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The energy efficiency first (EE1st) principle, embedded in the European Union's (EU) recast Energy Efficiency
Directive, aims to prioritise cost-effective energy efficiency solutions over new energy supply infrastructure.
These solutions encompass not only end-use energy efficiency, but also, notably, demand-side flexibility. This
research bridges the gap between the theoretical underpinnings of the principle and practical policy imple-
mentation. Drawing on market failure theory, it identifies an inherent bias in EU energy markets in favour of
energy supply infrastructure. By highlighting the correction of market failures — from externalities to transaction
costs — through targeted policy instruments, it presents a theoretical policy intervention logic for EE1st. Based on
this, it offers a set of twenty-nine established and emerging policy instruments linked to specific market failures,
thus providing a systematic roadmap for EE1st application. The study concludes that levelling the playing field
between energy efficiency and energy supply requires a broad policy response. This extends beyond traditional
energy efficiency policy of standards and public financing, and includes instruments such as electricity market

design, remuneration schemes for network operators, and emissions pricing.

1. Introduction
1.1. Context

As part of its ambition to become a climate neutral economy by 2050
[1], the European Union (EU) has recently adopted the recast Energy
Efficiency Directive (EED) [2]. A key new element of this recast is Article
3, which requires Member States to assess, monitor, and report on the
energy efficiency first (EElst) principle in their policy and energy
planning activities.

The EElst principle suggests that energy efficiency solutions,
including not only traditional end-use energy efficiency, but also
demand-side flexibility and efficient energy conversion in particular
(Fig. 1) [2,3], are often the most economical options for providing en-
ergy services and contributing to wider societal goals, such as decar-
bonisation. Consequently, it calls for prioritising these solutions over the
development of infrastructure for electricity, gas, and heat generation,
networks, and storage, whenever the result in greater net-benefits to
society. As such, the principle could contribute to a cost-efficient
decarbonisation of the EU economy [4], while also promoting

* Corresponding author.
E-mail address: tim.mandel@isi.fraunhofer.de (T. Mandel).

https://doi.org/10.1016/j.erss.2024.103613

economic growth, energy security, improved air quality, and other re-
ported multiple benefits or co-benefits [5,6].

1.2. State of research

Previous studies have explored both the politics [8,9] and the con-
ceptual foundations of the EE1st principle [7]. Other studies have used
energy systems modelling and cost-benefit analysis to demonstrate that
energy efficiency can often cost-effectively reduce energy supply infra-
structure needs in the EU's sustainable transition [10,11]. This line of
research tends to address the energy planning aspects of EE1st (Fig. 1): it
suggests that through robust cost-benefit analysis and public delibera-
tion, energy planners in areas such as local heating and cooling planning
[12] could identify energy efficiency solutions that are projected to
deliver the greatest net-benefits to society.

However, Article 3 of the EED is vague about how to proceed after
determining an optimal energy efficiency level in high-level energy
planning. Arguably, producers are unlikely to compromise their profits
by reducing supply for the greater public good, just as consumers are
unlikely to routinely adopt energy efficiency measures, as both largely
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follow private interests over societal ones [13]. Bridging these two
perspectives within EE1st essentially calls for public policy [14].

The EED's stance on appropriate EE1st policies remains unclear. In its
recommendation on EElst, the European Commission [15] outlines
sectoral policies, ranging from dynamic pricing in electricity markets to
financing schemes for building renovation. In the emerging EElst
research literature, Paté et al. [16] focus on electricity sector policies,
highlighting market access rules for demand response and remuneration
schemes for network operators to balance efficiency and supply solu-
tions. Rosenow and Cowart [4] discuss the EE1st principle in the UK,
identifying instruments such as building codes.

Two major gaps remain in the current literature. First, the defining
feature of policies for EE1st as opposed to traditional energy efficiency
policy is unclear. Numerous articles [17-21] and databases [22,23] have
brought together policy instruments to promote energy efficiency,
typically structured around (i) command and control (e.g. performance
standards), (ii) pricing (e.g. grants), and (iii) information instruments (e.
g. labels). Many of these instruments appear to be effective in terms of
both energy and cost savings [24], raising the question of the added
value of EE1st in the policy domain.

Second, relatedly, policy considerations for EE1st often lack firm
grounding in economic and political theory, resulting in an ambiguous
scope for action. Barriers to energy efficiency, as organised in numerous
studies [18,25-32], are occasionally given as the theoretical justification
for EE1st policy [4,33]. The barriers concept, however, tends to focus on
end-use energy efficiency, while demand-side flexibility and other
relevant energy efficiency solutions (Fig. 1) are organised in separate
frameworks [34,35]. Moreover, the barriers concept faces criticism for
analytical inaccuracies [36-41]. For example, frequently mentioned
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barriers such as high upfront costs or perceived risk (e.g. [31]) have
been identified as normal market characteristics that may not inherently
call for policy interventions [36,37,41-43].

In the context of EE1st policy, Mandel et al. [7] argue for market
failures as a potentially more consistent and nuanced concept. Market
failures are well established in economic theory [44,45] and, unlike
barriers, represent economic distortions rather than mere obstacles to
energy efficiency. The energy efficiency literature has recognised both
overlaps and differences between the two concepts [31,36,37]. How-
ever, in contrast to barriers, relatively few studies focus on genuine
market failures relevant to energy efficiency [31,46,47]. In particular, a
systematic and up-to-date account of the market failures associated with
the range of energy efficiency solutions under the EE1st principle
(Fig. 1), together with the status of relevant EU policy instruments to
address these market failures, is still lacking.

1.3. Objective

This research aims to bridge the gap between the theoretical foun-
dations of the EElst principle and its practical policy implementation.
Section 2 reviews the EE1st concept and explains how market failures
create an economic imbalance between energy efficiency and energy
supply. Section 3 classifies and describes policy instruments for applying
EE1st, linking them to individual market failures, and thus offering a
systematic roadmap for EE1st policy. Section 4 discusses the limitations
of market failure theory and the scope for complementary policies.
Finally, Section 5 summarises the main findings.

‘energy efficiency first' is a guiding principle for energy -related planning and policymaking that prioritises
—including not only end-use energy efficiency but also, notably, demand -side flexibility —over the expansion and
operation of energy supply infrastructure, provided these solutions result in greater net -benefits to society.

Outline

Energy efficiency solutions
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Efficient efficiency
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=  Planning: Effective integration and assessment of energy efficiency solutions across all planning levels, taking into
o account their multiple social, environmental, and economic impacts through rigorous cost -benefit analysis (e.g. in local
e . .
. Y . heating and cooling plans).
implementation
challenges =  Policymaking: Development of overarching policy instruments (e.g. pricing mechanisms) that match the energy -related

investment and operation decisions of consumers and producers to the cost -efficient energy efficiency levels identified
in energy planning.

