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Abstract: The Avoid-Shift-Improve framework has been used since its conception in the 1990s to help
decision-makers prioritize action towards environmental sustainability in the transport sector. The
core of the framework establishes a clear priority of action among the three main strategies that give it
its name, thus highlighting the prominent role transport demand reduction should have within policy
discussions. However, although its general formulation allows for a fruitful application to other
sectors, the approach and its definitions have rarely been extended beyond transport. In particular, the
energy sector could significantly benefit from an application of its methodology since the prioritization
of energy demand reduction over energy efficiency would be in line with an optimized path towards
decarbonization. This paper outlines a theoretical application of the A-5-I framework to the energy
sector that allows the categorization of energy policies in terms of Avoid, Shift, or Improve strategies.
Moreover, the paper presents an analysis of several energy policies databases to evaluate to what
extent policies are addressing energy demand reduction, shift to less-carbon-intensive energy sources
or energy efficiency. The results of the study show that most energy-related policies seem to support
improving efficiency in current technology (18-33% of policies, depending on the database that
is considered) and shifting towards low-carbon sources (28-48% of policies) more than reducing
or altogether avoiding energy demand in the first place (6-22% of policies). Further research is
recommended to strengthen the results, especially by evaluating the significance of each policy
in terms of committed investment, as well as to understand the main factors that contribute to
Avoid-type policies being under-represented in the energy sector.

Keywords: policies; energy savings; energy efficiency; energy reduction; avoid-shift-improve;
energy demand

1. Introduction

Tackling the environmental and social challenges that characterize global energy
systems requires prioritizing actions, which in turn means prioritizing investments. Since
economic resources are inherently limited, they must be properly managed and directed
toward the most efficient actions to achieve a given goal, such as reducing greenhouse gas
emissions from energy consumption [1].

This task is particularly difficult since energy demand is projected to increase: the
International Energy Agency (IEA) highlights that despite advancements in energy effi-
ciency and renewable energy technologies, the global demand for energy continues to
rise, and fossil fuel consumption has not yet peaked, posing significant challenges for
sustainability, in all scenarios (STEPS and APS). The STEPS (Stated Policies Scenario) in the
IEA’s World Energy Outlook 2022 reflects the impact of existing and announced energy
policies on future energy demand and emissions, projecting current trends and policy
settings to evaluate their sufficiency in achieving global climate goals and identifying gaps
for more ambitious actions. The APS (Announced Pledges Scenario) in the IEA’s World
Energy Outlook 2022 assesses the impact of all climate and energy pledges announced by
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governments, including long-term net-zero targets, projecting their effects on energy de-
mand, emissions, and the energy mix to evaluate progress towards achieving international
climate goals. This will hold true even if economic growth to 2030 should be slower than
previously projected, leading to lower levels of activity in all sectors and thus lower energy
demand growth [1,2].

In this context, a shared framework to prioritize investments in the energy sector
is paramount to ensuring that the ‘best” interventions—those that are most efficient in
achieving the target given a certain input of economic, human, technological, and political
resources—are funded and supported [3]. This requires a comprehensive approach that
integrates multiple dimensions of sustainability, including environmental impact, economic
viability, and social acceptance [4].

Several frameworks to assess the prioritization of investment and action have been
proposed in the past. Interested readers may refer to the Circular Economy Framework,
which focuses on minimizing waste and promoting the reuse, repair, refurbishment, and
recycling of products and materials [5,6]. This approach is critical in creating closed-loop
systems that reduce resource extraction and waste generation [7,8]. A life cycle approach is
often required to perform a comprehensive and coherent analysis of all the environmental
impacts [9], and potentially also other dimensions such as the social impacts [10].

Alternatively, Low-Carbon Development Strategies promote economic development
while reducing carbon emissions through technological innovation, policy measures, and
changes in energy infrastructure [11,12]. These strategies emphasize the importance of tran-
sitioning to a low-carbon economy through a combination of renewable energy adoption,
improvements in energy efficiency, and supportive policy frameworks [13,14].

This article focuses on demand-side actions for energy sector, providing new insights
into climate change mitigation strategies through discussing, in particular, the Avoid-
Shift-Improve (A-S-I) framework. The framework emphasizes a hierarchical approach to
sustainability, prioritizing actions that avoid resource consumption, shift to more sustain-
able alternatives, and improve the efficiency of existing resource use [15].

The A-5-1 framework was introduced in the early 1990s in Germany and first men-
tioned in 1994 in the report of the German Parliament’s Enquete Commission [16], and
it has recently been cited by the United Nations [17] as “a useful framework for assess-
ing transport measures and for taking action in support of sustainable passenger and
freight transport”.

The framework identifies three main ways or “pillars’ to increase the efficiency of the
use of any natural resource:

1.  Avoid: Encourage end users to reduce or altogether avoid the consumption of the
resource. This involves strategies such as promoting behavioral change, enhanc-
ing digitalization to reduce physical travel, and optimizing processes to eliminate
unnecessary resource use [18].

2. Shift: Promote the consumption of a more sustainable resource in place of the original,
less sustainable one. This could include transitioning from fossil fuels to renewable
energy sources, encouraging the use of public transportation over private vehicles,
and substituting carbon-intense products with alternatives [19].

3. Improve: Increase the output-to-input ratio for the consumption of the current re-
source or modify its origin to a more sustainable one. This encompasses technological
advancements, energy efficiency measures, and process optimizations to improve the
performance of existing systems [20].

