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1 Understanding EE1st and these
guidelines

Energy Efficiency First in the EU climate and energy framework

The Energy Efficiency First (EE1st) principle " is rooted in the broader EU climate
and energy framework that aims at climate neutrality, energy security and affordability.
Since the Energy Union strategy [1] and the “Clean Energy for All Europeans” package
[2], the European Commission has repeatedly stressed that energy efficiency || is the
“first fuel” and often the cheapest and cleanest way to meet energy needs across the
system. This political framing has been progressively anchored in law.

The Governance Regulation [3] introduced a legal definition of EE1st and requires
Member States to take the principle into account in their integrated national energy and
climate plans. The European Climate Law [4] and subsequent initiatives such as the
Renovation Wave [5], the Strategy for Energy System Integration [6] and REPowerEU
[7] further underline that putting efficiency first is key to deliver the 2030 and 2050
climate objectives while limiting system costs and dependence on imported fuels.

Legally, the starting point for EE1st is the definition in Article 2(18) of the Governance
Regulation.” In simplified form, it sees EE1st as the obligation to give full consideration
to cost-effective energy efficiency measures in energy policy, planning and investment
decisions before taking equivalent supply-side measures. Building on this, the recast
Energy Efficiency Directive (EED) [8] and the Commission Recommendation on
EE1st [9] spell out how EE1st should be applied in concrete decisions.

In this guidance, based on the Enefirst project [10], we use the following working
definition, which is consistent with and extends the Governance Regulation definition:

‘Energy efficiency first’ is a gquiding principle for energy-related planning and
policymaking that prioritises energy efficiency solutions—including not only end-use
energy efficiency but also, notably, demand-side flexibility—over the expansion and

T Art. 2(18) Governance Regulation: “energy efficiency first’ means taking utmost account in energy
planning, and in policy and investment decisions, of alternative cost-efficient energy efficiency
measures to make energy demand and energy supply more efficient, in particular by means of cost-
effective end-use energy savings, demand response initiatives and more efficient conversion,
transmission and distribution of energy, whilst still achieving the objectives of those decisions” [3].
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operation of energy supply infrastructure, provided these solutions result in greater net-
benefits to society.

Article 3 of the recast EED [8] operationalises the EE1st principle for planning, policy
and major investment decisions, and explicitly points to cost—benefit methodologies as
the way to assess whether energy efficiency solutions deliver greater net benefits than
supply-side options (see ).

Box 1. Article 3 Energy Efficiency Directive — key provisions on EE1st

Article 3 of the recast Energy Efficiency Directive (EU) 2023/1791 [8] translates the
high-level EE1st principle into concrete requirements for Member States and
competent authorities. In essence, it requires that:

e Energy efficiency solutions are systematically assessed: Member States
(MS) must ensure that energy efficiency solutions (including demand-side
flexibility) are duly assessed in planning, policy and major investment decisions
concerning both energy systems and relevant non-energy sectors (Article 3(1)).

o Cost-benefit methodologies capture wider benefits and energy poverty:
MS are required to promote cost—benefit methodologies that allow proper
assessment of the wider benefits of energy efficiency and to address impacts
on energy poverty when applying the EE1st principle (Article 3(5)(a)—(b)).

e Governance, monitoring and reporting are put in place: MS should take into
account the Commission Recommendation on EE1st [9] when implementing
the principle (Article 3(3)), designate entities to monitor its application and
report on this in their integrated national energy and climate progress reports
(Article 3(4)—(5)(c)—(d)). The European Commission is tasked with issuing
guidelines for monitoring and reporting (Article 3(6)).

This makes the link between EE1st and cost-benefit analysis very direct: public
authorities are not asked to “believe” that efficiency is always best, but to test
whether efficiency and demand-side flexibility outperform supply infrastructure on
a case-by-case basis using robust methods.

What we mean by cost-benefit analysis in this guidance

In this document, cost-benefit analysis (CBA) refers to a structured economic
appraisal that identifies, quantifies and monetises all relevant costs and benefits of
each option over an assessment period, discounts them to a common base year, and
compares them to derive a net benefit or a cost-effectiveness metric.

CBA can be carried out from different perspectives — for example, a societal
perspective that looks at total welfare including externalities '!, a private perspective
that focuses on the investor’s cash flows, or a fiscal perspective that looks at public
budgets. The 10 Issues in this guidance (especially ) explain how to build
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such CBAs in a way that allows energy efficiency solutions and energy supply
infrastructure to be compared on a consistent, EE1st-compliant basis.

Where CBA already appears in the EE1st policy framework

CBA is already embedded in several parts of the EU climate and energy governance.
The EE1st principle mostly says: use those economic tools but make sure energy
efficiency and demand-side flexibility are properly considered alongside supply
infrastructure, not as an afterthought. Today, CBA or closely related economic
appraisals are commonly used in:

Cross-border infrastructure and network planning (TEN-E): ENTSO-
E/ENTSOG CBA frameworks [11,12] support the selection of Projects of Common
Interest and network development plans; under EE1st, these analyses should
explicitly test whether efficiency and non-wire alternatives can substitute or defer
new lines and pipelines where they offer higher net benefits.

Heating and cooling assessments and local heat planning (EED): National
and local heating and cooling assessments compare district heating, individual
heating options. EE1st requires that building renovation, efficient technologies
and demand-side measures are systematically included and assessed on the
same economic basis as new heat supply assets and networks [13,14].
Minimum energy performance requirements for buildings (EPBD): The cost-
optimality framework for minimum energy performance requirements already
compares costs of different efficiency levels. While this is usually framed as a
cost-optimality exercise rather than a full CBA, it is a clear example of where
economic analysis is already used to set efficiency levels [15,16].

Network regulation and investment decisions: Regulators and system
operators often use CBA-type approaches for grid reinforcements, smart-grid
investments, metering or storage; with EE1st now referenced in the EED, these
assessments are expected to treat efficiency and flexibility options as potential
alternatives to traditional network expansion.

Public investment and policy impact assessments: Large public investments
and maijor EU or national policies are typically appraised using CBA or cost-
effectiveness analysis; EE1st implies that energy efficiency solutions must be
represented and evaluated with the same rigour as supply-side measures.

Purpose and scope of this guidance

Across all these arenas, the analytical machinery for CBA is already in place, but
energy efficiency and demand-side options have not always been treated consistently
or on an equal footing with supply infrastructure. The purpose of this guidance is to
help practitioners adapt and deepen existing CBAs so that energy efficiency solutions
and energy supply infrastructure are assessed on a common, EE1st-compliant basis.
It translates the high-level EE1st principle and the requirements of the EED into a set
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of practical “Issues” that clarify how to structure cost items, handle financial
corrections, include system-level effects, and address risk and distributional aspects.