Fig. 1. Conceptual overview of the energy efficiency first principle.
See [2,7] for definitions and detailed terminology discussions | HVAC: heating, ventilation, and air conditioning.
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2. Theory: well-functioning markets and market failures

Building on the foundational work presented in Mandel et al. [7],
this section presents insights from neoclassical, regulatory, behavioural,
and transaction cost economics to provide a theoretical framework for
the analysis of policy instruments in Section 3. Section 2.1 explains the
concept of well-functioning markets as a benchmark for EE1st. Section
2.2 outlines the related concept of market failure. Section 2.3 presents
market failures in different sectoral contexts.

2.1. Benchmark of well-functioning markets

The application of the EE1st principle can be straightforward in the
case of public ownership. For example, benevolent local authorities that
are shareholders in both local energy utilities and public housing could
identify the least-cost mix of solutions according to Fig. 1 and invest
accordingly [12].

However, the bulk of energy-related investment in the EU is privately
owned by generators, suppliers, and consumers. Network companies
vary in ownership — public, private, or mixed — and are all subject to
regulation by national regulatory authorities. Taken together, as char-
acterised by Golove and Eto [39], this constitutes ‘market(s) for energy
services’ in which, on the supply side, profit-driven producers deliver
energy and energy-using equipment. On the demand side, consumers in
households and businesses purchase energy and equipment, and make
choices between using and saving energy.

Theoretically, in well-functioning markets, self-interest-driven indi-
vidual actions collectively deliver economic efficiency [44,45]. Con-
sumers adopt privately cost-effective energy efficiency solutions, and
producers consider all technically viable options, including energy
efficient alternatives, to maximise their profits. Economic efficiency can
be understood as the normative benchmark for EElst as, in fact, the
principle does not unequivocally advocate for energy efficiency, but
promotes these solutions only to the extent that they contribute to so-
cietal net-benefits [7]."

2.2. Market failure rationale for public policy

Fig. 2 outlines the necessary conditions for well-functioning markets
[13,37]: (A) no externalities, (B) free market entry, (C) no market
power, (D) perfect information, (E) zero transaction costsz, and (F)
perfect rationality. These conditions are not met in the EU energy ser-
vices market, constituting market failures [7,50]. For example, in elec-
tricity markets, demand-side flexibility cannot compete on equal footing
with generation due to market entry restrictions [51]. Other market
failures include the significant transaction costs in building renovation
projects [52]. As a result, energy efficiency levels are economically
suboptimal, known as the energy efficiency gap [36,37,47].

Although all market failures represent barriers to energy efficiency,
not all barriers qualify as market failures [31,36,37,39]. For example,
high upfront costs for efficient technologies may hinder adoption
[29,53], but do not violate any conditions of well-functioning markets.

! “The principle does not mean that energy efficiency is always a preferred
option [...]”, but to “consider actions in energy efficiency [...] on an equal
footing with alternative actions to respond to a specific need or objective” [15].
Thus, EE1st acknowledges the criticism of economists [42,48] that promoting
energy efficiency per se is not a legitimate policy objective unless it contributes
to economic efficiency.

2 Transaction cost economics suggests that transaction costs are the root
cause of many market failures, such as externalities [49]. However, Fig. 2
separates these categories of market failure to distinguish areas where bargai-
ning solutions could realistically be promoted to reduce transaction costs (E),
and others (e.g. A) where transaction costs may be prohibitive, thus requiring
targeted instruments.
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Therefore, some economists contend that many barriers are normal
market characteristics and that addressing them through policy in-
struments would not improve economic efficiency [36,41,42]. Still,
properly construed, many barriers can be reframed as market failures.
For example, the barrier of hidden costs [31] largely aligns with the
market failure of transaction costs. Section 4 delves deeper into
addressing non-market failure barriers.

In mainstream economics, public policy is warranted when societal
benefits of tackling market failures outweigh implementation costs
[13,37,38,50]. Addressing each failure with specific policy instruments
aligns energy investments and system operation with the conditions of
well-functioning markets, a strategy known as first-best policy, linked to
the Tinbergen rule [47,54].% Consistent with the EE1st principle, the
outcome of addressing market failures is not necessarily the adoption of
energy efficiency, but the cost-efficient mix of solutions, whether energy
savings or supply. Therefore, Mandel et al. [7] refer to this strategy as
EE1st policies, rather than just energy efficiency policies [17-19,56].

2.3. Common market failures in the EU

The EU's energy services market exhibits numerous market failures.
Based on the categorisation in Fig. 2, the following Sections 2.3.1-2.3.6
illustrate how market failures affect the economic balance between
energy efficiency and supply, highlighting specific but non-exhaustive
sectoral examples.

2.3.1. Externdlity failures

Externalities are unintended side effects of an economic activity that
affect other parties not involved in the activity [44,50]. While the en-
ergy sector is dominated by the negative externalities of fossil fuels, such
as greenhouse gas emissions [57], there are also externalities from re-
newables, such as deforestation, water use and noise [58]. These un-
accounted costs create a systematic economic bias that diminishes the
cost-effectiveness of energy efficiency solutions [59], as their value is
tied to the underrepresented price of energy. Addressing this challenge
entails internalising these external costs to reflect the true societal price
of energy supply. Yet, according to Smith et al. [60], mechanisms such as
emissions trading schemes (ETS) and carbon taxes in the EU may have
internalised only an estimated 40 % of external costs from electricity and
heat supply, acknowledging the uncertainties in valuing non-market
costs.

A follow-on problem is the uneven pricing of negative externalities.
While the EU ETS leads to higher electricity prices as producers pass on
the cost of emission allowances to consumers, fossil fuels used in
buildings and transport (e.g. diesel) remain largely exempt from carbon
pricing in many Member States. This discourages the uptake of efficient
electrically powered solutions, particularly heat pumps [61].

2.3.2. Market access failures

Ease of market entry is key to fostering competition and innovation
in markets [44]. However, market design regulations can sometimes
prevent new entrants from participating. While these regulations are
often designed to ensure system reliability, they can inhibit competition
and slow the uptake of innovative energy efficiency solutions. Restricted
market entry is present in two major domains:

Electricity markets: The EE1st principle highlights that demand-side
flexibility is a system resource that can compete alongside traditional

3 Tinbergen [55] stated that addressing a certain number of market failures
requires an equal number of policy instruments. This means that each market
failure should be assigned a separate instrument to address it.
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No externalities

All costs related to
market exchanges

are borne
exclusively by the
participants of the
transaction or
internalised in
market prices.

Free market e
and exit

Producers and
consumers can
freely enter or
leave relevant
markets. There are
no barriers to entry
or exit.

Energy conversion
and related
infrastructures
impose external
costs on the
climate, human
health and
ecosystems that
are not adequately
reflected in market
prices.

Liberalised market
designs, while
fostering
competition,
inherently favour
large-scale
centralised
production in
electricity and heat
supply.

