms, based on
imprecise assumptions of the future CO2 price.
Issues related to the appropriate discount factor for climate change initiatives have been discussed in the literature (e.g. Pollitt (2008), Weitzmann (2007) and Evans (2008)). Nonetheless, these discussions deal
with problems related to the classical discounting of the monetary values, and not specifically with the discounting of CO2 reductions themselves. Poudineh and Penyalver (2020) share the concern of applying an
NPV approach of discounting monetary values to green investments,
yet their concern is concentrated on inter-generational equity rather
than the impatience inferred by the tipping point theory.

4.	THE NATURE OF GREEN
INVESTMENTS AND UNCERTAINTY
ABOUT FUTURE GAINS
Most green investments (e.g. conversion to electric vehicle infrastructure, R&D to develop P2X technologies, CCS solutions) involve large
investments in the early years of the project, in order to reap the green
dividends in the future. Such investments are characterized by a low
level of uncertainty about current costs relative to a high level of uncertainty about future gains. The later in time that the future gains
will be known, the greater the uncertainty that characterizes them. As
risks and uncertainty increase over time, a careful approach would account for this by putting less emphasis on future (and hence uncertain)
benefits, compared to the current benefits. In other words, the future
benefits should be discounted in order to take into account the inherent uncertainty of the future. When applying a strong discounting to
future CO2 reductions, less weight is put on the future. As a result,
the effects of future technological advances are given little weight in
today’s evaluation. This may lead to a reduction in R&D initiatives.
However, such a result stems from the applied discount factor – not
from the discounting itself. The discount factor applied can very well
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FIGURE 1. EXAMPLE OF ANNUAL CO2 REDUCTION PROFILES FOR TWO HYPOTHETICAL GREEN
INITIATIVES.

depend on the time horizon applied. This is the case in Denmark for
all public cost-benefit analyses. These are required to apply a discount
factor that is increasing during the time horizon of the initiative (Finansministeriet, 2018).

5.	TIME HORIZON AND THE UNCERTAIN
LIFETIME OF GREEN INITIATIVES
The economic and technical lifetime of any investment is subject to
uncertainty. Recently, the lifetime of the Great Belt Bridge (‘Storebaeltsbroen’) in Denmark was prolonged from 100 to 200 years due to
optimized AI calculations and new drone inspection routines.1 Such
a dramatic change in the lifetime of an asset obviously changes the
discounted NPV of the asset. However, it does not merely double, as
might be intuitively assumed. The reason for this is the discounting.
Because of the impatience factor, the last 100 years of the lifetime of the
asset matter less today than the first 100 years, and this is reflected in
the discounted cash flow. This implies that the value to the discounted
cash flow of an extra 10, 20 or even 30 years of lifetime is negligible.
Hence, the annual incremental gains diminish over time. This is a significant strength as it eliminates the sensitivity to a key parameter of
any green initiative: the long unknown tail of the duration of the initiative’s effect on CO2 reductions.

6.	EXAMPLE
Consider two green initiatives, Project A and Project B. Project A provides
a CO2 reduction of 1,000 tonnes per year from 2020 to 2050, whereas
Project B provides a CO2 reduction of 1000 tonnes (per year) from year
2030 to 2040, and 2,000 tonnes per year from 2040 to 2050. The CO2
reduction profile of each of the initiatives is depicted in Figure 1.
Using the typical approaches, one of the following methods for evaluating the two projects against each other could be applied:
• By simply evaluating CO2 reductions in a base year, the two years
would look equally good in 2030 (both projects have a CO2 reduction of 1000 tonnes in year 2030). However, if the base year
was 2050, Project B would look better (as the 2000 tonnes CO2
reduction of Project B is bigger than the 1000 tonnes CO2 reduction of Project A in 2050).
• If the total CO2 reductions were to be added without discounting,
the two projects would each, over their lifetime, reduce CO2 by
31,000 tonnes in total. Hence, they would appear equally good.
• If an assumption on the future CO2 price were to be included, the
assumed CO2 price profile itself would determine which of the
two projects would be favoured.
None of the three methods provide a solid basis for comparing the
two projects. However, a calculation of the net present CO2 reduction
reveals a much more unambiguous answer as to which initiative is preferable. To illustrate this, a discount factor of .96 (corresponding to a

1 https://www.Berlingske, 2020. Droner og kunstig intelligens.
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discounting interest of 4%), reveals that the net present CO2 reduction
value of Project A (17,588 tonnes) is more appealing than the net present CO2 reduction value of Project B (13,037 tonnes).

7.	CONCLUSION
The solution presented in this paper is highly relevant for all evaluations and socioeconomic and net present value calculations for an
initiative that leads to CO2 reductions. Each such evaluation should
assess the CO2 reduction profile properly, rather than adopting an isolated focus on specific reference years or a spurious conversion of CO2
reductions into monetary terms. This notion follows the principles of
Pollitt (2008), where emphasis is on the process of CO2 reductions,
rather than just on the outcome.
Hence, such evaluations and calculations should be supplemented with
a calculation of the discounted net present CO2 reductions measured
in tonnes. In doing so, well-developed methods and tools of intertemporal choice are applied to CO2 reductions directly, rather than to a
spurious and uncertain cash flow conversion. The resulting net present
reductions are a measure of reductions in CO2 tonnes in present terms.
The proposed comparison and calculation would increase the accuracy
of the basis for decision making, as it eliminates the uncertainty from
the assumptions of the CO2 price profile. This approach would enable a
proper aggregation of all the annual benefits from a proposed initiative,
rather than limiting the focus to a few selected reference years. Furthermore, it would reduce the impact of future (and hence more uncertain)
CO2 reductions and create a strong incentive to create more immediate
(and more certain) CO2 reductions.
If such discounting of CO2 reductions were to be applied and used as
a basis for decision-making, it would create a clearer and more comprehensive image of a green initiative in regards to the actual accumulated
effect on CO2 reductions. Ironically, the reductions would be lower

(due to discounting) than a simple aggregation of the annual reductions. Hence, it could lead to the misperception that such an approach
would not support the green transition and climate agenda. However,
nothing could be further from the truth. The discounting emphasizes
the need to promote initiatives which – with certain and rapid reductions – can lead to rapid CO2 reductions, rather than initiatives with
uncertain CO2 reductions in the distant future. Hence, the discounting
approach presented in this paper takes into account the urgency presented by the tipping point theory.
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ABSTRACT
Taking Aalborg as the basis for a case study, we consider the discount rates, annuity rates and costs of capital that were used in recent socio-economic and financial Net Present Value (NPV) analyses of a proposed geothermal district heating plant. While the core NPV analysis applied a real
social discount rate of 4 percent, in keeping with Danish government guidance, emissions and electricity prices were based on costs of capital that
differed from this rate, as did the annuity rate applied in the financial analysis of the project. While the different rates are carefully justified in each
setting, we question whether there is consistency in the approach taken to intergenerational welfare across different steps of the analysis. The use
of high corporate rates in some contexts potentially makes it more difficult for Green Transition projects to meet the legal requirement of being
evaluated as socio-economically optimal.
KEYWORDS: Geothermal, District Heating, Social Discounting, Net Present Value, Socio-Economic Analysis