These guidelines do not reinvent CBA for the energy sector. They build on a
substantial body of existing CBA guidance, EU legislation, research projects and
practitioner experience, and translate it into a form that is directly usable for applying
the Energy Efficiency First (EE1st) principle. The choice of Issues (01-10) were all
shaped by a systematic review of what is already available and where specific EE1st
“gaps” remain — in particular the consistent treatment of demand-side options, wider
benefits and multiple perspectives (societal, private, fiscal).

Existing CBA and appraisal guidance

We started from established CBA handbooks and appraisal frameworks and aligned
our concepts (e.g. perspectives, discounting, treatment of externalities, transfer
payments) with them as far as possible. Key references included:

e The ENTSO-E and ENTSOG CBA methodologies for electricity and gas
infrastructure planning and Projects of Common Interest [11,12].

e The Economic Appraisal Vademecum 2021-2027 [17] and the Guide to Cost—
Benefit Analysis of Investment Projects of the European Commission [18], which
set out the standard EU approach to project appraisal.

¢ International reference works such as the OECD’s “Cost-Benefit Analysis and the
Environment” [19] and the UK HM Treasury Green Book [20], as well as the EU

Better Regulation Guidelines [21] for policy impact assessment.
Wherever possible, the terminology and logic used in this EE1st guidance (e.g.
“societal CBA”, “transfer payments”, “multiple impacts”) follows these sources, so that
practitioners familiar with them can recognise the underlying structure. The added
value here is to adapt and extend those principles to systematically include energy

efficiency solutions and demand-side flexibility alongside energy supply infrastructure.
Research projects and scientific literature

A second pillar are recent research projects and the academic literature on energy
efficiency, multiple impacts and EE1st implementation. In particular:

e The legacy project, which formulated a practical definition of EE1st and
explored how to integrate the principle into planning and CBA across sectors.
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e The and projects, which developed methods and evidence
on the multiple impacts of energy efficiency (health, comfort, productivity,
macroeconomic effects, etc.) and how they can be quantified and, where
appropriate, monetised.

e The project, which produced a planning framework and tools (including
an Excel-based MCDA tool) for regional EE1st implementation and informed our
treatment of how CBA and multi-criteria approaches can be combined in practice.

These projects helped to identify which “wider benefits” of efficiency can realistically
be integrated into a CBA (and how), and which are better treated as additional decision
criteria outside the monetary ledger.

EU legislation, guidelines and implementation practice

The guidelines are also grounded in existing EU legislation and technical guidance
beyond the EE1st articles in the EED. Relevant building blocks include:

e The Commission Recommendation and Guidelines on EE1st (2021) [9],
which provide the overarching conceptual and procedural framework that this
document deepens on the CBA side.

e The cost-optimality framework for minimum energy performance requirements
under the EPBD [15,16], which has long used CBA-related economic optimisation
to set efficiency levels in buildings.

e The comprehensive assessments of heating and cooling required under the
EED and related guidance, which inspired our treatment of system-level effects
and local heat planning [14].

e The Ecodesign and energy labelling methodologies [22], which routinely rely
on least life-cycle cost calculations and implicitly make many of the same choices
about discounting, time horizons and perspectives that we make explicit here.

By aligning with these existing methods and legal requirements, the guidance is meant
to feel familiar to practitioners already working in EU energy and climate planning.

Consultations with experts and stakeholders

Finally, the structure and emphasis of these guidelines were refined through
consultations with practitioners and experts. This included, among others, an online
expert workshop (“Focus Group”) in September 2025 with representatives from the
European Investment Bank, DG Energy, ENTSO-E, ACER and other organisations
involved in infrastructure planning, regulation and financing. Feedback from this and
earlier stakeholder exchanges helped to:

e Prioritise the Issues where practitioners feel the largest gaps (e.g system-level
effects, risk and uncertainty).
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e Calibrate the level of detail so that the guidance and the Excel tool are usable by
local and regional planners, not only by specialists.

e Ensure that the proposals are compatible with how CBAs are already reviewed
and used by EU institutions and financing bodies.

Taken together, these inputs mean that the guidance is evolutionary rather than
revolutionary: it builds on well-established CBA practice and EU methods, but tailors
them so that energy efficiency solutions and energy supply infrastructure can be
assessed on a genuinely equal, EE1st-consistent footing.

These guidelines and the accompanying CBA Excel Tool are designed to be used
together. The guidelines set out principles, concepts and methodological choices for
applying the EE1st principle in cost—benefit analysis. The tool provides a concrete,
worked-out example for local heating planning in the residential sector, allowing
practitioners to see how these principles play out in numbers.

Neither is meant to replace existing, general CBA handbooks [e.g. 19]. Instead, they
build on and align with established EU and international practice and adapt them so
that energy efficiency and demand-side options are treated on an equal footing with
supply infrastructure, in line with the EE1st principle.

What these guidelines do — and do not do

The primary role of this document is to translate the EE1st principle into a set of
practical Issues that can be applied across different sectors and decision types:

e |t clarifies how to define and compare options ( and ),

e explains how to build a comprehensive, EE1st-consistent CBA with multiple
perspectives ( ),

e sets out how to handle discounting and transfer payments ( and Issue
05),

¢ highlights the need to look beyond project boundaries to system-level effects
( )

e and shows how to address distributional aspects, uncertainty and non-
monetised impacts ( : : )-

At the same time, the guidelines do not attempt to teach CBA from first principles.
They assume that readers have access to, and will continue to use, standard CBA
references for general topics such as appraisal steps, economic indicators or
stakeholder processes. Where general concepts are used (e.g. societal vs private
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perspectives, social discount rates, externalities), the terminology follows mainstream
sources so that practitioners can easily connect the EE1st framing to the methods they
already know.

The role of the CBA Excel Tool

The CBA Excel Tool takes this one step further by offering a concrete, hands-on
implementation of EE1st CBA for a specific use case: local heating planning for
residential buildings. It allows users to:

e define a local building stock based on standard archetypes,

e compare a NOEFF variant (continued boiler use with only basic maintenance) with
an EE1sT variant (retrofits and heat pumps),

e calculate societal and private costs over time,

e quantify the energy-efficiency gap between socially optimal and privately
preferred options, and

e explore how different policy instruments (grants, carbon prices, tariff
adjustments, etc.) could close that gap.

In other words, the tool does not replace sector-specific planning models, but
illustrates in a transparent and accessible way how the choices described in the Issues
— for example, which cost items to include, how to treat transfer payments, or which
discount rate to use — actually affect the ranking of options under EE1st.