Unaccounted
external costs
diminish the
economic cost-
effectiveness of
energy efficiency
solutions, as their
value is tied to the

Energy efficiency
solutions (e.g.
demand-side
flexibility in
electricity markets),
cannot compete on
equal footing with
producers due to

No market power

No single firm can
influence prices.
For natural
monopolies,
regulation aims for
cost-efficient
operations and
innovation in the
public interest.

Network operators
prefer to invest in
capital-intensive
infrastructure (e.g.
substations) and
prioritise these
solutions over non-
wires alternatives
(e.g. demand
response).

Network operators
lack effective
regulatory
incentives to
consider energy
efficiency solutions
as alternatives to
network

Perfect
information

Participants in the
market are fully
informed of the
prices, quality, and
features of
products and
services. There are
no information
asymmetries.

Practical tendency for energy supply infrastructure

Producers use
established
business relations
and specialised
expertise to
continuously
gather and process
strategic
information, aiming
at efficient
operation and
profitability.

Practical tendency for energy efficiency solutions

Consumers gather
sporadic energy
efficiency
information and
face information
asymmetries (e.g.
in building
purchases),
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Zero transaction
costs

Market exchanges
are instantaneous.
There are no costs
associated with

searching for
information,
negotiating and
enforcing
agreements.

& |F

&

Perfect rationality

Market participants
are rational.
Consumers
diligently evaluate

all available
information to
maximise utility.
Producers seek to
maximise profits.

Producers, with
frequent large-
scale investments,
spread out
transaction costs,
using professional
expertise and

economies of scale.

Small-scale energy
efficiency solutions
face high search,
negotiation, and
enforcement costs
while dealing with
multiple
intermediaries.

market access infrastructure.

restrictions.

underrepresented
price of energy.

resulting in
suboptimal choices.

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESE Scopefor policyinstrumentstoaddresstheenergyefficiencyfirst principle EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE)

Market access
failures

Natural monopoly
failures

Externality failures

Transaction cost
failures

Information
failures

Fig. 2. Theoretical benchmark and practical policy scope for implementing the energy efficiency first principle.

Source: Authors' own, based on [7,37].

generation in electricity markets [7] (Fig. 1). Demand-side flexibility
can contribute in real-time to energy markets, provide ancillary services
for grid stability, and participate in capacity markets to ensure adequate
power availability during demand peaks [62]. However, despite its vast
potential?, demand-side flexibility faces regulatory discrimination,
including eligibility criteria, tendering rules, and product designs that

4 smartEn [63] estimate that, in 2030, full utilisation of demand-side flexi-

bility in the EU could result in annual savings of EUR 302 billion (48 %) in
electricity generation costs, excluding network charges and taxes, and achieve
an 8 % reduction in greenhouse gas emissions, compared to a scenario without
demand-side flexibility.

are not warranted on reliability or operational grounds [51,64].

District heating systems: Unlike electricity and gas, EU legislation
does not mandate unbundling for district heating, resulting in typically
integrated utilities. While heat networks are natural monopolies, this
does not apply to heat production [65]. Industrial excess heat and
renewable heat sources (solar, geothermal, etc.) have potential to sup-
ply, but market entry restrictions often impede their integration,
limiting competition and improved efficiencies in heat production
[66,671.

2.3.3. Natural monopoly failures
In the EU's unbundled market structure, networks operate as natural
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monopolies. To prevent monopolistic pricing and behaviour, they need
to be regulated [68,69]. The EElst principle recognises that network
capacity and reliability needs can be addressed using non-wires solu-
tions (NWS) [4]. These solutions can be more cost-effective and quicker
to deploy than traditional infrastructure investments such as power lines
or substations. Examples of NWS include temporary load shifting (de-
mand response), long-term load reduction (end-use energy efficiency),
distributed generation, and advanced grid technologies such as grid
management software and sensors [70,71].

To procure NWS, network operators could issue tenders specifically
seeking NWS to address identified grid constraints, contract third-party
aggregators to curtail their energy use during peak periods or, in
collaboration with retail energy providers, encourage the use of time-of-
use network tariffs to shift consumer energy usage. However, unlike in
the U.S. [70], NWS are not yet widely considered by EU network op-
erators [72], leaving untapped potential for cost savings and enhanced
grid reliability. This represents a form of regulatory failure [7,68], as the
remuneration regime designed by the regulatory authorities largely af-
fects the financial incentives of the regulated network operator to
consider NWS. °

The most common form of remuneration for electricity network
operators in EU Member States is revenue or price cap regulation [73],
which sets a cap on the tariffs the operator can charge. This incentivises
operators to reduce costs and improve productive efficiency, as they can
keep the profits they earn by operating below the cap [13,74]. Under
such regulation, operators typically undertake measures such as
reducing line losses and optimising workforce management to reduce
costs. However, traditional revenue cap regulation falls short in
providing adequate incentives for the adoption of innovative NWS,
which are designed to defer or replace more costly infrastructure up-
grades [62,71].

This market failure can be classified as X-inefficiency [50], indicating
that network operators do not produce at the lowest possible cost. It can
be attributed to misaligned regulatory incentives, including:

CAPEX bias: Regulatory regimes tend to favour capital expenditures
(CAPEX) over operating expenses (OPEX), incentivising infrastructure
investments over potentially more cost-effective NWS, which largely fall
under OPEX [62]. This bias arises because these two types of expenses
are often treated differently in terms of regulatory approval, cost re-
covery, and the application of revenue caps [73]. Additionally, only
CAPEX contributes to a network operator's regulatory asset base from
which it can earn a return on investment, while OPEX is, at best, merely
recovered [75].

Lack of dedicated incentives for NWS: Revenue cap regulation
strictly limits the tariffs operators can charge, without directly consid-
ering outcomes such as the smart grid deployment or service quality
[74]. Introducing performance metrics linked to financial rewards can
ensure that operators not only maintain short-term cost efficiency but
also meet desired operational benchmarks [76].

Difficulty in setting the revenue cap: Given the information asym-
metry between regulator and the network operator®, the challenge in
revenue cap regulation is to set the cap close to the company's efficient
average costs [74]. If set too high, consumers pay excessively, whereas if
set too low, it may limit the operator's ability to adapt its operations and
build the necessary institutional capacity to experiment with and inte-
grate NWS.

2.3.4. Information failures
Information on energy efficiency is generally asymmetric and

5 The underlying economic problem is information asymmetry in a principal-
agent context: the regulator (principal) is trying to ensure the regulated
network company (agent) operates efficiently and fairly, but the latter is pri-
marily motivated by its own profit objectives and has more information about
its operations than the regulator [13].
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incomplete [77]. While producers, such as power plant operators,
continuously gather information to make informed business decisions,
consumers have no such core business. They gather material on energy
efficiency ad hoc and have to reconcile often conflicting information,
resulting in suboptimal choices [31,78]. Of particular concern to econ-
omists is asymmetric information, where one party in a transaction has
more or better information than the other. Traditional market failures in
this domain include adverse selection and split incentives
[31,44,79,80]. In addition, the category of temporal information
asymmetry is proposed.