1. INTRODUCTION
The Green Transition in domestic heating requires governments, energy companies and other organisations to provide substantial up-front
investment in new technologies and infrastructure. This investment is
subsequently repaid over long time-periods through revenue generation from household energy bills and lower greenhouse gas emissions.
Determining the socio-economic and financial cases for the Green
Transition therefore requires us to balance the initial investment costs
against the long-term financial and environmental benefits through
net present value (NPV) analyses. The discount rate is the variable
that balances the present value against the future value within these
calculations.
In this chapter, we describe how Danish energy authorities apply social
discount rates within their domestic policy context. We frame our discussion around a single concrete project proposal on geothermal energy
in Denmark: a 100 MW geothermal plant based in Aalborg. By examining the up-front costs, expected operational costs, predicted carbon

savings, and the uncertainties surrounding the eventual success of the
project, we describe how Danish energy authorities might best set a
discount rate in order to undertake a socio-economic appraisal of this
proposal. From this, we draw wider lessons on how discounting under
the Green Transition can be best undertaken within the Danish energy
regulation context.
This issue is of pressing concern for energy regulation and the Green
Transition. Because of the very long time-periods over which carbon
dioxide remains in the atmosphere,2 the overall benefits from Green
Transition projects extend over many centuries. As a consequence, and
as highlighted by the Stern Review and subsequent responses to it, the
calculated NPV from greenhouse gas emissions reduction projects are
generally highly sensitive to the discount rate employed.3 Usually, if the
discount rate applied is “too high” within the regulatory framework,
then this will lead to the rejection of projects that would aid in the
Green Transition; meaning that appraisers have also failed in their legal
obligation to invest in projects that are socio-economically optimal. If

2 Nasa, 2019. The Atmosphere: Getting a Handle on Carbon Dioxide.
3 See, for example, Stern, N. (2007), The Stern Review on the Economics of Climate Change, Cambridge University Press, Cambridge; Stern, N., (2008), “The economics of climate

change”, American Economic Review: Papers & Proceedings, 98(2), 1–37; and Nordhaus, W.D. (2007), “A review of the Stern Review on the Economics of Climate Change”, Journal of
Economic Literature, 45, 686–702.
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the “wrong” annuity rate is applied within the financial analysis of a
project, the consequence is that domestic energy prices will be incorrectly set.

2. BACKGROUND TO GEOTHERMAL
DISTRICT HEATING AND THE
AALBORG PROJECT

Because of the importance of accurately estimating the discount rate
in these contexts and the complexities that arise when trying to do so,
detailed academic literature has been developed in recent years. In parallel with this, a wide range of international governmental bodies have
issued policy guidance on the appropriate social discount rate to apply
to very long term environmental projects. It is essential that energy
regulation within Denmark adopts best available practice in this area as
it moves through a Green Transition.

While the origins of geothermal energy for heating date back to the hypocausts (central heating under the floor) of ancient Rome, its potential
to help service a carbon-neutral future are vast. Estimates suggest that
it could provide enough energy to meet the consumption demands
of the entire world for six million years, with 340 exajoules (EJ) per
year in Europe alone and meet 30% of Danish district heating needs.4
Modern geothermal district heating is typically the process of injecting a fluid through a well, where it extracts underground heat from a
reservoir. The fluid is pumped to the surface where heat is extracted.
Temperatures vary depending on depth and the availability of geothermal heat. In the Swedish city of Lund, 25ºC water is extracted and
subsequently utilised in heat pumps to generate higher temperature
water for the district heating grid.5 The same principle applies in the
Danish town of Thisted, but with a temperature of 43ºC.6

The chapter proceeds as follows. In Section 2, we provide a brief background to the Aalborg project, before describing in Section 3 how the
costs of the project, and those of the woodchip combined heat and
power plant against which it was compared, are calculated. In Section
4, we explain why a 4 percent real social discount rate was used in the
socio-economic analysis of the project and compare this to rates that
are used by public bodies in other international contexts. Specifically,
we show that for any “reasonable” choice of discount rate, the geothermal project appears to be of greater socio-economic value than the
woodchip plant alternative.
In Section 5, we return to how the emissions and electricity costs, which
form a basis for the NPV analysis, are estimated. We focus on the fact
that each component is calculated using independent models that each
include their own assessment of an appropriate cost of capital. These
usually differ from the 4 percent social discount rate that is used in the
core NPV calculation. We also observe that in the financial analysis of
the project, initial investment costs are recouped through household
energy bills, based on a calculation that applies an annuity rate that also
differs from the discount rates applied in the socio-economic analysis.
Section 6 provides the discussion and conclusion. Our central observation is that there is no explicit, overarching, economic framework that
jointly considers the different discount rates, annuity rates and costs
of capital that are used in the separate calculations that form inputs to
the overall socio-economic and financial analyses of the project. As a
consequence, we cannot be certain whether the different methods can
co-exist within a unified economic and ethical framework, or whether
they instead reflect more fundamental inconsistencies in approaches to
questions of intertemporal welfare. Even in the analysis of this relatively
simple project, a number of important questions are raised about how
discount rates, annuity rates and costs of capital, should be consistently
estimated in a Danish energy regulation context and we believe that
these questions require further exploration.

4 Werner, S. (2017). International review of district heating and cooling, Energy, 137, p.206.
5  Ibid p.210.
6  Danish Geothermal District Heating. Drejebog om geotermi, 2014, p. 7.
7  Danish Energy Agency, 2020. Geotermianalyse.
8  Danish Energy Agency, 2020. Geotermianalyse, p.7.
9  Werner, S. (2017). International review of district heating and cooling, Energy, 137, p. 207.
10 Danmarks Statistik, 2020. Folketal 1. januar efter byområder, landdistrikter, alder og køn.
11 Aalborg Forsyning, 2019. Årsrapport 2019: Varme, p.14.
12 Miljø –og Energiplanlægningen, 2015. Notat: Strategi for fossilfri varmeproduktion, p.2.
13 Cowi, 2019. Projektforslag: Aalborg Kommune, p.6.

In 2020, the Danish Energy Agency evaluated the regulatory frame
work for geothermal energy for district heating in Denmark.7 Contrary to the specific Aalborg case, the Danish Energy Agency concluded
that, under the current regulatory framework, geothermal energy is not
a competitive technology for district heating supply. This is mainly due
to risks and high investment costs. Risks include the geological conditions that “can vary substantially within a few kilometres in the underground”.8 Investment costs are high because geothermal equipment
must be able to withstand harsh conditions and the process can lead to,
for example, the fouling of filters and corrosive substances.9