The most important feature of the framework lies not in the classification and organi-
zation of the three pillars but in its explicit prioritization of actions among them: the three
pillars “are not created equal’; on the contrary, a specific hierarchy subordinates one to the
other. Specifically, the A-S-1 framework mandates [21-23] that the first priority should be
given to ‘Avoid” actions to modify consumers’ choices to avoid unnecessary and unwanted
consumption of the natural resource. Only when ‘avoiding’ is not feasible or acceptable
should ‘Shift” actions be undertaken to modify the nature of the resource consumed. Finally,
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as the last choice, when neither ‘avoiding’ nor ‘shifting’ is possible or sufficient, action
should be directed towards ‘Improve’ actions that increase the efficiency of the resource as
it currently is [22].

This prioritization mechanism is at the heart of the A-S-1 framework and is the focus
of the present research work. The paper aims to characterize global investments in the
energy sector in terms of the A-S-I framework’s three pillars, investigating whether the
A-S-1 prioritization is respected within the main energy policy frameworks that currently
guide worldwide action in the sector. The specific aims of the paper are thus as follows:

1. To propose a theoretical framework that links the A-S-1 framework to the energy
sector by proposing parallels about the application of the three pillars to the global
energy consumption and generation, thus enabling the use of the “‘Avoid’, ‘Shift’, and
‘Improve’ terms when describing energy policies;

2. To investigate whether current policies and investments in the energy sector respect
the priority of action proposed within the A-S-I framework and, if not, where the
main imbalances lie.

The methods and materials used for achieving these aims are as follows:

1.  The existing literature concerning both current and future energy policies as well
as the A-S-I framework, which have been used to elaborate the newly proposed
theoretical framework;

2. Several publicly available energy policy databases, that have been analyzed as case
studies of the application of the proposed framework to verify to what extent the
proposed prioritization of the A-S-1 framework is reflected in the policies that are
currently in place.

The theoretical framework that stems from the application of the A-S-I framework to
the energy sector represents a small but original contribution of this work. As mentioned,
the A-S-1 framework has been defined and applied mostly in the transport sector, although
some similar approaches have been used in other domains, such as the application of the
3R’s or the 5R’s approaches (Reduce, Reuse, Recycle, Refuse, and Repair, respectively) in
the waste management sector [24,25]. Also, its application to the transportation sector
has been linked to several potential outcomes which include the reduction in related en-
ergy consumption and carbon emissions, making it viable to effectively address energy
consumption in passenger transport [26] and freight transport [27]. At the same time, the
framework could also be applied to assess energy policies in sectors other than transporta-
tion. Specifically, at the theoretical level, the paper proposes a categorization of energy
policies type within the three A-S-I pillars of the framework, thus enabling a classification
that, to the authors’ best knowledge, has not yet been proposed. Of course, the proposed
categorization is prone to modifications and debate; in this regard, the paper’s desired
contribution is also the sparking of a discussion on the role, and, to an extent, the main
goal, of some energy policies. This aspect is presented in detail in the Discussion section of
the paper.

Moreover, the second contribution of the present paper is the practical application
of the proposed theoretical framework to the analyzed databases, which provide insights
into the broad direction in which energy policies (globally and at European level) are
moving. Such insights are guided by the prioritization proposed by the A-5-1 framework,
against which the analyzed data concerning current energy policies are weighted. This
comparison of ‘theory vs. practice’ can start providing useful indications to adapt or
correct the significance of energy policies to tackle the climate crisis. A recent work from
the Boston Consulting Group [28] has similarly applied the A-S-I framework to assess
whether the proposed theoretical prioritization is reflected into the Nationally Determined
Contributions (NDCs) under the Paris Agreement, even though the study is still limited to
the transport sector.

The paper is structured as follows: the A-S-I framework is discussed in Section 2,
comparing its definition and application to the transport sector with a proposed adaptation
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to the energy sector. A subsequent analysis of five relevant policy databases is presented
as a case study (Section 3), to evaluate to what extent existing policies address the three
pillars of the A-S-1 framework. This section presents a dedicated analysis of each database,
together with a final comparison of the most significant ones. A subsequent discussion
(Section 4) addresses the main points that emerge from the previous sections, which are
then synthesized in the conclusions of the analysis (Section 5).

2. Avoid-Shift-Improve Policy Framework
2.1. Original Framework in the Transport Sector

As anticipated, the A-5-I (Avoid-Shift-Improve) framework was conceptualized in
Germany in the early 1990s to address prioritization of efforts and investment in the
transport sector, but its general features have since been transferred to other sectors and
realms (usually accompanied by an adaption of the frameworks” nomenclature).

The three strategies identified by the framework largely correspond to three main
domains of action within the transport sector:

1.  The “Avoid” strategy encourages final users to reduce or avoid resource consump-
tion by addressing mobility demand directly. The demand-side management is
strictly linked to the socio-cultural domain of transport, which encompasses social
norms, culture, and individual choices. Key interventions in this realm include ur-
ban planning that promotes compact, mixed-use development, reducing the need
for long-distance travel and fostering transport hubs [29,30], as well as promoting
remote options such as remote working [31], online learning, e-commerce, and digital
administration [32,33].

2. The “Shift” strategy aims at changing people’s mobility habits from using polluting
and costly modes of transport, like private cars, to more sustainable options. The
focus of the strategy is thus on the ‘infrastructure” domain, as it promotes developing
an infrastructure that supports sustainable transport modes, such as public transit,
cycling, and walking. In fact, investment in high-quality public transit systems can
facilitate a shift from private car use to public transport [34]. Moreover, creating safe
and extensive cycling and walking networks encourages active transport, reducing
emissions [35,36].