Adverse selection arises before a transaction occurs. One party has
information about the true characteristics of goods or themselves that
the other party cannot observe. As a result, the uninformed party makes
suboptimal choices that drive high-quality goods out of the market
[45].° Examples include:

Appliances: Manufacturers could label appliances as ‘energy effi-
cient’ without significant improvements. Consumers, unable to differ-
entiate, may become sceptical of all efficiency information, hindering
sales of genuinely efficient products [80].

Building energy performance: A seller may falsely claim that a
building has high energy performance, but buyers, cautious about po-
tential misinformation, reduce their willingness to pay, discouraging the
sale of genuinely high-efficiency buildings [38,79].

Capital markets: Financial institutions may lack essential informa-
tion on new, smaller-scale, demand-side resources [82]. Absence of
historical data can make these investments appear riskier than larger,
established projects such as network infrastructure. This information
asymmetry, combined with high transaction costs (Section 2.3.5), can
lead to higher, sometimes prohibitive, interest rates, particularly for
low-income households and small businesses [82-84].

Temporal information asymmetry occurs when one party in a trans-
action has better information about the time-based aspects of a product
or service than the other. Unlike adverse selection, which focuses on the
quality of goods, temporal information asymmetry emphasises the
importance of when a good is consumed or used. In particular, con-
sumers typically face time-invariant electricity prices, making them
unaware of the real-time marginal costs of electricity generation and
network operation [85]. If consumers face prices that are lower or
higher than marginal costs, they will overuse generation and network
capacity (peak times) and underuse variable renewables (off-peak),
respectively [7,47,86].

Split incentives arise when two parties in a transaction have con-
flicting incentives due to asymmetric information and high transaction
costs. This leads one party to not invest in beneficial actions because the
returns accrue to the other party, resulting in suboptimal outcomes for
both [31,87,88]:

Landlord-tenant problem: Landlords may avoid investing in energy
efficiency measures if the investment cannot be passed on to the tenant,
and vice versa, creating a misalignment between who pays for im-
provements and who benefits from energy savings [86,87].

Corporate energy management: Facility managers might disregard
energy efficiency measures if budgets and benefits are controlled by
separate departments [31,38].

2.3.5. Transaction cost failures

Transaction costs refer to costs associated with the exchange of goods
or services that are not included in the market prices of the products
[89,90]. They can be broadly categorised as (1) search or due diligence
costs (finding information); (2) negotiation costs (reaching an agree-
ment on terms); (3) enforcement costs (ensuring that the terms of the

© In contrast, moral hazard can arise after a transaction has taken place.
Although theoretically relevant [31], empirical evidence and contractual
mechanisms suggest that it is not a significant market failure for energy effi-
ciency [46,81].
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Table 2
Market access failures and corrective policy instruments.

Energy Research & Social Science 115 (2024) 103613

Market failure outline

Policy instrument

EU Implementation

Market Context Description Instrument D Effect Potential issues Status Legal refs Literature
failure refs
Restricted Electricity Market access Non- Bl  Removes undue Defining and Slow [107] Art. [16,51]
market markets rules discriminate discriminatory regulatory enforcing non- implementation of 6-8, 13,
entry against demand- market access for restrictions to enable discriminatory legal requirements 20-22;
side flexibility to demand-side market participation criteria; managing for equal market [112] Art.
compete on equal flexibility from demand-side grid stability with access. 3
footing with resources, both increased demand-
traditional individually and via side participation.
generation. aggregators, thus
improving
competition.
District Monopolies in Third-party B2  Enables multiple heat ~ System Inadequate legal [108] Art. [65-671
heating district heat access in district producers to share management provisions with 24;
systems production lead to heating systems network (maintaining various proposal
suboptimal infrastructure to supply/demand exemptions, [110]

outcomes in
innovation, fossil-
dependence,
prices, and overall
economic
efficiency.

deliver heat,
facilitating energy
efficiency solutions
(waste heat, heat
pumps, renewable
heat) and stimulating
producer
competition.

balance and
temperature levels);
setting and
enforcing quality
standards.

subject to revision.

appliance, households may consider the purchase price but overlook the
running energy costs [30,43].

Another well-documented behavioural failure is loss aversion, where
individuals tend to prefer avoiding losses to achieving gains, leading
them to undervalue long-term savings [26,43,47,100,101]. To illustrate,
people are more likely to purchase an energy-efficient appliance if told
they will incur higher running costs with an inefficient one, rather than
highlighting cost savings [98].

The status quo bias captures the inherent preference among con-
sumers to keep things the way they are, even if a change would be
beneficial. This can deter them from adopting more energy-efficient
technologies or behaviours [26,30]. For example, influenced by this
bias, consumers may stick with traditional flat-rate electricity tariffs and
resist switching to time-differentiated tariffs.

3. Practice: policy instruments for energy efficiency first

This section discusses policy instruments that can contribute to the
practical application of the EElst principle in the EU. Based on the
theoretical framework established above, these are understood as for-
malised measures adopted by governing bodies or regulatory authorities
to address specific market failures, intended to facilitate a level playing
field between energy efficiency and energy supply.

The instruments are categorised by market failure type (Fig. 2) and
detailed in Tables 1 to 6, highlighting their effects, challenges, and EU
legal status. In total, twenty-nine specific instruments are identified,
focusing primarily on energy efficiency solutions in the residential and
services sectors, with less emphasis on industry and transport. The
methodology for identifying these instruments combined deductive and
inductive processes, starting with derivation from the theoretical
framework and followed by extensive comparison with existing litera-
ture for comprehensiveness. This approach aimed to create a focused
narrative linked to the EE1st principle, rather than an exhaustive review.

3.1. Internalising external costs (externality failures)

To correct the market failure of negative externalities and thus
contribute to an economic balance between energy saving and energy
supply, externalities need to be internalised, i.e. added to the market
price [44] (Table 1). Two main instruments to price emissions are: the

ETS, which sets a cap for emissions with prices determined by the
market (ID Al), and the emissions tax, which sets the emissions price,
allowing economic agents to decide on quantities (ID A2).

The EU has operated an ETS I for large-scale industrial and power
generation units since 2005 [103]. As a move towards the EU's target of
reducing net greenhouse gas (GHG) emissions by 55 % by 2030 relative
to 1990 [1], the 2023 EU ETS Directive [104] not only reduces emission
allowances but also introduces a separate ETS II, effective from 2027,
covering road transport and building fuel use. To fully embody the EE1st
principle, internalisation should go beyond GHG emissions to include
other pollutants affecting air, water, and inducing noise [58]. However,
as discussed in Section 4, and contrary to neoclassical economics, pric-
ing externalities is certainly not sufficient to apply the EE1st principle.