A separate Technical Model Description document provides detailed information on
model scope, data sources, assumptions and limitations. Practitioners who wish to use
the tool beyond training or demonstration purposes should consult that description
alongside this guidance.

How to use the guidance and the tool together

There are different ways to combine the guidance and the tool depending on the user’s
role and experience:

For readers new to EE1st CBA, a practical sequence is:

e Read Section 1 to understand the policy context and the working definition of
EE1st.

e Skim the overview of the Nine Issues in Section 2.

e Open the CBA Excel Tool and work through its main steps, using this guidance as
a conceptual reference.

For practitioners already using CBA, the guidance can be used as a “checklist” to
adjust existing appraisal practice, while the tool serves as:
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e areference implementation for selected Issues (e.g. cost-item framework,
treatment of transfer payments, multi-perspective results), and

e atesting ground for alternative assumptions (e.g. different discount rates or
externality valuations).

In all cases, the key idea is that the Nine Issues provide the structure, and the tool
offers one concrete way of implementing that structure in practice for a local
heating case.

Features under development

The current version of the tool focuses on individual building-level solutions in the
residential sector and uses annual average values. Several enhancements are
planned to better reflect the breadth of EE1st applications and to support learning:

Training exercises linked to the Issues: A set of short, guided exercises will be
developed that explicitly connect each Issue in the guidance to a task in the tool.
Examples include:

e adding or removing multiple benefits from the societal CBA to see how this affects
the ranking of options;

e changing discount rates to illustrate the difference between private and social
perspectives;

e toggling transfer payments on and off in the societal ledger to highlight why taxes,
subsidies and ETS payments must be treated carefully;

These exercises are intended to help practitioners internalise the logic of EE1st CBA,
rather than to prescribe exact parameter values.

Inclusion of district heating options: A future version of the tool will extend the
option set to include district heating (DH) solutions, enabling users to compare:

¢ individual retrofits and heat pumps,
e continued use of individual boilers, and
e (where relevant) connection to or expansion of district heating networks.

This will allow a more realistic representation of local heat planning decisions, where
EE1st often involves comparing building-level measures with network-based solutions.

Using the tool as an example, not a template

Finally, it is important to stress that the CBA Excel Tool is intended as an example
implementation, not a one-size-fits-all template. Real-world applications of EE1st in
CBA will:

e involve different technologies and sectors (e.g. transport, industry, multi-energy
systems),
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e require more detailed system models in some cases (e.g. for network planning
or power-system dispatch), and

e need to be adapted to national data, regulatory frameworks and planning
cultures.

What should travel from one context to another are the principles and structures set
out in the Issues of this guidance: starting from a full list of costs and benefits, applying
a primary societal perspective, treating transfer payments consistently, paying
attention to system-level and distributional effects, and complementing CBA with other
approaches where necessary.

The CBA Excel Tool, together with this guidance and the forthcoming training material,
is meant to support that process by making EE1st CBA less abstract and more
tangible for practitioners.
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2 Nine Issues to keep in mind for
capturing the EE1st principle in
your cost-benefit analysis

Consider the full
range of energy

efficiency solutions

Identify and evaluate all
potential efficiency
measures across supply,
distribution, and end-
use, including demand-
side flexibility, to fully
leverage the EE1st
principle.

Measure effects on
the entire energy
system

Consider how efficiency
measures influence the
broader energy system,
reducing peak demand,
enhancing grid stability,
and deferring costly
network upgrades.

Take into account
all relevant costs and
benefits

Include all direct,
indirect, and external
costs and benefits —
environmental, social,
and economic — to
accurately capture the
full societal value of
efficiency measures.

Assess
distributional impacts

Examine how costs and
benefits are distributed
among different groups,
ensuring fairness,
mitigating inequalities,
and supporting just and
inclusive energy
transitions.

Be clear what you
are comparing and use

consistent performance
metrics

Apply transparent
solution sets, such as
EE1st options vs. NoEff
options, and use
consistent performance
metrics and scenarios to
systematically highlight
the added value of
efficiency solutions.

Incorporate risk
and uncertainty
analysis

Address uncertainties in
future conditions,
technology performance,
and price trends through
sensitivity analyses and
scenarios, ensuring
robust, reliable results
under changing
circumstances.
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Apply appropriate
discount rates

Select discount rates
reflecting long-term
societal interests,
preventing
undervaluation of future
energy savings and
benefits in
comprehensive cost-
benefit analyses.

Understand the
limits of CBA and

complement with other
approaches

View CBA as a decision-

support tool, not the sole

determinant; integrate
multi-criteria analysis
and public deliberation
to address qualitative
and intangible factors.

Correct for transfer
payments

From a societal
perspective, ensure that
transfer payments are
systematically excluded,
i.e. monetary flows that
shift money between
parties (e.g. taxes), as
these do not affect
overall societal cost.
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Untapped potential: Comparing energy efficiency solutions against energy
supply projects

The EE1st principle calls for energy efficiency solutions to be explicitly considered
and assessed whenever decisions are made about new energy supply
infrastructure — be it power plants, distribution networks, pipelines, LNG terminals, or
large-scale storage. By comparing energy efficiency solutions alongside conventional
supply expansions, you reduce the risk of overlooking cost-effective alternatives that
could significantly lower economic, social and environmental impacts.

In some cases, an efficiency solution can outright defer or replace a new supply
project. In others, efficiency might complement supply investments by making them
smaller or more flexible. Either way, the key takeaway here is that failing to assess
the full spectrum of available measures can lead to suboptimal, more costly, or more
polluting outcomes.

Understanding energy efficiency across the energy conversion chain

Textbook definitions typically define energy efficiency | || as the ratio of useful output
to energy input. This concept applies at each stage of the energy system
conversion chain — from primary energy extraction into secondary energy, to
transmission/distribution of that secondary energy, and ultimately to final uses and
energy services . To see this in action, let’s look at an example: heating homes

( )-

e Production enerqgy efficiency | .I: For electricity-based heating, consider how
efficiently electricity is produced. A wind turbine, by statistical convention, needs
less physical energy input (primary energy from wind) per unit of electrical
output (secondary energy ) than a traditional coal or gas power plant.

e Transmission and distribution energy efficiency : Once electricity is
generated, how efficiently is it delivered to consumers? An upgrade to high-voltage
DC (HVDC) lines can reduce transmission losses, improving the ratio of final
energy (what arrives at the consumer) to secondary energy (what leaves the
wind turbine).

e End-use energy efficiency ' _|: At the consumer’s site, how effectively is final
energy converted into useful energy || —in this case, heat in your home? A heat
pump, for example, requires much less electricity (final energy) to provide the same
amount of heat (useful energy) compared to a electric resistance heater.
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e Energy service efficiency .. Beyond end-use, how efficiently is useful energy
turned into the actual energy service (e.g., comfortable indoor temperature)?
A well-insulated home requires less heat input to maintain comfort, improving the
ratio of “service delivered” to “heat supplied.”

e Energy sufficiency | .': Finally, energy sufficiency examines how much utility
(e.g., wellbeing) you get per unit of the energy service. For instance, living
comfortably in a smaller, better-designed home requires less total heat to satisfy
occupants’ needs than a larger, poorly designed space.