3. The “improve” strategy is strictly linked with the ‘technology’ domain, as it focuses
on enhancing existing technological solutions to reduce emissions and increase energy
efficiency in the transport sector. This includes cleaner vehicle technology (such
as replacing internal combustion engine vehicles with electric vehicles (EVs), as
well as the integration of renewable energy sources for the power supply chain of
vehicles, which are both proven to reduce dependence on fossil fuels and to lower
emissions [37,38].

The A-S-1 framework has been widely used in the transport sector [39], with a range
of applications: defining policies, evaluating health and environmental co-benefits [40],
and assessing the performance of mobility and accessibility services [41], as well as for
transport optimization actions [42]. The framework has also been used in the literature to
quantify the economic cost of environmental impacts and compare the potential savings of
different measures [43]. It is important to remember that transport policies need to ensure
a variety of goals [44], not only reducing environmental impact and energy consumption
but also aiming at increasing accessibility [45] and reducing transport inequality and
social exclusion [46,47]. In this perspective, the A-S-I framework should be interpreted by
considering the different dimensions of transportation planning.

The principles of the A-S-I framework are also outlined in global and European
strategies aimed at making mobility more sustainable, transforming transport systems
for more sustainable societies, and creating pathways for decarbonizing the transport
sector [48,49].
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2.2. The A-S-I Framework for the Energy Sector

The energy system includes many sectors and stages of the supply chain, from the
production to the final consumption. As a result, policies and strategies at different levels
(local, national or international) may be focused on specific sectors and have different
objectives. It is of particular importance to ensure the coherence of planning at different
levels, such as at the national and local scales [50,51]. Most policies are currently aiming at
reducing fossil energy consumption to decrease GHG emissions, by pushing for low-carbon
alternatives such as renewable energy sources [52-54], and by supporting an increase in
the energy efficiency of the systems and processes under analysis [55,56]. Energy plans are
being developed at different scales [57], often with the support of energy system modeling
tools [58,59] and participatory methods to involve relevant stakeholders [60,61].

Given the goal of the paper to investigate whether the A-S-I prioritization is respected
within the energy sector, it is crucial to transfer the applicability of the framework from
the transport to the energy sector by proposing new ‘definitions” of the Avoid, Shift, and
Improve terms that can apply to energy consumption and generation:

1.  The “Avoid” pillar focuses on reducing the overall need for energy. This approach
looks at the global energy consumption landscape and identifies strategies that can
decrease energy needs through regulation and changes in human behavior [62,63].
This can be achieved through various strategies that target energy consumption at
its source. Conducting energy audits, as highlighted by the International Energy
Agency [64] and other scholars [65], can help to identify inefficiencies and opportuni-
ties for energy savings in residential [66], commercial [67], and industrial [68] facilities.
Demand-response programs nudge consumers to reduce energy usage during peak
periods, thus balancing supply and demand more effectively [69]. Additionally, en-
forcing improved building standards ensures that new constructions are designed to
be more energy efficient, thereby reducing their overall energy footprint [70,71].

2. The “Shift” pillar emphasizes changing energy sources or technologies to more sus-
tainable, less carbon-intensive alternatives. This involves increasing the integration
of renewable energy sources such as wind, solar, and biomass, which is crucial for
reducing reliance on fossil fuels [72]. This shift is often discussed for electricity
generation [73,74], but it is important to remember that the same logic applies to en-
ergy consumption for heat generation [75] and in the transport sector [76]. In addition,
switching final uses to electricity (for example, through the electrification of heating
systems by replacing fossil fuel-based heaters with electric heat pumps [77]) can sig-
nificantly increase the penetration of renewable sources and thus cut emissions [78,79].
Furthermore, promoting the use of green hydrogen, produced from renewable en-
ergy, for industrial processes and energy storage may provide a viable pathway to
decarbonize sectors that are hard to electrify, such as heavy industry [80,81].

3. The “improve” pillar aims to increase the efficiency of existing energy systems. Imple-
menting smart grid technologies improves the efficiency and reliability of electricity
distribution [82], allowing for better management of energy resources [83,84]. Ad-
vanced energy storage solutions optimize the use of renewable energy and enhance grid
stability [85]. Additionally, encouraging the adoption of high-efficiency appliances and
lighting systems can lead to significant reductions in energy consumption [86].

Energy consumption can thus be reduced in any specific sector with a combination
of the three strategies. For instance, considering buildings” heating, actions may include
the implementation of better insulation (Avoid), the installation of heat pumps or solar
collectors in substitution of fossil-fired boilers (Shift) or the choice of low-temperature
heating distribution and condensing boilers (Improve). Similar examples can be made
for other sectors, such as industry, transport and power generation. In fact, many actions
that are often grouped together as ‘energy efficiency’ may actually fall within different
pillars since the concept of energy efficiency include many different solutions [87,88]. In
this analysis a difference is proposed between actions that reduce the energy demand
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(Avoid)—such as buildings insulation—and actions that improve the energy conversion
efficiency (Improve), possibly also changing the energy source that is used (Shift).

An example of the strategies in the energy sector that can be classified into the A-S-1
framework is reported in Figure 1.