A related need in pricing externalities is to balance emission allow-
ances and tax levels (ID A3) so that electricity, as an energy carrier with
inherent energy efficiency benefits, is appropriately priced relative to
carbon-intensive fuels. The forthcoming ETS II addresses some of these
imbalances in transport and buildings, as both electricity and fuels will
be subject to carbon pricing. However, potential biases remain as
Member States retain discretion over excise duties. The planned recast of
the 2003 Energy Taxation Directive [105] aims to tackle this by
removing outdated exemptions and adjusting taxes that favour fossil
fuels [106]. Aside from excise duties, removing distortions in value-
added tax (VAT) is crucial. Temporary reductions in VAT rates on en-
ergy carriers (e.g. natural gas) while leaving VAT on energy efficiency
measures (e.g. building retrofit) unchanged may deter investments in
such measures.

3.2. Enabling market access for energy efficiency solutions (market access
failures)

Free market access for energy efficiency solutions is essential to
stimulate competition and innovation. Table 2 lists relevant policy in-
struments. In electricity markets, non-discriminatory market access (ID
B1) should enable the participation of demand-side flexibility, from heat
pumps to electric vehicles and industry, so that these resources can
compete on equal footing with traditional generators for a cost-efficient
supply. The EU Electricity Market Regulation [107] has established clear
rules to ensure the participation of these flexible resources, both indi-
vidually and via aggregation (ID E3).
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Table 3
Natural monopoly failures and corrective policy instruments.

Energy Research & Social Science 115 (2024) 103613

Market failure outline Policy instrument

EU Implementation

Market failure Context Description Instrument ID Effect Potential issues Status Legal Literature
refs refs
X-inefficiency CAPEX bias Network operators TOTEX C1 By considering TOTEX, Complexity of rate cases Not explicitly [2] Art. [62,75]
choose expensive approach regulators can ensure and regulatory reviews;  mandated; 27;
capital projects even that network operators  risk of underinvestment limited [112]
when cheaper consider all solutions in infrastructure. experience Art. 32;
operational NWS exist (both capital-intensive across [107]
because the regulatory and operational) on an Member Art. 18
framework allows them equal footing. This can States.
to earn a return on the level the playing field
former. for NWS, which often
fall under OPEX.
Lack of Traditional revenue cap Performance- C2 When operators achieve Determining measurable Not explicitly [107] [76,111]
dedicated regulation incentivises  based regulation certain benchmarks (e.g. metrics; need for robust mandated; Art. 18
incentives  operators to reduce reduced peak load), they data verification; limited
for NWS costs (e.g. by reducing receive financial regulatory burden for experience
line losses), but lacks rewards, shifting focus  monitoring system; across
specific incentives for from capital-intensive potential network tariff =~ Member
adopting NWS to defer solutions to potentially  volatility for consumers.  States.
or substitute more cost-effective
infrastructure NWS.
investment. Mandatory C3 Requires operators to Biases or inconsistencies Robust legal [2] Art.  [62]
assessment of conduct feasibility in analyses; upfront costs provisions. 27;
NWS studies assessing for assessment. [112]
technical/financial Art. 32,
viability of NWS, and 51
documenting
assessments for
transparency and
accountability.
Difficulty in Regulators tend to set ~ Benchmarking ~ C4 Compares operator's Comparability across Not uniformly [2] Art. [13,74]
setting the  inadequate revenue (yardstick performance to similar ~ heterogeneous network  required, but  27;
revenue cap caps, either competition) firms. Reduces operators (e.g. scale, applied in [112]
constraining operators information asymmetry demand levels, several Art. 32;
(hindering innovative by revealing potential infrastructure age); data Member [107]
solutions) or allowing discrepancies in quality. States. Art. 18

excessive profits.

reported data, ensuring
more accurate cap
setting.

Yet, implementation is lagging behind. Balancing and wholesale
markets in many Member States maintain technical requirements
designed for large generators and not necessarily for actual system
needs. The most common market access restrictions are high minimum
bid sizes (demand capacities are typically smaller than fossil genera-
tion), restrictive duration requirements (batteries can bid for 4 h but not
for 6 or more) and complex verification/qualification protocols (de-
mand cannot be qualified as an aggregate) [51,64]. Aside from market
entry, full utilisation of demand-side flexibility also requires time-
differentiated tariffs (ID D6) and independent aggregators (ID E3).

In district heating systems, third-party access (ID B2) promotes the
integration of industrial excess heat as an energy efficiency solution
[67]. The Renewable Energy Directive [108] mandates Member States
to facilitate grid access when operators replace or expand existing ca-
pacity. However, the Directive contains numerous exemptions, allowing
incumbent generators to refuse feed-in requests [66]. As a result, third-
party access remains underdeveloped in many Member States [65,109].
A forthcoming revision of the Directive [110] proposes mandatory ac-
cess in systems >25 MWth, with access conditions determined by reg-
ulators, indicating a more structured push towards heat producer
competition.

3.3. Advancing non-wires solutions in network investment and operation
(natural monopoly failures)

NWS present a potentially cost-effective yet underutilised alternative
to traditional electricity network infrastructures in the EU. Table 3

reports on instruments to address the underlying monopoly failures. A
primary hindrance to widespread NWS adoption is the CAPEX bias in
established tariff regimes, which favours capital-intensive infrastructure
investments over operational solutions like NWS. The total expenditure
(TOTEX) approach (ID C1) integrates CAPEX and OPEX into one
expenditure category, aiming to provide balanced regulatory treatment
of all costs [62,75]. This can level the playing field for NWS, which often
fall under OPEX. While its application within EU Member States is
limited, countries such as the UK demonstrate its effective use in elec-
tricity distribution network regulation [75].

Another issue is the lack of dedicated incentives for NWS adoption.
Performance-based regulation (ID C2), which grants financial rewards
for achieving specific metrics to reach certain socially desired goals, can
potentially shift the focus away from conventional, capital-intensive
solutions [76,111]. An extrinsic incentive to promote NWS is to
mandate network operators to carry out feasibility studies (ID C3),
comparing the technical and financial viability of infrastructure with
NWS [62]. The Electricity Market Directive [112] requires the assess-
ment of NWS in distribution network development plans.

Setting the cap under revenue cap regulation is another challenge.
An incorrectly set cap can either constrain network operators, prevent-
ing innovative solutions like NWS, or allow excessive profits [13]. Here,
yardstick regulation (ID C4), which benchmarks a firm's performance
against comparable entities, provides a robust mechanism for cap setting
[13,74]. This not only fosters operational efficiency but also supports
the verification of metrics in performance-based regulation. Some
Member States, notably Germany and the Netherlands, have begun



Table 4

Information market failures and corrective policy instruments.