2.1. GEOTHERMAL DISTRICT 		
HEATING IN AALBORG
Aalborg, the fourth-largest city in Denmark with over 100,000 inhabitants,10 is mainly supplied with district heating from the combined
heat and power (CHP) plant Nordjyllandsværket (‘the North Jutland
plant’), the Reno-Nord waste incineration plant and excess industrial
heat from the Aalborg Portland cement factory: 3,871 terajoules (TJ),
1,543 TJ and 1,166 TJ, respectively, in 2018.11 In 2015, the Aalborg
Municipality bought Nordjyllandsværket and in 2017 explored a strategy to achieve fossil-free heat production by 2028, by which date the
Nordjyllandsværk will reach its end of life.12 In 2019, a project proposal was published on the deployment of approximately 10 geothermal
wells with an aggregate heat production capacity of 100 MW in Aalborg; hereafter referred to as “the geothermal plant”.13
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Aalborg Forsyning, a utility company, will own and operate the plant,
based on a “turnkey”, full package, solution. Before the transfer of ownership, the supplier will be responsible for the preliminary exploration,
design, construction and commissioning.14 When ownership of the
geothermal plant is transferred, so is the risk, barring the contractual
guarantees. At the same time as this study went to press, the geothermal
project was put on hold due to a lack of bids for the tender.15
Legislation requires the municipal council, as the governing authority, to choose the option with the best socio-economic outcome. To
determine whether the geothermal plant met this legal obligation, an
alternative scenario was established, consisting of a 100 MW (thermal
capacity) woodchip-based CHP plant. According to economic analysis,
which we will describe in Section 3, the geothermal solution saves 74
million EUR (551 million Danish Krone) compared to the woodchip
CHP plant in present value terms over its lifetime, and the geothermal
plant is therefore the socio-economically preferred option.
While this conclusion – that the geothermal plant in Aalborg is economically optimal – stands in contrast to the national-scale analysis undertaken by the Danish Energy Agency, they may still nevertheless both
be correct. One reason for the difference is the choice of alternative
technologies used in the respective studies: the national study applies
biomass boilers and sea water-based heat pumps, while the Aalborg case
compares against a woodchip CHP plant. A second reason is that local
geothermal conditions in Aalborg differ from the national average.

3. COST-BENEFIT ESTIMATES FOR
THE SOCIO-ECONOMIC NPV
We now turn to the socio-economic analysis of the geothermal and
woodchip CHP plants that the Aalborg municipal council considered
when determining the best socio-economic outcome. The analysis follows the guidelines of the Danish Energy Agency and is based on an
NPV analysis of the economic costs and benefits over a period of 20
years, discounted at a real social discount rate of 4 percent; an issue
we return to in Section 4. In this section, we concentrate on the cost
estimates, which are categorized into six parts: investments, terminal
‘scrap’ value, operations & maintenance (O&M), energy consumption,
environmental damages, and deadweight cost from distortionary taxes.
Our assumptions on technical performance, investments and O&M
costs follow the proposal from Aalborg Forsyning. All other cost estimates are calculated according to the guidelines for socio-economic
analysis set by the Danish Energy Agency.16 Among other data needed
for the analysis, the Agency provides price estimates for electricity, fuel
and various emissions and we will return to a discussion of the origin
of these prices in Section 5.

3.1. CONVERSION FROM FACTOR PRICES
TO SOCIO-ECONOMIC VALUES
Fundamentally, there are two types of prices used in the calculations:
socio-economic and private economic. While emission damages (besides CO2 emissions) and deadweight costs are priced in terms of their
socio-economic value, the costs of investments, terminal value, O&M,
energy consumption and CO2 emissions are given in private economic factor prices; i.e. market prices without value added tax and excise
duties. The socio-economic cost analysis needs socio-economic prices,
and these are better reflected in consumers’ willingness to pay, including indirect taxation. For this reason, factor prices are multiplied by a
fixed conversion factor.17 The Danish Ministry of Finance estimates the
conversion factor as 1.325,18 reflecting the level of indirect taxation.
From the point of view of the government, the conversion factor reflects the fact that public spending reduces the disposable income of
consumers. This leads to reduced private consumption and thus lower
revenue from indirect taxes.19 The ‘backflow’ loss of tax revenue is an
additional cost in the fiscal budget, and the conversion factor of 1.325
corresponds to a tax backflow of 24.5 percent.

3.2. THE GEOTHERMAL PLANT 		
COSTS AND BENEFITS
According to the project proposal,20 investment in the ten geothermal
wells is undertaken during a 4-year period, and the plant is operational
with full capacity in 2028. During the operational period there are
both fixed and variable O&M costs. The lifetime of each geothermal
well is set to 25 years, implying a terminal value at the end of the
20-year calculation window. The geothermal plant runs on electricity,
hence the energy consumption costs consist of the electricity price and
the cost of electricity transmission and distribution. The price projections for average electricity are provided by the Danish Energy Agency
and we discuss these in Section 5. The average electricity price is adjusted by a factor of 0.83 to reflect the possibility of shifting operation to
periods with low-cost electricity. Figure 1 illustrates the cost structure
of the geothermal plant.

3.2.1. EMISSION DAMAGES
The socio-economic cost-benefit analysis accounts for damages caused
by pollutants emitted during the production of the consumed electricity. According to the guidelines, the pollutants considered are carbon
dioxide (CO2), methane (CH4), laughing gas (N2O), sulphur dioxide
(SO2), nitrogen oxides (NOx) and particulates (PM2.5). As there is

14 Aalborg Forsyning, 2019. Udbud af Geotermi.
15 Aalborg Forsyning, 2020. Udbud af geotermianlæg.
16 Energistyrelsen, 2018. Vejledning i Samfundsøkonomiske Analyser på Energiområdet.
17 See section 3.1.4 in Energistyrelsen, 2018.Vejledning i Samfundsøkonomiske Analyser på Energiområdet.
18 Finansministeriet, 2019. Dokumentationsnotat om opgørelse af nettoafgiftsfaktoren.
19 Fosgerau, M., & Pilegaard, N. (2015). Nettoafgiftsfaktoren. DTU Transport. DTU Transport. Notat, Vol.. 14
20 Cowi, 2019. Etablering af 100MW geotermisk anlæg – Projektforslag.
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FIGURE 1. GEOTHERMAL PLANT - OVERVIEW OF THE SOURCES OF SOCIO-ECONOMIC COSTS.
SOURCE: OWN ILLUSTRATION.
no electricity production in the proposed plant, the electricity that the
plant uses is assumed to have emission characteristics in line with average electricity in the Danish power system, for which the Danish Energy
Agency provides emission projections. The costs of CO2 emissions are
assumed to be included in the electricity price, although the electricity
price does not include the costs of damages from other emissions created during its production. CH4 and N2O are greenhouse gasses, hence
emissions of these pollutants are first transformed into a CO2-equivalent. This is then valued using the projected price for CO2 for emissions outside the EU Emissions Trading System (ETS). SO2, NOx, and
PM2.5 are priced according to their estimated marginal damages, published by the Danish Ministry of Environment and Food.21

3.2.2. DEADWEIGHT COSTS
The final element of the socio-economic costs and benefits is the deadweight cost caused by distortionary taxes. There are a number of energy
sector specific taxes levied on the consumption of energy products, and
while these are not socio-economic costs, new investments may lead to
changes in the tax revenue. A positive change to the fiscal balance implies less taxation of other activities in Danish society, which contributes
positively to the economy overall. Likewise, a negative change implies
more taxation of other activities, and hence a deadweight cost. The Danish Ministry of Finance sets the deadweight cost to 10% of the changes
in tax revenues. In the geothermal plant proposal, the tax paid on consumed electricity generates a tax revenue,22 providing a benefit for the
economy due to less distortionary taxes elsewhere.
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(electricity)
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FIGURE 2. REFERENCE SCENARIO - OVERVIEW OF THE SOURCES OF SOCIO-ECONOMIC COSTS.
SOURCE: OWN ILLUSTRATION.
21 See section 6.2. in Energistyrelsen, 2019. Samfundsøkonomiske beregningsforudsætninger for energipriser og emissioner.
22 See section 3.1.5. in Energistyrelsen, 2018. Vejledning i samfundsøkonomiske analyser på energiområdet.
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The socio-economic NPV analysis does not include revenues from heat
sales. This is because, in the financial analysis of the project, household
heating bill revenues are adjusted to cover the costs of running the
plant under the requirement that this project is undertaken on a notfor-profit basis.