A-S-Iin the energy sector

Reduce energy Change energy Increase efficiency of
demand sources current source
* Improved building * Renewables * High efficiency appliances
standards * Other low-carbon * Smart grids
* Behavioural change technologies (Nuclear, CCS) ||+ Efficient conversion
* Energy audits * Electrification (e.g. heat technologies (e.g. LEDs,
* Remote working pumps, electric vehicles) condensing boilers)

Figure 1. Classification of strategies in the energy sector within the A-S-I framework with some
relevant examples.

Again, it is important to highlight that sometimes, this classification may be rigid for
some actions: a heat pump (HP) has better energy conversion efficiency than a fossil boiler,
so although it is classified as a “Shift” measure, it could also be considered an “Improve”
measure. Therefore, the proposed classification can have a margin of uncertainty, and
some policies may address two (or three) different pillars. For instance, “Shift” measures
include any solution that changes the energy source that is consumed, such as the electricity
production from renewable sources instead of fossil fuels, or the electrification of buildings
and transport via heat pumps or electric vehicles respectively. Conversely, “improve”
measures include the better use of an existing technology, such as condensing boilers
instead of traditional boilers in households [89] or industries [90], and the deployment of
efficient lighting systems in buildings [91].

Finally, a shift towards electrification may not actually change the primary energy that
is used: substituting a natural gas boiler with a HP in a country where electricity is mostly
produced from natural gas may produce very little change. However, this is an additional
layer of complexity that has not been considered in this analysis, even though it is possible
that other scholars may propose different interpretations and classifications.

3. Case Studies

As anticipated, after proposing a definition of the A-S-I framework that can be applied
to the energy sector, several publicly available policy databases have been analyzed as case
studies to understand to what extent the existing policies can be classified in accordance
with the discussed framework, and assess to what extent each pillar of the framework is
reflected in the policies that are currently in place.

Five different public databases that summarize the main features of policies in the
energy sector have been analyzed. The main features of the databases are reported in Table 1.
The policies will be analyzed by classifying them based on the available information in each
dataset, to assess the prominence of Avoid, Shift, and Improve actions in existing policies.

The depth of information available in each database varies, thus making it difficult to
present a comprehensive comparison. For this reason, each database is here described in a
dedicated section, and a final comparison will summarize the results for each case.
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Table 1. Main features of the policy databases considered in this paper.
Database Coverage  N. of Countries N. of Policies Policy Start Year
IEA World N.A. 8065 1948-2030
Climate Policy World 198 6273 1979-2026
Energy Policy Tracker ~World 37 2000 2019-2025
EEA Europe 30 3341 1930-2036
MURE Europe 39 1979 1934-2040

3.1. IEA’s Policy Database

The IEA has a database of all world’s country policies [92] that includes more than
8000 policies, and it is probably the largest available collection of energy policies. However,
it currently cannot be exported for further analysis and can only be consulted online, but
a wider version of the database is expected to be made available in the future for further
analysis. Given this current limitation, only a general description of some features can
be presented.

The database includes a total of 8065 policies, including 6385 that are currently in force,
1510 that are no longer in force, and the remaining 170 that are either planned or have been
announced. The majority of policies are developed at the national level (7008), in addition
to a group of international policies (359) and others are developed at the provincial (575)
or municipal (105) level. The policies are classified considering a number of dimensions,
including the sector, the policy type, the topic, and the technology that are considered. The
web interface allows to visualize the first ten categories by the number of policies for each
dimension, and the user can also manually search for other categories. For this reason, only
a general description of the most frequent categories can be presented. The most recurrent
policy types include payments, finance and taxation (2900), regulation (2544), payments
and transfers (2028), targets, plans and framework legislation (1595) and grants (1368).

The dimension that can provide some insights within the proposed A-S-I perspective
is the classification by topic. The most frequent topics are associated to energy efficiency
(which account for almost half of the recorded policies, 3668) and energy generation
technologies. A manual analysis of energy efficiency policies suggests that this category
also includes policies related to energy savings and energy reduction, although it is not
possible to assess their relevance in quantitative terms without analyzing in detail every
single record. Other important topics that are relevant for this discussion include renewable
energy (2963 policies), technology R&D and innovation (722), electrification (294) and
energy poverty (264). Unfortunately, through the online interface, which is currently the
only publicly available option, it is not possible to perform additional analyses such as
aggregating and classifying policies.

3.2. Climate Policy Database

The Climate Policy Database [93] is published and maintained by the NewClimate
Institute for Climate Policy and Global Sustainability, with support from Wageningen
University and PBL Netherlands Environmental Assessment Agency. It includes a collec-
tion of climate mitigation policies, which is periodically updated. Planned policies are
excluded from the database, with the exception of energy and emission targets announced
as Intended Nationally Determined Contributions (INDCs) for the post-2020 period.

The current version of the database includes a total of 6273 policies that address
climate change, of which 4597 are currently active (labeled as “In force” in the database).
More than 95% of the policies are developed at the national level, while the remaining
policies are focused on sub-national levels (regions or cities). The database includes many
details for each policy, as well as some useful classifications that can help to evaluate the
characteristics of the policies, among which the main are the following (the number in
bracket indicates the number of unique categories within each classification):
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e Policy instrument (71 categories): the policy schemes that are applied (e.g., GHG
reduction target, monitoring, and voluntary approaches);

¢ Sector (33): the final sectors that are covered by each policy;

e Policy type (5): the type of actions that are included in the policy (e.g., energy efficiency
and renewables);

¢  Policy status (7): whether a policy is currently in force or not;

*  Policy objective (9): the aim of the policy (e.g., mitigation and air pollution).