Market failure outline

Policy response

EU implementation

Market failure Context Description Instrument ID Effect Potential issues Status Legal refs Literature
refs
Adverse Appliances Sellers of energy-efficient Labelling D1 Provides standardised, credible  Cost of verification and 16 product groups [125] [19,130]
selection products have more information information about energy certification; potential require an energy
about product's efficiency than efficiency, aiding consumers in ~ misinterpretation by label.
buyers, leading to making informed purchases. consumers.
undervaluation of efficiency.
Building energy Sellers and builders of buildings Energy performance D2 Offers potential buyers or Cost of verification and Adopted in early [133,134] Art. [19,94,135]
performance have more information about certificates renters standardised, credible certification; potential 2000s. Must be issued 11-13
their energy performance than information about building's misinterpretation by buyers. for all buildings sold
potential buyers or tenants, energy efficiency, facilitating or rented.
skewing purchase decisions more informed decisions.
towards less efficient buildings.
Energy SMEs lack comprehensive data Energy audits D3 SMESs obtain detailed insights Costs associated with audits; Required for [2] Art. 11 [81,94,130]
performance of about own energy performance, into their energy consumption SMEs may not act on audit enterprises with
small and hindering both internal decision- and potential efficiency recommendations; variationsin  annual energy
medium-sized making and external interactions improvements, also signalling audit standards. consumption >85 TJ.
enterprises (SMEs) financial institutions. their commitment to energy
efficiency to investors.
Capital markets Financial institutions lack Standardisation D4 Standardised classification to Definition of universally Taxonomy Regulation [117] [136]
information to make informed framework for assess sustainability of accepted standards; potential implemented in 2020,
investment decisions, leading to sustainable finance investments. Could redirect for exclusion of certain gradual definition of
higher perceived risk and higher =~ (EU Taxonomy) capital towards efficient activities or misclassification. technical screening
borrowing costs for small-scale demand-side solutions criteria.
energy efficiency solutions. classified as sustainable.
Certification of green D5 Provides investors with Incredibility of certificates due Growing market, but Proposal [83]
bonds information to evaluate socio- to risk of greenwashing various certifications. [118]
environmental impact of unsustainable projects. Ongoing efforts for
investments, potentially uniform and robust
redirecting capital towards standards.
efficient demand-side
solutions.
Temporal Energy and Producers know real-time costs Time-differentiated D6 Facilitates demand-side Requires advanced metering Many design options, [107] Art. 11, [85,137]
information network pricing of delivering energy, while energy and network flexibility by reflecting devices; potential consumer mostly applied to 18; [2] Art. 27
asymmetry consumers operate on averaged-  pricing marginal supply costs, unawareness of benefits; weak wholesale tariffs, less

out tariffs, leading to
inefficiencies in consumption
and grid usage.

incentivising consumers to
shift electricity use, optimising
infrastructure utilisation and
investment.

price signals due to electricity
bill structure (ID A3).

so to network tariffs.

(continued on next page)
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Table 4 (continued)

Market failure outline

Policy response

EU implementation

Market failure ~ Context Description Instrument ID Effect Potential issues Status Legal refs Literature
refs
Split Landlord-tenant Landlords have little incentive to Rent acts and D7 Establish conditions for Determining permissible rent Several Member [2] Art. 22 [119,120]
incentives problem invest in energy efficiency condominium laws redistribution of investments increases; potential rent States working on
improvements when tenants pay and energy cost savings of an increases; burden on landlords revisions of rent acts.
energy bills, and vice versa. energy efficiency upgrade. to finance improvements.
Contractual D8 Voluntary counterpart to D7, Transaction costs for drafting Growing trend, n.a. [87,120]
approaches (green aligning interests of landlords and enforcing contracts. especially in (contractual
leases) and tenants through commercial in nature)
negotiation. properties.
Building renovation D9 Provides a step-by-step guide Cost of creating the passport Initiated in some Proposal [138]
passports to energy efficiency upgrades, and keeping it updated. Member States, [115] Art. 10
demonstrating potential net- envisaged under
benefits to both landlords and recast EPBD.
tenants.
Corporate energy Facility managers might not Mandatory energy D10  Requires unified approach to Implementation and Required for [2] Art. 11 [139]

management

consider energy efficiency if
budgets and benefits are
controlled by separate
departments.

management systems

energy management across
departments and ensures
continuous monitoring and
improvement.

maintenance cost; ensuring
training and competency.

enterprises with
annual energy
consumption >10 TJ.
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Table 5

Transaction cost failures and corrective policy instruments.

Energy Research & Social Science 115 (2024) 103613

Market failure outline

Policy response

EU implementation

Market Context Description Instrument D Effect Potential issues Status Legal Literature
failure refs refs
Transaction End-use Energy efficiency Energy service E1  Reduce transaction Difficulties in Mature ESCO [2] [53,121]
costs energy projects (e.g. building ~ companies costs by offering scaling; market, Art. 29
efficiency renovation) involve expertise, facilitating contractual particularly
investments significant financing, serving as a complexity. addressing
transaction cost in single point of contact, SMEs.
terms of searching and navigating
expertise, negotiating regulations.
contracts, and One-stop E2 Service providers Complexity in Small but [115] [53,122]
ensuring compliance. shops offering integrated providing growing Art.
building renovation comprehensive market. 15; [2]
and construction services. Art. 22
solutions, consolidating
tasks such as service
provider search,
negotiations,
implementation, and
post-project services.
Demand Small-scale resources Aggregators E3  Pool multiple small- Standardisation Legally [112] [16,64,95]
response (residential/ for demand scale resources, manage  issues related to recognised but Art.
services commercial) face response utilisation, facilitate data/technology limited 13,17
transaction costs enabling technology (e.  compatibility. deployment due
(information g. automated control to market entry
acquisition, systems), and handle restrictions (ID
regulatory financial settlement B1).
compliance, etc.), process.
hindering effective
participation in
electricity markets.
Capital Costs for due Warehousing E4 Financial institutions Default risk Used by - [83,123,124]
markets diligence, processing, & aggregate small-scale remains; still European
and monitoring deter  securitisation loans into larger contingent on Investment
investment in small- portfolios market demand for ~ Bank and state-
scale, dispersed (warehousing) and turn ~ green asset-backed owned
energy efficiency them into tradable securities. development
projects compared to financial assets banks.

large-scale supply-
side energy
infrastructures.

(securitisation).

integrating this approach [73].

Together, these features are key for setting effective NWS incentives,
as regulators have limited capacity to monitor every single network
development project and verify compliance with the EE1st principle
[113]. However, the instruments mentioned add complexity to tradi-
tional revenue cap regulation, requiring substantial technical expertise
and financial resources in national regulatory authorities [74]. More-
over, the promotion of NWS requires not only incentives for network
operators, but also the involvement of consumers through time-
differentiated network tariffs (ID D6), and the integration of aggre-
gators (ID E3) [62]. An actionable step might be introducing regulatory
sandboxes [114], allowing network operators to test and experiment
with NWS without tight regulatory constraints.