Consumption of woodchips and coal is subject to various taxes, leading
to additional tax revenues. Hence, the fuel taxes constitute a socio-economic benefit, and the reduction in deadweight costs is set to 10% of
the fuel tax collected.

3.4. COMPARISON OF THE NET 		
PRESENT VALUE OF COSTS

3.3. THE REFERENCE SCENARIO: 		
WOODCHIP CHP PLANT
In order to evaluate the socio-economic case for the geothermal plant
against an alternative, a reference scenario was selected, and the costs for
this are illustrated in Figure 2. The project proposal assumes that the existing coal plant covers the heat demand between 2024 and 2027. In 2027,
the district heating company undertakes investment in a new woodchip
CHP plant, which then takes over the heat supply from 2028.
The calculation of the socio-economic costs and benefits of the reference scenario is equivalent to that of the geothermal plant. A key
difference, though, is that the woodchip plant produces both heat and
power, and the latter can be sold in the electricity market, generating
a stream of revenues. Hence, the energy consumption costs consist of
the cost of coal and woodchips net of the revenue from electricity sales.
Likewise, under the assumption that the produced electricity replaces
reference electricity in the power system, the emission damages are calculated on the basis of the emissions from burning coal and woodchips,
net of the emissions from the corresponding reference electricity. The
guidelines set the CO2 emissions from burning woodchips to zero.

Figure 3 compares the different components of the socio-economic NPV
with a real discount rate of 4 percent applied. These relate to the costs of
the projects, since the revenues from heat sales are not included. A lower
value is therefore associated with a stronger socio-economic case. This
graph shows that the geothermal project (NPV = 2.09 billion Danish
Krone / 280.5 million EUR) is to be preferred to the woodchip CHP
plant (NPV = 2.65 billion Danish Krone / 355.7 million EUR).
The main difference comes from the higher energy and O&M costs of
the woodchip plant, while its investment costs are slightly lower. The
geothermal plant has higher costs in the early years during which investment is undertaken, but lower running costs after 2027 compared to the
woodchip CHP plant. In the reference scenario, the heat is supplied by
the existing coal plant in the first four years and this appears to be a very
inexpensive option. The additional heat delivery of the coal plant has a
very high fuel efficiency, and causes no extra O&M costs. The reference
scenario would have been even less economical without the option to
use cheap coal-fired heating in the early years.23
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SOURCE: OWN ILLUSTRATION.

23 According to the project owner, combining the geothermal plant with heat from the coal plant during the first few years would not be technically feasible because construction of the
geothermal plant needs to be carried out over a number of years.
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4. DISCOUNTING WITHIN THE 		
SOCIO-ECONOMIC ANALYSIS
4.1. SOCIAL DISCOUNT RATE USED FOR 		
CASH FLOW ANALYSIS AND THEIR 		
BASIS IN GOVERNANCE GUIDANCE
The NPV analysis presented in Figure 3 relies on the application of a real
social discount rate of 4 percent to the costs that were identified with the
geothermal and woodchip CHP plants. But choosing the right discount
rate is of paramount importance to ensure a socially desirable portfolio of
public-sector investments. The most recent guidelines for Denmark are
from 2017 and are based on earlier Norwegian guidelines.24
The recommended discount rate itself is the sum of a risk-free rate and a
risk premium. For the risk-free component, the scientific background to
the Danish discounting guidelines acknowledges that there is no single
correct approach (Finansministeriet, 2018). For example, the Ramsey
Rule, which is the workhorse representation of the social discount rate
in a ‘normative’ framework, where ethical matters of intertemporal equity are explicitly addressed, is both unobserved in the data and contentious. By contrast, more ‘positive’ financial markets-based arguments for
determining a cost of capital frequently confuse private sector and social
required rates of return. Beyond reviewing the literature, the scientific
background considers structural estimates to putting a number to the
social discount rate that can be said to incorporate both positive and
normative elements, but is more greatly swayed by the former. Based on
these considerations, including the inspection of the return on government bonds, the real risk-free discount rate is set at 2.5 percent for the
first 35 years of any project’s life.
The recommended discount rate also includes a risk premium for ‘systematic risk’. This reflects the components of a project’s revenues that

positively covary with the revenues from other public projects and so
cannot be diversified away. Following Norwegian guidance, the premise in Denmark is that the same risk premium should be applied to all
projects. This is justified through the recommendation that the discount
rate should not be based on each individual project’s systematic risk. Instead, the average systematic risk across all public projects is captured in
a single risk premium of 1.5% for horizons of less than 35 years, and this
has to be applied to all projects. This is said to give a consistent basis for
cost-benefit analyses between sectors.25 The scientific background states
that if risk is unsystematic in the sense that it is linked to a specific project
and can be diversified away because it does not covary with the benefits
from other public projects, it should be dealt with in sensitivity analysis
and not by adjusting the return requirement.
Danish guidance also acknowledges that the appropriate discount rate
should vary with the maturity of the project: a characteristic known as
the ‘term structure of discount rates’.26 As discussed in the scientific background, both the risk free component and the risk premium fall over time,
justified by theoretical arguments that uncertainty about the future implies a declining discount rate. The precise discount rate is inspired by
the Norwegian guidelines (NOU, 2012). According to the scientific background; for very long-term projects, the part of the project's net benefits
realized during the first 35 years are discounted at 4 percent per year, while
net benefits that lie between year 36 and year 70 are discounted at a rate of
3 percent, and then 2 percent beyond 70 years.
The sector specific guidelines for practitioners in the energy field follow
the general guidelines closely when it comes to the return requirement
(Energistyrelsen, 2018). It specifically emphasises the need for analysis
of the business case and user side in addition to benefit-cost analyses,
with the aim of identifying and defining the relevant projects. There is
clearer language, but somewhat different guidance, on unsystematic
risk, saying that this should be dealt with by adjusting the social discount rate in the sensitivity analysis.

TABLE 1. THE TERM STRUCTURE OF THE DISCOUNT RATE
0-35 years

36-70 years

>70 years

Real discount rate

34%

2%

Risk-free component
+ Risk premium

2.5%
1.5%

3%
Comprised of
2.25%
0.75%

2%
0%

Note. From Finansministeriet, 2018. Presents the guideline’s recommendation for the term structure of the discount rate, which, aside from a limited number of exceptions, is applied widely
across the public sector in Denmark. The required real rate of return is set to 4 percent for costs
and benefits that fall with the span of the NPV analysis of the Aalborg geothermal plant.

24 Respectively Finansministeret, 2017. Vejledning i samfundsøkonomiske konsekvensvurderinger and Finansdepartementet, 2014. Prinsipper og krav ved utarbeidelse av
samfunnsøkonomiske analyser mv. Rundskriv R-109/ 14.

25 See Nesje and Lund (2018) for a discussion of this claim.
26 E.g., Gollier and Weitzman (2010); Weitzman (2001); Weitzman (2010).