It must be remarked that in many cases, a single policy is associated with multiple
categories, and for this reason, a policy focusing on a single category might in principle be
more relevant compared to a multiple-category policy.

An analysis of the policies by type is reported in Table 2. The types of policies have
been classified in accordance with the A-S-I framework described in the previous section,
considering “Energy service demand reduction and resource efficiency” to be Avoid policies,
“Renewables” and “Other low-carbon technologies and fuel switch” to be Shift policies,
and “Energy efficiency” to be Improve policies.

More than half of the total policies (57%) are measures of a single type, while the
remaining 43% addresses multiple measures simultaneously. When considering Improve
or Shift policies, about one third of them (35% and 30%, respectively) are policies only
focused on that pillar. This figure decreases to 9% for Avoid policies, meaning that very
few policies are specifically focused on energy demand reduction, while these measures
are often promoted together with other types of policies.

Table 2. Climate policy database—policies by type.

. .. Active Single-Type
Type of Policy Category Policies Policies Policies
Energy efficiency Improve 3374 2390 1171
Renewables Shift 3362 2309 1269
Other low-carbon
technologies and fuel switch Shift 2329 1683 438
Energy service demand
reduction and resource efficiency Avoid 2276 1713 201
Nonenergy use - 2092 1591 361
Unknown - 303 200 135

3.3. Energy Policy Tracker Database

The Energy Policy Tracker database [94] includes policy and measures that were
related to COVID-19 recovery, thus limited to the 2020-2021 years. A new database on
future energy policies is expected to be launched in the future.

The database includes 2000 policies across 38 countries, although with significant
differences between countries with many policies (Spain and Canada with 321 and 294 poli-
cies, respectively) and with few policies (Vietnam: 2, Bangladesh: 3, Peru and Nigeria: 6).
Moreover, half of all policies are regarding only five countries (Spain, Canada, United
States, the United Kingdom, and India). Records include policies developed at national,
regional or municipal level.

The main classifications are the following, where the number in bracket indicates the
number of unique categories within each classification:

* Policy category (5): classification considering clean vs. fossil and conditional vs.
unconditional policies;

*  Sector (6): the final sectors that are covered by each policy;

*  Mechanism (15): the type of mechanism that supports the policy (e.g., fossil fuel
subsidy reform, loan, tax or royalty);

*  Energy type (22): the energy source or carrier that is addressed by the policy;

e  Stage (10): the energy stage that is addressed (e.g., electricity generation, distribution,
and energy efficiency);
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e  Economic values committed and disbursed by the policies (both in local currencies
and USD).

Additional information include the name of the policy, the objectives, the background
and links to sources.

An analysis of the database allows to draw some general conclusions on the policies
that are included. Most of the policies are classified as addressing clean energy (with
595 unconditional policies and 524 conditional policies), although a significant number
are also related to fossil fuels (443 unconditional and 163 conditional). The sectors that are
mostly addressed are mobility (676), power generation (511), and buildings (197), although
319 policies address multiple sectors at the same time.

Unfortunately, a clear classification of policy types through the A-S-I framework
discussed in the previous section is not possible, given the lack of an explicit classification
of the policy objectives. Nevertheless, some information is available to classify the policies
by stage of application as reported in Table 3.

Table 3. Energy Policy Tracker database—number of policies and expenditure by stage.

Stage Policies Committed Disbursed
(Billion USD) (Billion USD)
Final energy use 765 615.8 15.5
Several energy stages 274 259.7 0.0
Electricity generation 263 108.0 2.7
Production, processing, transportation 256 123.9 2.3
Energy efficiency 199 41.9 0.0
Others 243 94.0 2.2
Total 2000 1243.2 22.7

The figures presented in Table 3 show a worldwide total commitment of USD 1.24
trillion, although only USD 22 billion (1.77%) are recorded as being actually disbursed.
Most policies (and expenditure) address the final energy use, which includes different
sectors (households, mobility, buildings, etc.). However, most of these policies (76% of
policies and 92% of committed expenditure) are focused on the mobility sector, reflecting
the importance of these actions as a reaction to the effects of the COVID-19 pandemic. The
policies included in this database are therefore mostly short-term ones, sparked by the
immediate interest in mobility due to the COVID-19 pandemic; they may thus not always
be aligned with those described in the other considered cases, which include medium- and
long-term policies as well.

3.4. EEA Database

The European Environment Agency published a database [95] that contains a number
of policies and measures implemented, adopted or planned by European countries to
achieve climate and energy targets, such as reducing GHG emissions, producing additional
renewable energy, or reducing overall energy consumption. The policies and measures
included in the database are based on the integrated national energy and climate plans,
and they were reported in 2023 by European countries under the Governance of the
Energy Union and Climate Action Regulation and its two Implementing Regulations (EU)
2020/1208 and (EU) 2022 /2299.

The database includes several columns, a significant number of which unfortunately
reports many empty records (a total of 81% of the cells in the database are empty). This is
due to the fact that many indicators are defined, but they may not be relevant for every
policy or there may not be enough information to record them. For this reason, many
indicators cannot be properly compared across policies and measures.

A useful indicator is the collection of sector objectives for each of the policies that are
included in the database. Around half of the policies (1483) have a single objective, while
723, 406, and 182 policies have 2, 3, or 4 objectives, respectively (316 policies have more
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than four objectives, and for 231 policies, no information is available about their objectives).
The main sector objectives per number of occurrences are reported in Table 4.

Table 4. European Environment Agency database—main sector objectives per number of occurrences.