Figure 1. Energy efficiency across the energy conversion chain: An illustrative example for

heating homes
e  F B3 i)

Secondary energy Final energy Useful energy Energy service Utilty
= X X
Primary energy Secondary energy Final energy Useful energy Energy service

The special case of demand-side flexibility

A cross-cutting concept central to EE1stis demand-side flexibility | .. While it doesn’t
directly raise a single efficiency ratio (like a heat pump might), it indirectly improves
overall system efficiency across multiple stages. Smoothing out demand peaks
allows the system to rely more on less fuel-intensive sources, thereby reducing reliance
on inefficient peaking plants (primary energy savings). A flatter load curve also
decreases resistive losses in transmission and distribution, while deferring or
downsizing network upgrades (secondary energy savings). Optimally matching load
patterns with distributed generation can further reduce transport distances, improving
system-wide performance. In this way, demand-side flexibility optimizes how, when,
and where energy is consumed, benefitting both the energy system and users.

List of relevant energy efficiency solutions in energy supply and energy
demand

To capture these opportunities, a comprehensive view of all relevant energy
efficiency solutions is useful. The tables below categorize supply-side ( ) and
demand-side efficiency measures (Table 2) across major sectors. Supply-side
solutions (conversion from primary to final energy) are grouped under Electricity, Heat,
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and Gas, distinguishing between generation and distribution efficiency. Demand-side
solutions (from final energy to energy services and ultimately utility) are arranged for
Buildings, Industry, and Transport, covering end-use efficiency, energy service
efficiency, energy sufficiency, and demand-side flexibility.

Table 1. Overview of supply-side solutions by sector and type of energy efficiency

Type of energy

efficiency / energy
conversion 'h

Production energy efficiency

Transmission and distribution energy
efficiency

EQnergy EUERlVSE e (Primary energy ®» secondary energy) (Secondary energy » Final energy)
Electricity e  High-efficiency renewable generation (e.g., * \L/‘l(?lgag'B%tEaHr:/sgés)St'grr‘;:jn::et?o;"s%g'
advanced PV modules, wind turbines) . Im Igmentin advanced transformers
. Integrating combined heat and power (CHP) P 9
; to utilise waste heat W!th Iowgr core Iosse§ .
. Real-time plant performance monitoring and ¢ D|g|t_al g.”d technqlogles for real-time
optimization monitoring (reducing losses and
outages)
. Heat pumps for district heat supply using . o .
e e
. Waste heat utilization from industrial . Obtimizing fl dt t
’ processes, data centres or other sources plimizing rlow and temperature
controls in distribution networks
@ (e.g. supermarkets) e Routine leak detection and maintenance
QO . Geothermal and solar thermal energy for heat networks
e Advanced CHP for district heating networks
Gas . Optimizing pipeline pressure and flow

Efficient electrolysers and methanation
plants for renewable gas production

More efficient gas processing at refineries or
LNG terminals

via advanced monitoring

. Reducing pipeline leakage through
better sealing and leak detection

. Upgrading compressor stations with
high-efficiency compressors and drives

Table 2. Overview of demand-side solutions by sector and type of energy efficiency

Type of
energy
efficiency /
energy
conversion

o]

End-use energy
efficiency

Energy service
efficiency

Energy sufficiency

Demand-side flexibility

appliances (e.g.,
refrigerators,
washing
machines)

. Advanced
ventilation
systems with
efficient fans and
heat recovery
units

cooling and lighting
needs
Occupancy-based
controls (e.g.,
motion or CO,
sensors) that adjust
lighting and
ventilation

52:‘?: d (Final energy » useful (Useful energy » energy (Epgrgy service » Primary/sec;ondary
sector @ energy) service) utility) energy » final energy

) Eé%?[:;:;z?:%s . o DOWnSiZ.eld or . Smart home
(e.g., heat High-performance shared living appliances (e.g.,
pljrr{;)s) building envelopes spaces (e.g., washers, dryers,

e Efficient water (enhanced smaller water heaters) with
heating (e.g insulation, airtight apartments, co- grid-responsive
solar thermal construction, triple- housing) scheduling
heat pump water glaze.d windows) . Redgced . . Advancgd building
heaters) Passive house or heathg/coqllng automatlon_systems

Buildings R LED lighting and nearly zero-energy setpoints aligned that dynamically
smart lighting building designs with realistic gdju§t HVAC and
oo controls Advanced shading comfort needs lighting
(£33 £ i and daylighting «  Limiting «  Home energy
= * nergy-efficient strategies to reduce unnecessary storage systems

equipment use
(e.g., turning off
lights when not in
use)

e  Choosing right-
sized appliances
to match actual
household or
business needs

(e.g., batteries) to
reduce peak
demand

e  Thermal storage
solutions (e.g.,
water tanks,
building thermal
mass) for off-peak
heating/cooling
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Type of
energy
efficiency /

End-use energy

Energy service

Energy sufficiency

Demand-side flexibility

energy efficiency efficiency
conversion
o)
Energy . . .
el (Final energy » useful (Use_ful energy » energy (qurgy service » anary/sec;ondary
sector @ energy) service) utility) energy W final energy
e  Shifting energy-
R Lean process intensive processes
. High-efficiency design to eliminate . Eliminating Lor ?of\f/:/‘;?ilégteg?#fz
electric motors non-value-adding overcapacity by F trol
and variable steps right-sizing ¢ reguefrllcyt;or} ro 4
frequency drives . Integrated process production g:_ssl?grae:'toe oads
Industry . Advanced automation for equipment stabilizeggri d
i insulation for optimized energy . Repurposing by- frequency)
/| | pipes, tanks, and input products instead of . On-site ener
,,., industrial ovens e  High-temperature discarding them torage (e 9y
e Energy-efficient heat pumps or e Streamlining gaotte?ies) fgr cak
lighting systems mechanical vapor production to shaving and Igad
in production recompression for match actual management
halls and heat reuse demand without e Distributed
warehouses e  Heat cascading excess output ti )
between processes generation (e.g,on
site solar) to reduce
net grid demand
. Modal shifts to
public transport,
cycling, or walking
e  High-efficiency e  Ridesharing or Minimizing travel e  Smart charging for
engines (e.g., carpooling to demand tgrough EVs aligned with
Transport electric motors) increase vehicle integrated urban grid signals,