A summary of the academic case is given in Cropper et al. (2014).
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TABLE 2. INTERNATIONAL DISCOUNTING GUIDELINES
TABLE 2. INTERNATIONAL DISCOUNTING GUIDELINES
Country

Risk-free
discount rate
(in %)

Rationale

Risk premium
(in %)

Overall
discount rate
(in %)
(short to
medium term)

Long-term discount rate
(in %)

United Kingdom

3.5%

Simple Ramsey
Rule, SRTP.
Growth risk not
incorporated,
project risk
is minor

0%, although
3.5% contains
1% for
“catastrophic risk

For all
projects and
regulatory
analysis:
3.5%

The forward rate (in %)
for time horizon in years (H)
is respectively:
H = (0-30, 31-75,
76-125, 126-200,
201-300, 301+),
SDR = (3.5%, 3%,
2.5%, 2%, 1.5%, 1%)

United States

For CBA:
3%, with
sensitivity
up to 7%

3% =
consumption
rate of interest,
risk-free
(SOC/SRTP).
7% = average
corporate returns
(SOC)

7% is a risky
rate of return,
but no project
specific risk
premia

Depending
on source of
funding, projects
and regulatory
analysis:
3 to 7%

OMB (2003)
recommends lower rate for
“intergenerational” projects,
for USEPA (2010)
recommends 2.5%

United States

For CEA:
2%

SRTP

None

2%

No guidance on
long-term CEA

France

2.5%

Quinet (2013),
Risk free
rate of return.
(Note,
Lebegue, 2005
Ramsey Rule)

Beta * 2%,
2% comes from
the estimated risk
of “deep recession",
see Barro (2006)

For risky
projects:
2.5% + Beta *
2%

Risk free rate: declining to
1.5% after 2070 time
horizon.Risky premium:
2% for Beta = 1 rising
to 3.5% after 2070 time
horizon

Norway

2.5%

Risk-free
return to
government
bonds

1.5% systematic
For all projects
risk premium,
and regulatory
fixed for all projects analysis: 4%

Risk free rate declining to
2% after 75 years.
Risk premium to
0 after 75 years.

Netherlands

-1%

CAPM,
opportunity cost
Approach

3.25% systematic
2.25%, except
risk premium,
for fixed sunk
fixed for all projects costs and highly
non-linear
benefits

Accepts DDRs, but opted
for fixed risk free rate of -1%,
and fixed systematic risk
premium

Note. From OECD (2018), updated based on new guidance in the Netherlands (Centraal planbureau, 2020). The table clarifies
motivations for the choice of the social discount rate (SDR). Here, the CAPM beta is a device to construct the risk premia. The Ramsey Rule's
Note. From
Updated
on newconsidered
guidance in
thenormative.
Netherlands
planbureau,
The tableand
clarifies
moSocietal
Rate OECD
of Time (2018).
Preference
(SRTP)based
is generally
to be
The(Centraal
Capital Asset
Pricing 2020).
Model (CAPM)
Social
tivations
for
the
choice
of
the
social
discount
rate
(SDR).
Here,
the
CAPM
beta
is
a
device
to
construct
the
risk
premia.
The
Ramsey
Opportunity Cost (SOC) are generally positive. Discount rates that are declining with the horizon, so-called declining discount rates (DDRs),
Rule's
Rate
of Time Preference
(SRTP)
is generally
considered toanalysis
be normative.
Capital analysis
Asset Pricing
Model
(CAPM)
are
alsoSocietal
prevalent
in guidelines.
Guidelines
relate either
to cost-effectiveness
(CEA),The
cost-benefit
(CBA),
or both.
and Social Opportunity Cost (SOC) are generally positive. Discount rates that are declining with the horizon, so-called declining discount rates (DDRs), are also prevalent in guidelines. Guidelines relate either to cost-effectiveness analysis (CEA), cost-benefit analysis
(CBA), or both.
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4.2. DIFFERENT INTERNATIONAL
CHOICES OF DISCOUNT RATE
While the real social discount rate in Denmark is 4 percent for costs
and benefits arising within the first 35 years, it is clear from Table 2 that
it varies across OECD countries.27 Starting with the risk-free component of the discount rate, and going from the lowest to the highest for
the short- to medium-term:
• In the Netherlands, the real risk-free discount rate is -1 percent and
based primarily on positive consideration of real yields that are currently available on Government bonds. This is the most recent recommendation on discount rates from a major OECD country and
could be informative in the Danish context for how to account for
lower return requirements in the current economic context.
• The United States’ real risk-free discount rate is 2 percent for
cost-effectiveness (CEA), but not cost-benefit analysis (CBA).
This is motivated by explicit ‘normative’ considerations of intergenerational welfare. The relevance of this rate in the Danish context is not clear as the Aalborg case is evaluated under CBA rather
than CEA.
• France’s short- to medium-term real risk-free discount rate is 2.5
percent, and is identical to the risk-free discount rate in Denmark.
It is declining over time, motivated by normative considerations,
and may be informative in the Danish context for thinking about
how to account for explicitly ethical motivations for declining
discount rates. This contrasts with the more positive Danish approach, although some of these normative rationales are discussed
in the scientific background to the Danish guidelines.

We can also see from Table 2 that different countries take very different
approaches to risk premiums in the discount rate. The Netherlands
also has a fixed risk premium of 3.25%, higher than the guidelines in
Denmark and partially offsetting the lower risk-free rate. The 1 percent ‘catastrophic risk’ component of the UK’s overall 3.5 percent social discount rate aims to capture a range of factors that vary from the
possibility of societal collapse to the systematic risk of average public
projects. As mentioned above, the upper 7 percent rate in the US captures the risk inherent in private investment, while the 5 percent rate
used in some environmental contexts attempts to capture the average
systematic risk of environmental projects.
The French guidance is particularly interesting as it varies the risk premium
between different projects based on their individual systematic risk, rather than the average risk across public projects. This is clearly theoretically
correct, but can be difficult to estimate in practice. Based on the work of
Christian Gollier, which contrasts with the theoretical work that underpins
the Danish guidance, the risk premium increases rather than decreases over
time (e.g., Gollier, 2014). This offsets the declining risk-free component
of the discount rate and, depending on the individual systematic risk of
the project, can result in declining, flat, or rising term structures for the
social discount rate. This is not relevant for the Aalborg project, however,
because of its relatively short maturity.
An area where we believe that the Danish sectoral guidelines needs some
revision is the recommendation that sensitivity should be undertaken on
the discount rate to account for unsystematic risk. Under standard theoretical models, unsystematic risk does not influence the discount rate, but
instead should be included in the estimation of the expected cash flow, and,
potentially, cash flow sensitivity analysis. This is consistent with the general
Danish scientific guidance on the treatment of unsystematic risk.

• As explained above, Norway’s guidance is highly similar to that in Denmark, but with a slightly different term structure of declining rates.
• The United States’ recommendation is that real discount rates of
both 3 percent and 7 percent should be applied as sensitivity analysis in CBA. The 7 percent, though, cannot be considered to be
risk-free because it relates to the required rate of return on private
capital, which includes a risk premium for real investment. In some
environmental contexts, which may be of more relevance to the
Green Transition, rates of 2.5, 3 and 5 percent are used instead
(Greenstone et al., 2013). These reflect a blend of positive and
normative considerations, with the 3 percent rate being primarily a
positive real risk-free rate.
• The United Kingdoms’ short- to medium-term real risk-free
discount rate is 3.5 percent, driven by normative considerations.
However, this includes 1% for ‘catastrophic risk’, which may be
considered to be a type of risk premium. This guidance has influenced current Danish thinking on the risk-free discount rate.
Overall, the Danish real risk-free rate of 2.5% falls very much in the middle of the guidance provided by OECD countries, although the Dutch
currently use a substantially lower rate. It is also close to the average rate
recommended by academic experts in the field (Drupp et al., 2018).