Single-Type

Sector Objective Policies Polici
olicies
Energy consumption Efficiency improvements of buildings 571 219
Energy supply Renewable energy (electricity) 478 151
Transport Low carbon fuels 279 73
Energy consumption Demand management/reduction 255 48
Energy consumption Efficiency improvement in services 252 10
Energy supply Renewable energy (heating/cooling) 240 20
Transport Modal shift to public or active transport 224 65
Energy consumption Efficiency improvement in industry 216 30
Transport Efficiency improvements of vehicles 206 54
Energy supply Switch to less carbon-intensive fuels 200 34
Transport Electric road transport 192 32
Energy consumption Efficiency improvement of appliances 184 37
Transport Demand management/reduction 149 30
Transport Improved transport infrastructure 140 27
Energy supply Efficiency improvement 138 17

Data confirm the relevance granted to the topic of energy efficiency in buildings
(571 policies) as well as in other sectors: services (252), industry (216), vehicles (206), and
appliances (206). The energy supply sector in general (138 policies), which includes energy
production and transformation, figures prominently within the database.

The shift to other forms of energy includes the improvement in renewable energy
sources in electricity production (478) and heating and cooling (240), as well as the shift to
low-carbon fuels in transport (279) and energy supply (200), or the electrification of road
transport (192).

Finally, demand management and reduction is mentioned in 255 policies considering
energy consumption in final uses, and in 149 policies considering transport. In this sector,
224 policies are also focusing on the modal shift towards public or active transport modes,
and 140 policies on improving the transport infrastructure.

Summarizing these figures by type of policy, considering the A-S-1 framework pre-
sented in the previous section and extending the analysis to all the 76 different policy objec-
tives (instead of the main 15 presented in the previous table) leads to the following results:

* ’‘Avoid’ measures appear in 1341 policies, of which 376 are single-objective policies
(including the energy efficiency improvement in buildings);

e ’Shift’ measures, including the increase in renewables and the shift towards low-
carbon fuels and other transport modes, appear in 2056 policies, of which 469 are
single-objective policies;

¢ ‘Improve’ measures, considering efficiency improvements across different sectors,
appear in 2232 policies, including 305 single-objective policies.

These figures give a preliminary estimation of the effort across the three types of
policies, or strategies, although the number of policies alone is not a sufficient indicator
neither of the actual effort put on those measures nor of the level of ambition of the policies
compared to what should be required. Nevertheless, these results suggest that under
the proposed classification, measures aiming at reducing the energy demand appear less
frequently than measures aiming at growing the penetration of renewables or increasing
energy efficiency.

3.5. MURE Database

The Mesures d’Utilisation Rationnelle de I'Energie (MURE) database [96] collects
multiple energy efficiency measures in the European Union (plus Norway, Switzerland,
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the UK, and Energy Community Contracting Parties [97]). The database includes policies
and measures at the national level and at the EU level, focusing on energy efficiency in the
end-use sectors for households, industry, transport, and services. For this reason, the focus
is narrower than in the cases presented above, and the results of the analysis should then
be interpreted accordingly.

The database includes 1978 policies, with information on sector, country, and mea-
sure type, among others. Policies are divided across four sectors: transport (455 policies),
households (462), services (406), and industry (229). Moreover, 426 policies concern general
cross-cutting solutions that are not addressing a specific sector. The distribution across
countries is quite variable, with seven countries concerned by less than 10 policies each
and three countries concerned by more than 100 policies each. Policies are also classi-
fied based on the type of measure (each policy can include multiple measures, although
86% of the policies are single measure). The most frequent measures are financial sup-
port (appearing in 502 policies), mandatory standards (425), general program (339), and
information/training (220).

The database also includes a field with the title of the policy and another with a short
description of the policy. Unfortunately, there is no other classification that could help in
further evaluating the policy actions. An analysis of the frequency of words appearing
in both the titles and descriptions of the policies has been tried, but has not led to a clear
support of the aim of the paper. Many words appear quite frequently, such as “efficiency”
(328 occurrences in the policy titles and 474 in the descriptions) or “renewable” (147 and 81),
but such information alone is not sufficient for any reasonable and reliable classification.
Furthermore, as already mentioned, this database includes energy efficiency measures only,
thus rendering any comparison with the previously presented case studies less meaningful.

3.6. Comparison

As previously discussed, a complete comparison across databases is not possible, as
they include different information and classification fields. Nevertheless, a preliminary
classification according to the proposed A-S-1 framework has been performed for the Cli-
mate Policy and EEA databases. This preliminary classification, presented in the previous
sections for the single database, is reported in Figure 2 to allow for the comparison across
the CP and EEA databases.

In both databases, the policies that are classified as “Avoid” represent a limited share
of the total, 17% and 19% for the CP and EEA databases, respectively. Most of the policies
in the CP database are classified as Shift policies (41%), followed by Improve (25%). The
EEA database is different since the majority of policies are classified as Improve, although
the gap between the two categorization is narrower (31% Improve and 28% Shift).

Distribution of policies per type

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

CP database e 5691 3374 2395
(17%) (41%) (25%) (17%)
EEA database 1341 2056 2232 1590
(19%) (28%) (31%) (22%)

B Avoid MShift BImprove OOthers

Figure 2. Comparison of the classification of energy policies in an A-S-I framework for the CP and
EEA databases (all policies).
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The preliminary conclusion drawn from the proposed comparison is that the policies
aiming at the Avoid measures are a limited share of the total in both databases. However,
as already mentioned, this fact alone does not provide sufficient information neither on
the actual effect of those policies nor on their relevance and magnitude. For this reason,
additional information would be required to properly assess the role of each policy type.
At the same time, the results of the proposed analysis can provide a preliminary evaluation
of the weight of each policy type.