8] —

. Lightweight
materials and
improved
aerodynamics

. Low rolling
resistance tires

occupancy

. Optimized route
planning for freight
and passenger
transport

. Intelligent traffic
management to
reduce stop-and-go
conditions

planning
Teleworking and
virtual meetings to
avoid unnecessary
commutes

including Vehicle-to-
Grid (V2G) or
Building (V2B)

. Load balancing for
electric bus or tram
networks

Issue 01 Consider the full range of energy efficiency solutions
Checklist

I Evaluate all technically feasible energy efficiency solutions: Assess energy
efficiency solutions at every stage — production, transmission & distribution, end-
use, energy service, and sufficiency — alongside default energy supply solutions.

0 Assess demand-side flexibility as an energy efficiency solution: Consider
how shifting or reducing peaks can change the need for new infrastructure,
potentially deferring or downsizing supply expansions.

0 Maintain transparent and accessible documentation: Clearly record which
efficiency solutions were considered, ensuring stakeholders can understand and
verify the decision-making process.
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Why broaden the lens?

Energy-system choices reverberate far beyond the private balance sheet: a cheap-to-
build power plant can burden society with decades of pollution, while a seemingly
“costly” renovation can yield health gains, resilience and fuel-import savings that dwarf
its price tag. Evaluating projects through a narrow financial lens therefore risks
locking-in infrastructure that looks inexpensive to investors today but proves expensive
to everyone tomorrow. Article 3 of the EED embeds this insight in law by requiring
decision-makers to test major energy investments against their societal costs and
benefits first. So how does this work in CBA?

Three complementary perspectives for EE1st CBA

There are three distinct ways to view cost-benefit analysis in the EE1st-context (

). The societal (economic) perspective asks whether a project leaves the
community, region or nation better off once all real costs and benefits have been taken
into account. As this perspective considers externalities such as health and climate
effects, the EE1st principle and Article 3 of the EED require major public-sector energy
investments to pass this test first. When efficiency solutions and supply assets are
compared on this basis, the option with the greatest net public value becomes clear.

Two supplementary perspectives complete the picture. The private (financial)
perspective focuses on the cash flows of the entity paying the bills, such as utilities,
industries, building owners or households. This shows whether tariffs, subsidies or
carbon prices are needed to align private incentives with the societal optimum. As
highlighted in , it also reveals who gains or loses across income groups.

The state budget (fiscal) perspective tracks the net effect on public revenues and
expenditure, indicating whether grants, tax breaks or levy schemes are affordable
within fiscal rules. Together, these perspectives, summarised in Table 3, allow analysts
to identify the option that maximises welfare and then test its financial viability and
budget impact.
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Table 3. Societal, private, and state-budget perspectives: Why and where to use each in an
EE1st cost-benefit analysis

Perspective Core question it answers Typical situations where applied

o Mandatory test for major public-sector energy projects under Art. 3 EED
and many EU funding programmes.
Is the community, region, or o Strategic energy-system planning (e.g., long-term network or generation
nation better off as a whole — scenarios).

does the project deliver net « Policy impact assessments that justify targets, regulations, or incentive
societal benefits? schemes.

Societal
(economic
analysis)

* Investment decisions by utilities, industry, small businesses and
households.

e Loan or grant applications that require a business plan or payback
calculation.

Private
(financial
ELENED)

Does the project make financial

sense for the project-owner? ) . ) o
e Design of incentive programmes: reveals whether subsidies and/or

taxation are needed to bridge the gap between private and societal
returns.

* National and local budgets evaluating large infrastructure grants, tax
incentives, or renovation funds.

SIEICE NI Y What is the net effect of the

(fiscal project on public revenues and

analysis) expenditures?

e Public debt and deficit screening under EU or national fiscal-rule
frameworks.

o Programme reviews that must show long-term affordability of subsidy or
tariff-levy schemes.

A common cost-item framework

To compare an efficiency solution with a new supply asset on truly equal terms, every
analysis — societal, private or fiscal — must begin from the same master list of costs
and benefits. provides that list by crossing two fundamental dimensions of
economic appraisal. The first is valuation type. Explicit internal items (A) || already
have market prices: capital, fuel, O&M, taxes and tariffs. Implicit internal items (B)
L.l such as transaction hassle or user comfort lack a price tag but still accrue to the
decision-maker. Implicit external items (group C) .| are borne by third parties —
climate damage, air pollution, noise — and therefore surface only when a societal lens
is applied. Distinguishing these three blocks makes it clear which costs are real

resource uses and which belong inside an investor’s business plan.

The second dimension is granularity. Internal items (A and B) can be captured at two
resolution levels. A simple approach uses market energy prices and regulated
network tariffs: all generation and grid costs are embedded in the kWh charge shown
on the bill, which is often sufficient for building-level retrofits or small projects. A
detailed approach unpacks those prices into every underlying generation () and
network () component — capital costs, fuel, balancing power, grid losses — requiring
an energy-system model but revealing where efficiency actually avoids infrastructure
spend. delves more into the distinction of average vs. marginal costs.
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Because all perspectives draw on this single taxonomy, nothing is double-counted
and nothing falls through the cracks. Analysts can then decide — perspective by
perspective — which rows of the table are included (

Table 5) and how each row is monetised (7ab/e 6), thus ensuring that the analysis is
complete and internally consistent.

Table 4. Cost-item framework for comprehensive CBA of energy-efficiency vs. supply-side
solutions

Given example: A building-renovation case that combines envelope retrofitting with a heat-pump installation. | Cost item
granularity: 'Simple' uses unit average costs (EUR/kWh); all supply-side costs are embedded in the energy and network tariffs.
'Detailed' itemises every generation and network operation cost item using marginal costs and therefore needs a full
energy-system model. See /ssue 06 for more details.