3.4. Overcoming information asymmetries (information failures)

Major information failures revolve around adverse selection, tem-
poral information asymmetry, and split incentives. Table 4 lists corre-
sponding policy instruments. Signalling instruments, such as labels (ID
D1) and energy performance certificates (ID D2), can address adverse
selection [19]. The proposed recast of the Energy Performance of
Buildings Directive (EPBD) [115,116] could enhance the stringency of
building certificates across Member States. Mandatory energy audits (ID
D3) enhance internal decision-making and signal commitment to energy
efficiency to investors [38].

Information asymmetries are also present in capital markets.
Financial institutions, lacking experience with the intricacies of energy

11

efficiency solutions, are heavily biased towards conventional large-scale
energy infrastructure projects [82-84]. The recent EU Taxonomy
Regulation [117] marks a positive shift (ID D4), potentially encouraging
investment in smaller, demand-side solutions. Meanwhile, the proposed
Green Bond Regulation [118] reflects a similar purpose (ID D5).

A continuing problem is time-invariant electricity and network
pricing, where tariffs, often averaged over several months, create in-
formation asymmetries between energy producers and consumers [86],
leading to underutilisation of demand-side flexibility [7]. While time-
differentiated tariffs (ID D6) have been strengthened in EU electricity
market legislation [107], they have mostly been applied to electricity
generation and less so to network tariffs [51].

Addressing split incentives, particularly the landlord-tenant problem
remains challenging due to its complex nature. Instruments such as
revised rent and condominium laws (ID D7) could enable effective re-
distributions of investments and energy cost. Voluntary approaches,
such as green leases (ID D8), offer flexibility in practical implementation
[87,119,120]. A notable addition to the proposed EPBD recast [115] are
building renovation passports (ID D9), providing a systematic guide to
energy efficiency improvements, potentially signalling the added value
of renovation to both landlords and tenants [116]. Regarding split in-
centives in firms and organisations, mandatory energy management
systems (ID D10) can help ensure continuous identification and moni-
toring of energy efficiency improvements.
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Table 6

Behavioural failures and corrective policy instruments.

EU Implementation

Policy instrument

Market failure outline

Literature

refs

Legal refs

Status

Potential issues

Effect

D

Instrument

Context  Description

Market
failure

[2] Art. 22; [98,126]

[125]

Varies by jurisdiction;
some mandates for

Risk of oversimplification;

Transforms complex data into

F1

Simplification and

framing of

People have limited cognitive

Bounded

potential misinterpretation by

consumers.

comprehensible formats, facilitating

informed decisions.

resources to process all available

rationality

information framing

information
Feedback

information, leading to simplified

decision-making.

[127]

[2] Art. 17-18;

Often voluntary, but

Might be ignored if too frequent

or not actionable.

Provides regular, structured

F2

[112] Art. 18

gaining popularity in
smart grids.

feedback on energy, enhancing user

awareness and response.

mechanisms

[128]

Generally voluntary,
trial applications in

Privacy concerns; might not be

motivational for all.

Demonstrates energy use in relation
to peers, motivating efficient

behaviours.

F3

Peer comparison and
social norms

some jurisdictions.

[98,101]

Can be perceived as Generally voluntary,

Emphasises potential losses from
non-action, making certain
behaviours more compelling.

F4

Loss-framed

Individuals tend to prefer avoiding

Loss

trial applications in

manipulative or cause undue

stress.

messages

losses to acquiring equivalent gains,
making them undervalue gradual

savings.

aversion

some jurisdictions.

[98,101]

[2] Art. 22

Generally voluntary,

Risk of demotivation if goals are

F5  Engages individuals or organisations

Commitment and
goal setting

trial applications in

not met; might be perceived as

burdensome.

by having them set targets, fostering

accountability and motivation.

some jurisdictions.
Some Ecodesign

programmes

[26,98]

e.g. [129] Art. 3
for dishwashers

Might be perceived as forceful or
limiting consumer autonomy.

Makes beneficial efficient choices the
default, e.g. through product

standards.

F6

Changes to the

Preference for maintaining current
state of affairs, even if change is

beneficial.

Status quo

mandates for efficient

default options.

default options

bias
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3.5. Promoting small-scale demand-side transactions (transaction cost
failures)

Transaction costs are true economic costs. As such, it may be pri-
vately optimal not to invest in energy efficiency if the transaction costs
are too high relative to the anticipated energy savings [31,43]. How-
ever, given the benchmark of well-functioning markets and societal
optimality, transaction costs provide a strong rationale for government
intervention [31,39,41]. Table 5 lists potential instruments.

To mitigate transaction costs associated with energy efficiency in
small and medium-sized enterprises, the promotion of energy service
companies (ESCOs) has proven effective (ID E1) [38]. ESCOs offer
contracting models, notably energy performance and energy supply
contracts, where they finance, design and implement energy efficiency
projects, then recoup their investments from the savings [121]. The
ESCO market in the EU has experienced robust growth [121], under-
scored by the EED's legal provisions for ESCO certification, monitoring,
and regulation [2].

A related instrument gaining traction is one-stop shops (ID E2),
which help to consolidate the design, material procurement, financing,
and implementation services for building renovation and construction
projects, thus reducing the transactional complexities of dealing with
different service providers. In the EU, one-stop shops are increasing in
number and activity, accounting for about 4-5 % of renovation projects
[122], supported by new [2] and planned [115] provisions.

In demand response programmes, aggregators (ID E3) consolidate
numerous small-scale resources, forming a larger, more reliable asset.
They reduce transaction costs for consumers through managing flexible
resources, supplying enabling technologies, and overseeing financial
settlements [95,96]. Although aggregators have legal recognition in the
EU [112], existing discriminatory market access rules (ID B1) result in
their limited deployment across several Member States [51,64].

In capital markets, high transaction costs often hinder small-scale
energy efficiency investments. Financial institutions can address this
by aggregating these loans into larger portfolios (warehousing) and
converting them into tradable assets (securitisation) such as bonds (ID
E4) [83,123]. This attracts large-scale institutional investors with
broader, more diversified opportunities. The European Investment Bank
and state-owned development banks have started using these mecha-
nisms [124].

3.6. Addressing cognitive biases in consumer decision-making
(behavioural failures)

Behavioural failures prevent households and firms from adopting
efficient and more flexible practices, highlighting the need for policy
interventions [24]. Typically, these instruments are integrated as non-
coercive motivational ‘nudges’ into information instruments (Section
3.4) [26,30,77]. While nudges are often highly cost-effective, the energy
savings they achieve tend to be modest [24]. Table 6 shows proven
behavioural instruments. The IEA and UsersTCP [98] provide additional
practical insights.