An additional focus is presented by limiting the analysis to single-type policies as
reported in Figure 3. In this case, Avoid policies represent an even lower share for the CP
database (6%), while they account for a higher number of policies in the EEA database
(22%) with respect to the previous analysis which includes multiple-type policies. In the
case of the EEA database, it is important to remark that most of the single-type Avoid
policies (219 on a total of 376) are related to energy efficiency improvements in buildings.
Nonetheless, it must be noted that Avoid policies still represent a minority within both
databases, notwithstanding the limitation of the previously discussed analysis.

Distribution of single-type policies per type

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

201 1171 496
(6%) (33%) (14%)

CP database

469 550
(28%) (32%)

EEA database

B Avoid MShift BImprove OOthers

Figure 3. Comparison of the classification of energy policies in an A-S-1 framework for the CP and
EEA databases (single-type policies only). Percentages may not total 100 due to rounding.

4. Discussion

The results from the proposed analysis suggest that the Avoid-type policies represent,
at least in numerical terms, a small portion of all existing decarbonization policies within
the energy sector. This is a relevant result since the A-S-1 framework indicates a clear
priority of action: the Avoid-type actions should be considered of primary importance,
with Shift-type actions in ‘second place” and Improve-type actions in ‘third place’. The
results, therefore, seem to show that the proposed policies contradict such a prioritization
scheme, as the prioritized policies appear to be the ones pertaining to the Shift and Improve
strategies, and by some margin. This result holds true when considering both multiple-type
policies, which are policies where a mix of two or three of the A-S-1 strategies are addressed,
and single-type policies which only pertain to one of the three strategies.

On one hand, as already pointed out, the collected information in each of the analyzed
database does not allow to fully analyze the relevance of each policy, thus leaving the
possibility open that the few Avoid-type policies still represent the largest interest and
investment within the sector when compared to the larger but less significant Shift- and
Improve-type policies. The improvement in existing databases might allow further, deeper
analysis to at least partially clarify this aspect.

On the other hand, the result derived from the analysis provides a preliminary indica-
tion of a clear direction of prioritization that does not match the one proposed within the
A-5-1 framework. This, in turn, points at a potential mismatch between the ‘theory” and
‘practice’ of policy-making and investment that might hint at inefficiencies in resource allo-
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cation and, ultimately, a higher risk of not achieving the given target of the decarbonization
of society, or at a higher cost than what would theoretically be possible.

An important remark is that such a result, here devised for the energy sector, might
also be shared across economic sectors where the same or similar theoretical approaches
have been proposed, such as the transport sector or the waste-management industry, for
example. In that sense, there might be a structural difficulty in proposing and financing
Avoid-type policies per se.In fact, a difficult but fundamental question that should be
answered with further research, at least pertaining the energy sector but possibly extending
to other sectors such as the ones just mentioned, is why this should be the case: why
should the demand reduction in energy, transport, or the reduction in waste generation
attract less political commitment and interest (and thus probably less investment) than
other types of policies, especially since cited research has shown that their potential in
achieving decarbonization targets should grant them at least the same ‘dignity” as Shift- or
Improve-type policies.

A potential explanation might concern the issue of economic growth and its link to
energy consumption; in this sense, demand reduction policies might be seen as carrying the
risk of ‘degrowth’ of the energy sector, and in that sense being seen as nonattractive. This
might be particularly true for private investors, as Avoid-type policies would ultimately
decrease the volume of business of many companies and entities whose activity is directly
related to the generation and transportation of energy in all its forms.

One other potential barrier might concern the inherent multidisciplinarity of demand
management policies, which seldom, if ever, are “purely technical” solutions; this, in turn,
might make Avoid-type policies appear as too complicated and ‘random’ (i.e., where the
obtained results are less easily connected with the provided inputs) when compared to Shift-
and Improve-type policies. Further research should thus explicitly aim at investigating the
main barriers to Avoid-type policies in the energy sector.

This is particularly true as it has been shown that some Shift and Improve policies
might even increase the final energy demand and thus have the effect of increasing, or
at least decreasing less than initially expected, the final energy consumption through the
so-called ‘Rebound effect’ [98-100]. This well-known phenomenon further highlights the
opportunity to prioritize Avoid- over Shift- and Improve-type policies (see, for example,
the results from [26]).

In addition, some existing policies even contribute against the reduction in energy
demand by providing subsidies that reduce the cost of energy consumption to final users.
In particular, the last update of the fossil fuel subsidies database by the IEA [101] includes
measures that have reached USD 1.13 trillion of subsidies across 49 countries in 2022.
This figure represents a 92% increase against 2021, mostly due to the effect of the energy
crisis in Europe. Another example of a similar mechanism concerns cost structures that
disincentivize energy savings, such as energy bills that are at least in part proportional
to the installed power and not only to the consumed energy; such cost structures make
Avoid-type policies less attractive, as their efficacy is not entirely reflected in reduced costs
for the final users.

Moreover, a factor that must be taken into account is that multiple policies might
have the final effect of increasing energy consumption in certain socio-geographic contexts,
simply because their aim is to increase energy accessibility to fight poverty, vulnerability
and other socio-economic disadvantages. An evaluation of these policies within the A-S-I
framework here proposed is thus not immediate since their direct target has less to do with
decarbonization and more with expanding equal access to energy.