Cost item granularity
Cost item

Simple (average costs) Detailed (marginal costs)

A.1 Capital-related costs

PV modules, wind-turbines, gas-turbines, battery racks
Pad-mount transformers, cables, re-closers, load-break
switches

Insulation rolls, air-to-water

A.1.1 Equipment heat-pump package

Turbine erection, PV table ramming, engine-hall
steelworks
Cable trenching, pole setting, transformer plinth & wiring

Fagade labour, heat-pump

A.1.2 Installation ) .
mounting, refrigerant charge

Land lease for solar array, wind-turbine pad easement

A.1.3 Land/sit isiti N isti lot
andisite acquisttion one (uses existing plot) Distribution-line right-of-way, sub-station footprint
A4 Design & project Energy audit, heat-loss calc, Resource surveys, interconnection studies etc.
"7 management HP sizing, permit drawings Distribution-impact studies, DSO project management

PV panel recycling, turbine dismantling, battery recycling
fee
Transformer oil draining, cable pull-out & scrap

Decommissioning / end- Removal & disposal of old

LS of-life insulation and obsolete boiler

.2  Operation-related costs

|

Turbine gearbox oil, PV inverter swap, engine overhaul
Line patrol & vegetation management, transformer
testing, balancing power procurement

Operating and Heat-pump service: filter

25 maintenance (O&M) change, refrigerant top-up

A.3 Public charges and transfers

VAT on insulation, heat-pump
package and contractor
A.3.1 Taxes invoices; energy tax on retail / Corporate tax; property tax
kWh; property-tax delta when
property value rises

EU ETS Il (from 2027) COF
A.3.2 Emission permits price where fossil heating is EU ETS | COFallowances for power-sector emissions
still used

Possible investment grant for
insulation; heat-pump rebate
or low-interest loan (negative
cost)

Feed-in tariff, market premium, contracts-for-difference,
production-tax credit for RES
Possible grid-reinforcement subsidy

A.3.3 Subsidies

Fixed per-kWh surcharges
A.3.3 Environmental levies (e.g. German CHP levy, Water-abstraction fee for cooling towers
offshore-grid levy)

A.4 Energy-related costs
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Cost item granularity
Cost item

Simple (average costs)

kWh price covering
(A1)
COF-allowance payments
corporate & property taxe
(A.3)

Energy procurement &

Ll retail

fuel / other variable-
generation costs (A.4)

Price equals marginal

supplier margin.

generation capital costs

generation O&M (A.2)
pass-through transfers:

wholesale clearing price +

Detailed (marginal costs)

s Fuel gas for combined-cycle plant, biomass feedstock,

water for steam cycle

tariff covering
capital costs (A1)

& ancillary-service costs (

A.4.2 Network charges
corporate & property taxe

grid assets (A3)

Tariff set by the regulator
cost-of-service / allowed-
revenue basis.

B.1

Transaction costs

Reading retrofit guides,
comparing insulation
materials, selecting
contractors

B.1.1 Search & information
costs

Capacity / volumetric grid-

O&M, losses, balancing

pass-through transfers:

A2)

S on

ona

System-level transaction costs typically capitalised into

Bargaining & decision

B.1.2
costs

prices, scheduling works

Soliciting quotes, negotiating

“Design & project-management” (A.1.4)

Enforcement and
compliance costs

Building-code inspections

RS obtaining local permits

S s gonian potential health and

productivity gains

B.2  Other private non-market costs

Post-retrofit: steadier indoor
temperatures, fewer drafts;

Not represented: outside the scope of generation or

B.2.2 Stress / convenience bills, simpler heating/cooli

management

External costs

Greenhouse gas
emissions

Less worry about high energy

Embodied COFin insulation
and heat-pump manufacturing

networks

ng

COFfrom marginal fossil generation that supplies the heat-
pump load; embodied COFof generation and grid assets

C.1.2 Air pollution emissions insulation production

Up-stream NOx / SOx from

Power-station NOx/PM for residual fossil share

low-level outdoor-unit fan
noise

C.1.3 Noise emissions

Short-term construction noise;

Operational noise from wind-turbine rotors, transformers,
cooling-tower fans

C.1.4 Water pollution

Negligible in most retrofits

Cooling-tower blow-down, thermal discharges from fossil or
nuclear plants

Footprint of outdoor heat-

C.1.5 Land use .
pump unit

Land take for power plants and grid lines
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Cost item granularity
Cost item

Simple (average costs) Detailed (marginal costs)

Altered exterior fagade; visible

C.1.6 Aesthetics outdoor HP casing

Turbine skylines, PV glare, new pole-mounted transformers

Very low: limited to small Grid-fault fires, battery-storage fire, extreme-but-rare

Coile Cizsuieplile s@siie: refrigerant leakage blackout cascade

Which perspective counts what?

5 allocates each cost item to the perspective that recognises it, demonstrating
how the same accounting framework produces three distinct ledgers. Capital, fuel and
routine O&M (A.1-A.2) represent the use of real resources, so they appear in both the
societal and private statements. However, they only touch the state budget when the
government pays for them directly. Public charges and transfers (A.3) such as taxes,
subsidies and emission-permit payments shift money between parties without altering
the total amount of resources available. They therefore disappear from the societal
ledger, but remain important for investors' cash flow and for the treasury. Energy
purchases and network tariffs (A.4) represent real resources consumed in generation
and delivery. Therefore, they matter to society and bill payers while normally bypassing
the fiscal account.

Transaction costs and other non-market effects (B.1-B.2) that are borne by the project
owner raise or lower true welfare and thus belong in the economic tally. Investors may
monetise these costs selectively, and governments include them when funding
programme administration. Externalities (C.1), such as climate damage, health
impacts, noise and land use, affect everyone and are therefore central to the societal
test. However, they disappear from private and fiscal views unless they are internalised
via the charges recorded in A.3.

Table 5. Cost-item treatment across societal, private, and state-budget perspectives in CBA
Legend: n = normally included, = may be included, 8 = normally excluded | @ Excluding taxes, subsidies and other public
transfers (A.3); ® Excluding costs already internalised through public charges and transfers (A.3).

Perspective

Cost item Societal Private State-budget Explanation

(economic (financial (fiscal
analysis) analysis) analysis)

Physical assets (equipment, installation, land,
decommissioning) consume real resources, so they are a

Capital-related welfare cost (societal) and a cash outflow for the investor

o costs ? L n 0 (private). They matter to the budget only if the State pays
them directly, which is not the norm, hence exclusion from
the pure fiscal column.

O&M and fuel are ongoing resource uses: society counts
Operation- them and so does the owner who pays the bills. They do
A.2 n n ] not usually flow through the Treasury, so they are absent

a = =
rkie EesE from the fiscal view except where the State is itself the

operator.
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Perspective

Cost item Societal Private State-budget Explanation

(economic (financial (fiscal
analysis) analysis) analysis)

See /ssue 05 Taxes, subsidies, emission-permit payments
and levies shift money between actors but do not change
the overall resource pool. They therefore drop out of the
societal ledger, yet they alter investor cash flow (private)
and the public balance sheet (fiscal).