4.3. THE SENSITIVITY OF THE 		
SOCIO-ECONOMIC ANALYSIS TO
THE CHOICE OF DISCOUNT RATEE
Given these different approaches to social discounting in different
international contexts, the question arises as to whether the relative
socio-economic attractiveness of the geothermal plant and the woodchip CHP plant could be reversed under other ‘reasonable’ discounting
assumptions. To answer this question, we deduct the woodchip CHP
plant costs from the geothermal plant costs in each year to construct a
series of ‘net costs’. In the early years, this series is positive because of
the low costs of running out the existing coal plant. However, in later
years, the geothermal costs are lower, meaning that the ‘net costs’ series
becomes negative. Importantly, the sign of the series changes only once:
from positive to negative in 2027.
Because this ‘net costs’ series changes sign only once, the internal rate of
return (IRR) that sets the present value of this series to zero – implying
that the two alternatives are equally socio-economically attractive – is
unique. If the discount rate is below this unique IRR, then the geothermal project will be preferred because its long-term benefits are discounted at a lower rate. For higher discount rates, the woodchip CHP plant
would be preferred because its benefits arise in earlier years.

27 Groom and Hepburn (2017) presents an excellent description of the evolution of discount rates in different international contexts. See Freeman et al. (2018) and Nesje and Lund (2018)
for more specific discussions in the UK and Norwegian contexts respectively.
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FIGURE 4. PROJECTED CO2 PRICES EXCLUDING TAXES. SOURCE: DATA BASED ON DANISH
ENERGY AGENCY (2019).31
We calculate this unique IRR to be equal to 15.25%. This is considerably above the discount rate used by any OECD country. Given this,
we can conclude that the socio-economic preference for the geothermal
plant is not driven by the specific discounting choices made by the
Aalborg municipal council. However, this may not generally be the case
for Green Transition projects in Denmark.

The price of electricity includes the associated CO2 emission costs, because it is the electricity producer who pays for the emission permits
under the EU ETS scheme. CO2 emission costs from electricity consumption are thus not to be included as additional costs in relation to
electricity.30 However, other greenhouse gas emissions are not included
in electricity prices and have to be accounted for separately. These emissions, excluding CO2, are priced as CO2-equivalent emissions outside
the EU ETS. Price projections are shown in Figure 4.

5. COSTS OF CAPITAL IN THE 		
CASH FLOW ESTIMATES

For emissions inside the EU ETS, the price is based on the current
market price of CO2, projected forward using a discount rate based
on the real return on a risk-free asset (the rate on German 10-year government bonds) plus a risk premium of 3.5 percent annually.32 As of
June 2020, this was a discount rate of approximately 3.3 percent.33 This
methodology, developed by the Danish Ministry of Finance, assumes
that the cost of emission allowances follows companies’ expected financing costs.34 The future price projections are thus entirely detached
from any changes to national or EU targets, instead being based purely
on considerations of financing costs, not policies or actions that relate
to the EU ETS or the energy system broadly.

At first sight, the discount rate used in the socio-economic analysis
of the Aalborg geothermal plant follows both the sectoral and overall
governmental guidance that is applied in Denmark. In this section,
though, we argue that a number of the costs that are included in the
analysis incorporate real costs of capital that differ from the 4 percent
discount rate that underlies the project’s core NPV calculation. The
calculation assumptions are given by the Danish Energy Agency.28

5.1. CO2 PRICES
CO2 prices are used in relation to emissions from fuel and electricity
consumption and electricity production. The costs of emissions are calculated for sectors inside and outside the EU ETS, and these are subject
to multiplication by the conversion factor in socio-economic analyses.29

For emissions outside the EU ETS, costs are set to the expected reduction costs for reaching a set emission target.35 The cost is anchored in a
2030-projection of 40 EUR-201036 per tonne of CO2,37 which is then
interpolated back to preceding years using the EU ETS price trend.38 The
2030 value is based on the modelling of the European Commission’s scenario GHG40, which assumes 40% greenhouse gas reductions by 2030
when compared to 1990.39 The PRIMES model is used as the basis for

28 Energistyrelsen, 2019. Samfundsøkonomisk beregningsforudsætninger for energipriser og emissioner.
29 Energistyrelsen, 2019. Samfundsøkonomisk beregningsforudsætninger for energipriser og emissioner, p. 28.
30 Energistyrelsen, 2018. Vejledning i samfundsøkonomiske analyser på energiområdet, p. 18.
31 From data in Energistyrelsen, 2019. Samfundsøkonomisk beregningsforudsætninger for energipriser og emissioner, p.15.
32 Energistyrelsen, 2019. Samfundsøkonomisk beregningsforudsætninger for energipriser og emissioner, p. 28.
33 Derived from the numbers presented in Energistyrelsen, 2020c. Basisfremskrivninger for CO2-kvotepriser.
34 Energistyrelsen, 2020c. Basisfremskrivninger for CO2-kvotepriser, p.2.
35 Energistyrelsen, 2019. Samfundsøkonomisk beregningsforudsætninger for energipriser og emissioner, p. 27.
36 E2010-price level described for the Reference Scenario in European Commission, 2014. A Policy Framework for Climate and Energy from 2020 to 2030, p. 29.
37 European Commission, 2014. A Policy Framework for Climate and Energy from 2020 to 2030, p. 59.
38 Energistyrelsen, 2019. Samfundsøkonomisk beregningsforudsætninger for energipriser og emissioner, p.28.
39 European Commission, 2014. A Policy Framework for Climate and Energy from 2020 to 2030, p. 41.
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TABLE 3. WACC RATES APPLIED IN THE PRIMES MODEL
Standard discount
rate of PRIMES

WACC rates (real)

Modified discount rates
due to EED*

9%
12%
12%
8%
12%
17.50%
17.50%

Power generation
Industry
Tertiary
Public transport
Trucks and inland navigation
Private cars
Households

2015

2020-2050

9%
12%
11%
8%
12%
17.50%
14.75%

9%
12%
10%
8%
12%
17.50%
12%

Note. EED refers to the Energy Efficiency Directive. The EED’s expected facilitation of institutions, certifications and controls translate into an expectation of reduced risk and the associated discount rates. Adapted directly from the original table.40
calculating this scenario, and this incorporates assumptions about several
different sectoral weighted average costs of capital (WACC), which again
differ from the social discount rate of 4 percent used in the Aalborg project’s NPV calculation. These are summarised in Table 3.