Finally, the obtained results can be compared with those from previous similar studies,
though only to an extent. In [3], an evaluation of the potential for 'demand-side solutions’
towards climate change mitigation is presented, and such an evaluation adopts the A-S-1
approach in a similar way to the one proposed in the present work. The main result in this
regard states that there exist a high potential (in the range of 41% to 78%) of greenhouse
gas emissions reductions for Avoid-type policies in all considered macro-sectors, which
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are ‘buildings’, ‘transport’, ‘food’, and ‘industry’. Therefore, the paper highlights the
importance of such policies and their potential role for climate change mitigation. At the
same time, no comparison is made to assess whether such assessed potential is reflected
in the existing policies, simply because this is out of the scope of the paper. Moreover, the
proposed macro-sectors classification does not allow to single out the impact on ‘Energy’
as proposed in the present work.

Conversely, the work from the Boston Consulting Group [28] does compare, as it is
one of the primary objectives of the study, the potential for Avoid-type measures with their
prominence in existing policies, namely, the updated NDCs under the Paris Agreement as
collected by the United Nations Framework Convention on Climate Change (UNFCCC).
The paper’s findings are coherent with those in the present work, as the authors find an
under-representation of Avoid- and Shift-type measures, an over-representation of Improve-
type ones, given their assessed potential for reducing GHG emissions, and they find that
measures within the updated NDCs “focus overwhelmingly on Improve Measures” despite
the huge potential that the research work has found to be associated with Avoid and Shift
measures. At the same time, the paper is focused on the transport sector only, which is the
primary ‘field of application” of the A-S-I1 approach as already stated, thus allowing only a
partial comparison with the results from the present work.

Similarly, in [26], different scenarios that adopt multiple combinations of Avoid, Shift,
and Improve measures are compared within a specific context, that of the German transport
sector. The results again show that combinations of Avoid and Shift measures show
potential for a significant reduction in energy demand; the paper also explores the potential
equity and cost issues of the three types of policies. However, the scope of the paper is once
again limited to the transport sector, even though results are expressed in terms of energy
demand reduction.

5. Conclusions

As the urgency to tackling climate change and its related challenges grows, a paramount
issue becomes the efficiency of the allocated resources and the appropriateness of existing
and planned policies to steer action in the right direction. As one of the main ones responsi-
ble for GHG emissions, the energy sector should be kept under particularly heavy scrutiny,
as failing in properly direct efforts within the energy generation and consumption realm
might prevent climate-related targets from being met.

In this paper, an existing approach called A-5-1, initially developed for prioritizing
action in the transport sector, has been shortly presented and adapted to the energy sector.
The three strategies that compose the approach ("Avoid’, ‘Shift” and ‘Improve’) have been
redefined to make them applicable to the energy sector, allowing to categorize existing
policies within such a framework. This is relevant because the framework proposes a clear
prioritization of the Avoid policies over the Shift policies and then over the Improve policies
in turn. The application of the adapted A-S-I framework to the energy sector thus allows to
investigate whether current policies respect such prioritization.

Therefore, several databases that collect the existing, planned, and inoperative energy
policies worldwide have been analyzed and compared through the lens of the redefined
A-5-1 framework. Even if the information provided in the databases is not always directly
comparable, the obtained results suggest that the prioritization proposed within the A-S-1
framework is largely not reflected in the number of policies pertaining to the three strategies;
in fact, policies that pertain to the Avoid strategy are consistently under-represented within
the existing policy realms, both when considering multiple-type and single-type policies.
Based on the available data, policies related to the Avoid strategy represent 17-19% of the
total when considering multiple-type policies (compared to 28-41% for Shift policies and
25-31% for Improve policies) and 6-22% of the total for single-type policies (against 28-48%
for Shift policies and 18-33% for Improve policies).

The obtained results are relevant, as they point at the possible inefficient resource
allocation and partial misdirection of energy policies for decarbonization, which in turn
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carry the risk of missing climate targets or increasing the cost of achieving them with
respect to what would be theoretically possible. Such results are also coherent with the
general indication from the existing literature, which points at an under-representation
of Avoid- (and Shift-) type policies with respect to their significant potential for energy
demand and GHG emissions reduction; at the same time, the existing literature is usually
focused on applying the A-S-I approach to the transport sector, or it does not provide a
comparison between theoretical potential and existing policies. }

The main limitation of the proposed approach as pointed out in the main body of
the study, concerns the difficulty in assigning a ‘relevance” scale to the policies, which
could then only be compared in terms of sheer number. For this reason, the contribution
of the article is based on the analysis of the studied databases, and thus on the statistical
relevance of the number of analyzed policies, rather than inference logic about their content.
Improved databases, some of which are already expected to be made available in the future,
might help fill this knowledge gap and refine the analysis, for example, by comparing
investments in each of the three A-S-I strategies. Further research could thus exploit
the theoretical framework proposed by this study and build on it to deepen the analysis
concerning the energy sector. At the same time, a similar conceptual framework might be
used for other sectors, where the A-S-I framework is directly applicable (i.e., the transport
sector) or adaptable (e.g., the waste management industry).

Finally, as the obtained results seem to indicate an under-representation of the Avoid
strategy within the energy sector, a fundamental question that could spark new research
pertains to why that should be the case. Whether energy demand reduction is deemed
inefficient (though existing research suggests otherwise), too difficult, or perhaps not
capable of attracting private investment as much as Shift- or Improve-type actions is
certainly worth exploring.
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