Public charges
and transfers - -

On
=
=

A3

Payments for purchased energy and network services
Energy-related represent real resource use (generation fuel, grid losses)
costs @ - - and private expenditure. They are normally excluded from

a strict fiscal ledger unless the State is the buyer or seller.

A4

Time and effort spent on information search, negotiation
and compliance are real resources, so society counts
them. Private actors may or may not monetise these

B.1 Igi?ssactlon n n “hassle” costs. Governments should include their own
administrative outlays — processing subsidy applications,
inspections, reporting — because they directly affect public
expenditures.

Comfort gains, stress reduction, and similar effects raise
Other private or lower welfare and thus enter the societal account.
B.2 non-market n 6 Private actors include them only if they perceive and
costs monetise them; they do not affect public revenues or
spending.

Climate damage, air-quality impacts, noise and land-use
effects fall on society at large, so they are central to

C.1 External costs ® n ] ] economic analysis. They are absent from private and
fiscal views unless internalised through taxes or regulation
(in which case they appear in A.3).

Box 2. Wider benefits (“multiple impacts”) of energy efficiency — how they fit into a CBA
framework

In EE1st discussions the value of an efficiency measure is not confined to the energy
bill. Better air quality, avoided grid expansion, higher indoor comfort and labour
productivity, and even aesthetic improvements all raise social welfare. The IEA
popularised this broader view under the label multiple benefits (or co-benefits) [23].

Table 4 already accommodates many of these multiple benefits:

e Benefits with an observable market price (e.g. lower network tariffs, cheaper
fuel imports) are explicit internal items (A).

e Benefits that accrue to the decision-maker but lack a price tag (comfort,
reduced hassle) are implicit internal items (B).

e Impacts that fall on third parties (avoided COz2, cleaner air, lower accident risk)
are implicit external items (C).
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First-round effects — fuel savings, deferred grid investment, health-care cost
reductions — can be monetised directly and entered once in the CBA.

Second-round or ‘general-equilibrium’ effects — jobs created, GDP growth,
“‘competitiveness” — risk double counting because the underlying wages and supplier
payments are already booked in A-items. Standard CBA manuals therefore treat
such macro ripple-effects as redistribution, not new welfare, in a full-employment
economy. Where policymakers still wish to see GDP or employment multipliers, they
should run a separate macro model and keep those results outside the core CBA to
avoid over-statement (/ssue 06 discusses system-level impacts in more detail).

The figure below summarises how the headline benefits identified by the IEA map
onto the CBA framework of Table 4 (n yes,d no).

T Captured in A.4: reduced kWh, lower ch& Emission C and pollutants
9y 9 fuel and retail energy costs. reductions to A.3when internalised via taxes or ETS.
- Also A4, but viewed through the Health Externalhealth benefits in C.1; indoor-
Affordability . . )
private ledger (lower cash outflow). improvements comfort in B.2.

Primarily the full set of A-items (capex
Competitiveness  recovery, fuel, O&M, energy and grid
tariffs) that shape unit cost.

& Distributional indicator (seller —buyer),

FemEEEle Uphi not an additional economic benefit.

Avoided capex in A.1, O&M in A.2;
eventually lower network tariffs in A.4.

8 Labourcostedi n A. 1; no

delts benefité to avoid d

Grid investments

Model wholesale-price scenarios in A.4
Energy security to reflect import -risk premium or
volatility.

Macro-economic 6 Reported via separate macro models;
growth (GDP excluded from welfare ledger totals.

@ M B G Qo
B B &

Quantifying and monetising cost items

organises a toolbox of valuation techniques. Each cost item is first expressed
in a physical metric (square metres, tonnes of COz, labour-hours) then converted to
euros with one of three economic approaches.

e Direct market valuation covers all items. Where competitive prices exist
(equipment catalogues, land registries, retail tariffs) costing is a matter of
multiplying quantities by observed €/unit values.

e Proxy or secondary-market valuation is typical for items whose effects are
real but only partly monetised. Analysts draw on damage-cost factors (€/t for air
pollutants), avoided-cost methods (€/m* for wastewater treatment) or benefit-
transfer values that adapt study results from one region to another. Revealed-
preference techniques — e.g. hedonic house-price regressions for prestige or noise
— also sit in this middle band: data exist, but extracting them is a moderate effort.

o Stated-preference valuation and custom studies dominate the zone, where
no market price exists and data often lack geographic or temporal coverage.
Comfort, stress and landscape aesthetics rely on contingent-valuation surveys or
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choice experiments that elicit households’ willingness-to-pay (WTP) for non-
market benefits. Catastrophic risk or ecosystem services may require expected-
damage models or benefit-transfer meta-analyses combined with sensitivity tests.
For transaction costs, private actors can be surveyed for the WTP to avoid “hassle,”
while the public sector applies an opportunity-cost of staff time (wage x hours) for
programme administration.

Working down the table in this order — green first, amber second, red last — ensures
that high-quality data anchor the CBA while more uncertain valuations are flagged and
tested. Documenting the source, the valuation year and any adjustment factors
(inflation, regional cost multipliers) allows stakeholders to replicate results and run
alternative scenarios.

Table 6. Quantification and monetisation approaches by cost item
easy / standard data available moderate effort very hard: data often missing for the specific geography or time
period.

Key quantification approaches (examples)
Cost item Difficulty Key references
Physical units Monetary valuation

A1 Capital-related costs

Bill of quantities (m?
insulation, kW heat-
pump rating, MW
turbine capacity)

A.1.1  Equipment

Labour hours, tonnes  C0st handbooks and

A1.2  Installation of materials installed ~ téchnology catalogues.
Values typically given
. o Hectares or m? aggregated as EUR per  Energy Technology
Ll enehsie agsiien required kW installed capacity, Catalogues [24-26].

per m? of renovated

2 surface, per appliance
projectZnanagement .