ETS emissions of 40 EUR-2010 per tonne of CO2 is thus a 2030-cost,
derived from modelling different agents with varying private real discount rates.42 This absence of social discounting has been criticised by
Ecofys, which suggests a level of 3-6 percent.43

The modelling documentation describes the approach as follows: “The
PRIMES model is based on individual decision making of agents demanding or supplying energy and on price-driven interactions in markets. The modelling approach is not taking the perspective of a social
planner and does not follow an overall least cost optimization of the
entire energy system in the long-term. Therefore, social discount rates
play no role in determining model solutions”.41 The cost of non-EU

5.2. ELECTRICITY AND FUEL PRICES
Electricity price projections are based on the RAMSES model towards
2030, assuming an amount of renewable electricity equal to the Danish
demand.44 The projected price to 2040 is shown in Figure 5.
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FIGURE 5. RAW SOCIO-ECONOMIC ELECTRICITY PRICES WITHOUT TAXES.
SOURCE: DANISH ENERGY AGENCY (2019).45
40 Energistyrelsen, 2019. Samfundsøkonomisk beregningsforudsætninger for energipriser og emissioner.
41 European Commission, 2013. Energy Trends towards 2050, p. 25.
42 European Commission, 2013. Energy Trends towards 2050. p. 25.
43 European Commission, 2015. Evaluating our future: The Role of Discount Rates, p.32.
44 Energistyrelsen, 2019. Samfundsøkonomisk beregningsforudsætninger for energipriser og emissioner, p. 15.
45 Data from Energistyrelsen, 2019. Samfundsøkonomisk beregningsforudsætninger for energipriser og emissioner, p. 15.
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FIGURE 6. AN ILLUSTRATION OF THE RAMSES MODEL. SOURCE: OWN ILLUSTRATION.
The RAMSES model is an hourly power market equilibrium model that
includes Northern Europe.46 The modelling in RAMSES is illustrated
in Figure 6. Several sectors and actors are represented in the model. Specifically, (1) the modelling is conducted as an operational optimisation;
(2) projected capacities are fed into RAMSES from external modelling
and manual estimates. Subject to various framework conditions (3), the
RAMSES modelling finds a market equilibrium (4) and outputs electricity prices, based on simulations of generators’ and consumers’ operation
and investment (5). The model thus does not optimise according to a
common social discount rate. Rather, it identifies the equilibrium of various sectors’ operational and investment decisions.47
The RAMSES model builds on various inputs. For fossil fuels, a weighted price between forward prices and the Stated Policies Scenario in the
IEA’s World Energy Outlook (WEO) is applied.48 Woodchip prices are
applied in the RAMSES model49 as well as directly in the CHP alternative to the Aalborg geothermal project. As the market for woodchips
is considered too small and illiquid to generate useful forward prices,50
the projected price is based on “raw biomass price from forest in the
exporting country, profit margin for the biomass producer, costs for
treatment, transport costs and costs for freight to a Danish harbour”.51
The raw woodchip prices are adapted to Danish numbers from the
Global Change Assessment Model (GCAM),52 which is a market equi-

librium model,53 similar to RAMSES and the World Energy Model
(WEM). Thus, GCAM does not optimize according to a global, social
discount rate,54 but represents different sectors and agents. Documentation is limited, but it appears that a fixed charge rate is set at 13% for
technology costs. This rate includes “depreciation, interest rate, taxes
and return on equity”.55
The IEA’s World Energy Outlook is based on WEM. The documentation indicates a similar approach to the one applied in RAMSES: a
market equilibrium model with no global, social discount rate, but an
aggregate output of private economic actions among simulated sectors.
The WACC (pre-tax, real terms) is overall assumed to be 7 percent/8
percent for non-OECD/OECD countries.56 However, there is some
deviation from this as noted in the model documentation: “Within
WEO-2020, more detailed financing cost analysis was performed for
utility-scale solar PV projects, shale companies, coal mining companies, and for economy-wide comparisons of advanced with emerging
market and developing economies. These assessments were derived
from country level data on risk-free rates, market risk premiums and
project/company-specific risk premiums obtained from Bloomberg,
Thomson Reuters and Damodaran Online, as well as sector-specific
sources and analysis”.57

46 Market equilibrium model’ here denotes a type of modelling that simulates market actions. This is in contrast to system/market ’optimisation’ models like the Balmorel model. See

Wiese, R. Bramstoft, H. Koduvere, A. Pizarro-Alonso Alonso, O. Balyk, J.G. Kirkerud, Å.G. Tveten, T.F. Bolkesjø, M. Münster, H. Ravn, Balmorel open source energy system model.

47 Personal dialogue with Mette Larsen, Danish Energy Agency, December 2020
48 Energistyrelsen, 2020b. Baggrundsnotat: Brændselspriser til fremskrivninger, p. 3.
49 Energistyrelsen, 2019. Samfundsøkonomisk beregningsforudsætninger for energipriser og emissioner, p. 15.
50 Energistyrelsen, 2020b. Baggrundsnotat: Brændselspriser til fremskrivninger, p. 3.
51 Own translation from Danish: Energistyrelsen, 2020a. Baggrundsnotat: Brændselspriser til fremskrivninger, p. 9.
52 https://ens.dk/sites/ens.dk/files/Analyser/analysis_of_biomass_prices_2013.06.18_-_final_report.pdf, p. 5.
53 Pacific Northwest National Laboratory, 2018. Overview of the Global Change Assessment Model (GCAM), p. 12.
54 Pacific Northwest National Laboratory, 2018. Overview of the Global Change Assessment Model (GCAM) and Joint Global Change Research Institute, 2020. GCAM Documentation p. 12.
55 Fraunhofer, 2018. Comparison of technology cost assumptions from MESSAGE and GCAM, p.8 and
Pacific Northwest National Laboratory, 2020. Improving the Representation of Investment Decisions in Integrated Assessment Models, p.3.

56 International Energy Agency, 2020. World Energy Model p. 37.
57 International Energy Agency, 2020. World Energy Model, p. 72.
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TABLE 4. WACC RATES APPLIED IN THE PRIMES MODEL
2019-prices
DKK/kg

Sector

SO2/SO4

NOx

PM2.5

SNAP 1
SNAP 2
SNAP 3

Larger combustion units, incl. waste incinerators
Combustion units in households etc.
Industrial combustion units

20
58
28

15
50
20

47
173
56

Note. From Danish Energy Agency (2019).58 SNAP: Selected Nomenclature for Air Pollution – an internationally standardised division of
sectors. Damage costs are presented as consumer costs and are thus not subject to multiplication by the net tax factor. Table is translated from
original Danish version. The numbers derive from the now obsolete Miljøøkonomiske beregningspriser for emissioner 2.059 from 2018,
superseded by a 2019 update.60

5.3. ENVIRONMENTAL DAMAGES
SO2, NOx and PM2.5 Table 4 are valued according to their marginal
damage costs within Danish borders.
Damage costs are calculated in the Economic Valuation of Air Pollution Model System (EVA). For the first 35 years, discounting is at 4
percent, then 3 percent for years 35-70 and then 2 percent for later
years. This is consistent with the general Danish socio-economic guidelines shown in Table 1.
Figure 7 summarises the cost of capital assumptions that are applied in
the pricing forecasts that are included in the socio-economic analysis
of the Aalborg geothermal district heating (DH) project and the woodchip CHP alternative. The variations in the financing assumptions
across the different models are clear.

5.4.
		