Addressing bounded rationality could involve simplification and
framing of information (ID F1) [98,100]. For example, the revised EU
product energy labels use the A to G scale [125], which consumers have
found easier to understand than the former A+++ to G scale [98,126].
Feedback mechanisms (ID F2), such as in-home displays linked to smart
meters, can address bounded rationality by providing normative energy
saving tips [98,101,127]. Peer comparison and social norms (ID F3) can
stimulate positive competitive efforts [98,128], such as through home
energy reports [99].

To address loss aversion, information can be restructured to
emphasise the losses of inefficient behaviour (ID F4) [26,101]. For
example, time-differentiated tariffs (ID D6) can be made more effective
for load-shifting by stating on in-home displays “Using your appliances
during peak hours could cost you €2 per week. Shift to off-peak hours to
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avoid unnecessary losses!” [98,101]. Commitment and goal-setting
programmes (ID F5) can leverage people's aversion to failing to meet
self-set or publicly declared goals [26,98,99,101]. For example,
combining goal setting and social norms, 1100 firms in the Netherlands
effectively committed to voluntary energy savings of 8 % over four years
[981.

Finally, addressing the status quo bias could involve changing
default options in favour of the efficient choice (ID F6) [26,98]. For
example, changing thermostats' default set point temperature can in-
crease energy efficiency in offices [98]. Another example is setting the
default programme for dishwashers to eco mode upon startup [129].
Both of these can be mandated through product standards.

4. Discussion: looking beyond market failure theory

Sections 2-3 argue that EE1st policies should address specific market
failures to level the economic balance between energy demand and
energy supply. This brings into focus traditional energy efficiency pol-
icies [17-19,56] that promote energy efficiency per se — in particular
standards, such as building codes, energy efficiency obligation schemes
(EEOS), and public financing instruments, such as grants and soft loans.
Noteworthy, standards target a market outcome rather than a specific
market failure [7,140]. Financing instruments are typically justified by
high upfront costs, lack of private capital, and perceived risk [53,94],
none of which represents deviations from the benchmark of well-
functioning markets (Fig. 2) and thus genuine market failures [88,131].

Beyond market failure theory, it is important to consider the prac-
tical constraints on policy implementation (Tables 1-6). For example,
negative externalities are unlikely to be completely eliminated by ‘first
best’ emissions pricing instruments due to factors such as the influence
of special interest groups, public opinion and misinformation, and
bureaucratic inefficiencies. This phenomenon, known as government
failure, results in more market failures than there are feasible policies to
address them [50,54]. This is further complicated by the second-best
theorem [54], which suggests that correcting only one market failure,
while others continue to exist, may not increase welfare at all.

Given these constraints, simulations suggest that mandating energy
efficiency through standards or savings obligations could result in
greater welfare than emissions pricing and other ‘first-best” policies
[141,142]. This justifies the EU's focus on building codes [116], product
standards [143], and EEOS [144]. However, to avoid these ‘second-best’
instruments creating welfare losses, their stringency needs to be accu-
rately calibrated to economically optimal levels of energy efficiency.
This requires accurate ex-ante valuation of variables such as external-
ities and multiple impacts, transaction costs, rebound effects, and mar-
ket heterogeneity — all of which are complex and uncertain
[13,47,59,94,130,145]. Therefore, while not shortcuts, these in-
struments are a logical complement to EE1st-targeted policies [7].

Another reason to look beyond market failure theory when
addressing the EE1st principle is that the theoretical benchmark of well-
functioning markets does not explicitly account for equity and resource
distribution in society [31]. For this reason, Ordonez et al. [131]
advocate the use of grants, rebates, tax credits, subsidised loans and
other public financing instruments targeted at low-income households
to alleviate energy poverty, regardless of whether these actions resolve
traditional market failures.

The challenge with financing instruments is to prevent free-riding
[26], where incentives for actions that would occur regardless may
render the instruments cost-ineffective for society [19,24]. Aligning
incentives with the EE1st principle also involves correcting public
financing imbalances between energy efficiency and supply, for example
by integrating energy saving auctions and renewable energy auctions
[94]. In sum, established instruments such as standards and public
financing, despite not addressing specific market failures, have a vital
role in the practical implementation of the EE1st principle.
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5. Conclusion

The research started from the premise that high-level energy plan-
ning alone is not sufficient to implement the EE1st principle, and argued
for public policy to align private energy investment and operation de-
cisions with societal interests. Section 2 provided a theoretical frame-
work of how the EElst principle can be addressed through policy
instruments. Based on market failure theory, the EU's energy services
market was shown to be inherently biased towards energy supply in-
frastructures over energy efficiency solutions, thus clearly disproving
any remaining sceptics of an energy efficiency gap [37].

The importance of addressing underlying market failures, such as
externalities or transaction costs, with targeted policy instruments was
highlighted. Rather than prescribing energy efficiency as a market
outcome, EE1st policies aim to level the playing field between energy
efficiency solutions and supply infrastructures. This theoretical lens thus
broadens the scope for EE1st policies by suggesting what might appear
to be supply-side policies, such as electricity market design, emissions
pricing, and remuneration regimes for network companies.

Section 3 presented a non-exhaustive list of twenty-nine policy in-
struments to address individual market failures:

Externality failures are well acknowledged, but require more stringent
internalisation of external costs, including a broader emissions and
sector scope for the EU ETS and related energy tax reforms.

Market access failures are legally recognised, but national imple-
mentation has proven inadequate. In electricity markets, in particular,
non-discriminatory market access is essential for demand-side flexibility
to compete on equal terms with traditional generation for cost-efficient
energy services.

Natural monopoly failures are an emerging area of research. Regulated
network companies need effective incentives to actively consider non-
wires solutions as alternatives to network infrastructure expansion.
National regulatory authorities are increasingly exploring innovative
instruments such as performance-based regulation, but consolidated
evidence is still lacking.

Information market failures are well addressed in some areas, such as
product labelling. Others remain challenging, such as the limited uptake
of time-differentiated energy and network tariffs to reduce information
asymmetries between energy producers and flexible consumers.

Transaction cost failures lead to significant hidden costs for energy
efficiency. Promising instruments include one-stop shops for building
renovations, aggregation of demand-side flexibility resources, and the
bundling of small-scale loans into larger portfolios for capital markets.

Behavioural failures are increasingly recognised in the research
literature, but not yet consciously incorporated into policy design. More
research is needed to empirically confirm many supposed behavioural
failures and to design targeted policy instruments to address them.

Section 4 discussed the limitations of market failure theory to inform
the application of the EE1st principle. Challenges include the political
economy and distributional concerns, highlighting the need for estab-
lished energy efficiency-only policies, such as EEOS or public financing,
that target a market outcome rather than specific market failures. The
inherent complexity of public policy requires continued empirical evi-
dence on policy outcomes, assessing cost-effectiveness, distributional
effects, and multiple benefits [24,59,130] as well as suitable instrument
mixes [146]. With the mandate of the recast EED, it remains to be seen
how Member States will implement and report on the application of the
EE1st principle in their upcoming national energy and climate progress
reports.
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