COSTS OF CAPITAL AND 		
THE FINANCIAL ANALYSIS OF
THE AALBORG GEOTHERMAL PLANT

There is one further place where costs of capital arise in the analysis
of the Aalborg geothermal plant. This is not in the socio-economic
analysis, and hence does not affect the relative social attractiveness of
the geothermal plant against the woodchip CHP plant. Instead, it lies
in the financial analysis that helps determine the price that Aalborg
Forsyning can charge to its customers for providing heating.
District heating companies are subject to regulation under the Danish
Heat Supply Act, in which pricing is subject to a principle of coverage

of necessary costs i.e. limited or no economic profits.61 Generally, projects are debt financed and the initial investment costs are recouped
through annuity payments passed on to the heat consumers. Further,
heat companies are allowed to charge their customers for expected future investments prior to operation, which reduces the need for equity
financing. In summary this implies that the borrowing rate is the dominant opportunity cost of capital.
The post-financial crisis debt markets have offered very cheap borrowing
rates. In addition, the majority of district heating companies have access
to favourable financing conditions through debt contracts guaranteed
by a union of municipalities. As of 2020, the municipal creditor Kommunekredit, which provides loans to the district heating sector, sets the
nominal rate of 20-year fixed rate nonconvertible loans at 0.43 percent.62
In principle, the cost of financing should not be included in socio-economic cost-benefit analyses as interest payments are not real resource
costs.63 However, a difference between the financial discount rate and
the social discount rate may lead to differences between the financial
and the socio-economic rankings of projects. In the geothermal project proposal, the financial NPV analysis employs a 3 percent effective
nominal borrowing rate, consisting of 2 percent interest to the lender
and 1 percent in guarantee provision to the municipality.64 If the
borrowing rate is identified as the relevant choice of discount rate, and
the inflation projections offered by the Danish Energy Agency are correct,65 the real financial discount rate is just above 1 percent for the
geothermal project. Using a low discount rate puts relatively less weight
on the costs of investment in the NPV compared to the cost of operation. Under current regulation, where municipalities must select the
project with the highest socio-economic value, the difference in discount
rates can force investments that are not optimal from the private economic

58 Energistyrelsen, 2019. Samfundsøkonomisk beregningsforudsætninger for energipriser og emissioner, p. 30.
59 National Center for Miljø og Energi, 2018. Miljøøkonomiske beregningspriser for emissioner.
60 National Center for Miljø og Energi, 2019. Miljøøkonomiske beregningspriser for emissioner, p. 9.
61 With the exception of equity capital from before 1. March 1981, the date where the break-even regulation came into effect. The rate of return has to be ‘reasonable’ and is subject to
approval by the Danish Utility Regulator.

62 Rate as of 1 April 2020 from Kommune Kredit, 2020. Takstberegninger.
63 Squire, L & van der Tak, H.G. (1975) Economic Analysis of Projects. The Johns Hopkins University Press, published for The World Bank, p. 20.
64 Cowi, 2019. Etablering af 100MW geotermisk anlæg – Projektforslag.
65 Energistyrelsen, 2019. Samfundsøkonomisk beregningsforudsætninger for energipriser og emissioner.
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FIGURE 7. DISCOUNTING AND COSTS OF CAPITAL FOR PRICING FORECASTS IN THE SOCIO-ECONOMIC ANALYSIS. SOURCE: OWN ILLUSTRATION.
perspective. This may create a problem, since the socio-economic cost-benefit analyses should rank projects identified and defined as relevant in part
based on the analysis of the business case.66
In its guidelines, the Danish Ministry of Finance argues that the socio-economic discount rate has to be higher than the current borrowing cost of funds, as it needs to account for macroeconomic externali-

ties, such as long term output losses due to economic instability caused
by overinvestment.67 It should be noted, however, that energy sector
investments that benefit the environment are often capital intensive
with lower operational costs, and the higher discount rate tends to favour incumbent fuel-based technologies.68

66 Energistyrelsen, 2018. Vejledning i samfundsøkonomiske analyser på energiområdet.
67 Finansministeriet, 2018. Den samfundsøkonomiske diskonteringsrente, p. 4.
68 e.g. Hirth, L., & Steckel, J.C. (2016) The role of capital costs in decarbonizing the electricity sector. Environmental Research Letters 11, 114010.
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6. DISCUSSION AND CONCLUSION
When choosing between different energy projects, appraisers are legally
required to select the one with the highest socio-economic value. This
socio-economic analysis requires the use of a discount rate to weigh
the costs that arise today against future benefits, and in the Danish
energy regulation context, the prescribed “headline” discount rate is
set at 4 percent real. However, because greenhouse gasses remain in
the atmosphere for many generations, Green Transition projects have
benefits that accrue over centuries. Furthermore, the Green Transition
projects tend to be very capital intensive. The socio-economic analysis
of such projects is therefore highly sensitive to this choice of discount
rate. If the rate is “too high”, this is likely to lead to the “false” rejection
of projects that will aid in the Green Transition. Energy regulation in
Denmark therefore has an obligation to be certain about the discount
rate that it applies in this context. It has also traditionally been outside
the realm of the regulator to ensure alignment between the socio-economic and private economic desirable outcome. A starting point for
the regulator, under the Green Transition, could be to explore whether
there is indeed discrepancy between these outcomes in submitted project proposals.
Our analysis has revealed that the socio-economic and financial analyses of the Aalborg geothermal plant and its alternative contain a number of different assumptions concerning discount rates, annuity rates
and costs of capital, some of which differ markedly from the “headline”
4 percent real rate. For each input, the different underlying models
incorporate relevant social, financial and commercial factors and reflect
these into the rates that they use. But some of the differences in rates
used are stark. Section 5.1 shows that the PRIMES model uses corporate weighted average costs of capital that are 8 percent real and higher,
while, in section 5.2, GCAM appears to be using rates of 13 percent.
By contrast, section 5.3 shows that the EVA model values environmental damages using the standard 4 percent social discount rate that is
also used in the socio-economic NPV calculation, while the financial
analysis in section 5.4 uses an annuity rate of close to 1 percent real.
While all the different choices are carefully considered, what we cannot
be confident about at this stage is their consistency. As described in
Section 4, different OECD countries reach very different conclusions
about how social discounting should be undertaken. Choices reflect
different views on: (i) the relative weight placed on normative and
positive considerations of social discounting, (ii) how discount rates
should vary depending on the maturity of the project, and (iii) the
treatment of systematic and other risks. The analysis undertaken within each country is very careful, but there are inconsistencies between
different countries. To our knowledge, Danish energy authorities do
not have any overarching economic, financial and ethical framework
that ensures that intertemporal welfare matters are consistently applied
in each of the different model inputs.
While it is particularly difficult to see why PRIMES and EVA use such
different rates when they are both considering environmental damages,
we should make it clear that using different rates in different contexts
does not necessarily imply that there are inconsistencies between models. There may be very good reasons why each applies a different social
rate, bond yield, or WACC. Our central observation is that, currently,

Danish energy authorities may not be in a position to reach a conclusion on this issue one way or the other because each input model has
been constructed independently of the others.
These issues potentially make a practical difference. While we do not
necessarily advocate this approach, suppose that Danish energy regulation required municipalities to apply social discount rates uniformly across all inputs to the socio-economic analysis. This policy choice
would generally make Green Transition projects appear more attractive
compared to their alternatives, given the long-term benefits that arise
from them, meaning that there would be more rapid progress towards
environmental targets. For example, a recent study of the Social Cost
of Carbon that aligns the DICE climate-economics model with UN
climate targets based on the use of risk-free social discount rates estimates a value of approximately USD100-200 per ton of CO2.69 This
range is substantially higher than the values described in Section 5.1
and, if applied by the Aalborg municipal council, would likely lead
to an even stronger case for the geothermal plant because of its lower
emissions. While this change of modelling assumption would not alter
the decision to invest in the geothermal plant in this instance, it might
in other circumstances lead to the acceptance of some Green Transition
projects that had previously been rejected in favour of the alternative.
This, in turn, will help the Danish government achieve its aim of cutting emissions by 70% before 2030.
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