A Design & project Engineering hours,

»

management FTEs
Decommissioning / end- Tonnes of ws_:\ste to
A1.5 remove, equipment to

of-life dismantle

A.2 Operation-related costs

O&M cost factors (€/kW-

yr, €/ MWh) from cost Energy Technology
handbooks and Catalogues [24-26].
technology catalogues

Scheduled service
intervals, spare-parts
replacement cycles

Operating and

L2 maintenance (O&M)

A3 Public charges and transfers
A34  Taxes Tax base (capex, Applicable tax rates from ES:?;:{ ?:e(;od_esr; ce
e fuel, energy sold) national legislation 9y-p
components

Forward EU-ETS price
A.3.2 Emission permits t COFsubject to ETS  or average auction EEX auction data
clearing price

Eligible output (kWh,  Published grant/tariff
m? renovated) schedules

A.3.3 Subsidies National subsidy registers

Levy rate per unit from  Eurostat energy-price

. . -
A.3.3 Environmental levies kWh or m? liable tariff tables components [27,28]

A4 Energy-related costs
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]

Key quantification approaches (examples)

Key references

Energy procurement &

Physical units

Annual kWh or MJ

Monetary valuation

Retail tariff; wholesale +

Eurostat energy-price

Ll retail purchased supplier margin components [27,28]
Contracted capacity Eurostat energy-price
A.4.2 Network charges (kW) and energy Regulated tariff tables

Transaction costs

(KWh)

components [27,28]

Search & information

B.1.1
costs

B.1.2 Bargaining & decision
costs

B.A.3 Enforcement and

compliance costs

Hours spent by
decision-maker,
number of tenders,
staff hours, number of
permits

Degree-hours within

Private: survey-based
WTP to avoid hassle
State: administrative
wage rates.

. Other private non-market costs

Contingent valuation /

Research articles [29,30]

COMBI and MICAT

occupancy rates

B.2.1  User comfort comfort band; indoor  willingness-to- multiple-benefit studies

PM2.5 pay/accept studies [31,32]

I . Contingent valuation /
. Survey indices; time S L Household energy-
B.2.2 Stress / convenience saved willingness-to _ behaviour surveys
pay/accept studies

Market surveys Hedonic pricing: rent or Real-estate market

B.2.3 Prestige / image value ’ : studies; academic

sale-value premium

literature

External costs

CAA Greenhouse gas t CORe Social Cost of Carbon or Impact Assessment
o emissions a shadow-price trajectory  Handbooks [20,33].
Damage-cost factors Impact Assessment
C.1.2  Air pollution emissions t NOx / SOF/ PM (€/t) for health, crops P
- . Handbooks [20,33].
and biodiversity
) WTP for noise
C.1.3 Noise emissions dB(A) at recepto_r, abatement or property EEA noise valuation [34]
exposed population devaluation
. m? effluent; pollutant  Avoided treatment cost ~ Water-quality valuation
Cla e gl load or damage function studies [35]
Hectares converted;  Marginal land rent or Ecosystem valuation
C.1.5 Landuse . >
land-use type ecosystem-service loss  studies [35]
. Visual-impact score;  Contingent valuation for  Visual-impact valuation
Gl Aeshisies affected viewers landscape preservation  studies [35]
. . Probability x damage Expected social cost Risk valuation research
G118 Catastrophiciaccidents (expected value) (risk x consequence) [35]
0 Issue 02: Take into account all relevant costs and benefits
Checklist
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[0 Start from a complete cost-item list: Use the common framework in
for every option (efficiency and supply) and scenario rather than limiting the
analysis to capex and energy bills.

Apply the three perspectives consistently: Build separate societal, private
and state-budget ledgers ( and

O 5), using the societal perspective as the primary EE1st test, and then
examining private and fiscal results to understand incentives, affordability and
budget impacts.

[0 Monetise transparently and avoid double counting: Quantify and value each
cost item with the most robust methods available ( ), integrate wider
benefits where they fit in the framework, and clearly document data sources and
assumptions so that benefits are not counted twice.
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EE1st as an optimisation problem

The EE1st principle does not promote energy efficiency for its own sake. As set out in
the Governance Regulation and our working definition (

efficiency and demand-side flexibility should only be
prioritised where they deliver greater net benefits to society than supply-side
alternatives. In other words, EE1st is not saying “always choose efficiency”, but
“always check whether efficiency solutions can meet the same energy-service needs
at lower overall social cost”.

Seen through this lens, EE1st is naturally a cost-benefit and, at system level, an
optimisation problem (see ). The basic question is: given a certain need for
energy services (heat, mobility, productive processes, etc.), which combination of
energy efficiency, demand-side flexibility and supply-side options minimises total
social cost? Energy efficiency is not an add-on to a fixed supply plan, but one family
of options that competes on equal terms with generation, networks and storage.

Mathematically, we can think of decision variables for energy efficiency and demand-
side flexibility measures @ (e.g. insulation levels, appliance standards, flexibility
programmes) and decision variables for supply-side options w (generation capacities,
network reinforcements, storage, etc.). The EE1st objective is then to minimise the
total societal cost over the assessment horizon " of length Y

aQs 6 o Mo
w o P
where 6 @ Mo denotes total social cost in year 0 (including real resource costs
and externalities, excluding transfer payments), and] is the social discount rate
This cost minimisation is subject to:

e Energy service constraints (e.g. space-heating comfort, mobility),
e Technical constraints (e.g. network capacities, operational limits),
¢ Policy constraints (e.g. emissions targets, phase-out dates).
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Figure 2. lllustration of the Energy Efficiency First Principle as an optimisation problem

Too much energy efficiency | Over-investment in energy
efficiency can lead to diminishing returns. This occurs when the

o cost of implementing additional energy efficiency measures
exceeds the benefits of the energy savings. For example, over-
insulating a building may not produce energy savings
proportional to the additional insulation costs.

Too much energy infrastructure | Conversely, over-investment in
energy supply infrastructure can lead to under-utilisation and

e inefficiency. Building more generation capacity than needed can
result in stranded assets or an overly expensive system where
the capital-intensive nature of energy infrastructure is not fully
utilised.

Total social cost
(EUR/yr) *

Uncertainty
range

Societal optimum | The optimal solution involves finding the
right mix of investments in energy efficiency and energy supply.

e This mix would aim to minimise the total cost of energy
provided, including both direct and indirect costs (wider
benefits), while ensuring reliability and meeting emission
reduction targets.

Energy consumption (MWh/yr)

“Total discounted social cost” is defined consistently with the societal CBA in :
it includes real resource costs (capital, O&M, fuel, system costs) and externalities (e.g.
climate and health damages), and it applies an appropriate social discount rate (

), while excluding transfer payments ( )- In this framing, an EE1st-consistent
solution is simply the cost-minimising combination of wthat meets the constraints.

What exactly are we comparing under EE1st?

(Table 1 & Table 2) introduced the broad menu of energy efficiency and
demand-side flexibility solutions on both the supply and demand side — from
building renovation to network upgrades and smart charging. When it comes to
applying EE1st in a CBA, the question is no longer just which solutions exist, but how
we compare them: as individual options, as part of a portfolio, or as elements of
whole-system scenarios. Being explicit about this level of comparison is key to design
a consistent analysis and to interpret results correctly.

7 summarises three typical levels of comparison in EE1st applications.

Table 7. Typical levels of comparison in EE1st-related cost—benefit analysis

Level of What is being
comparison compared?

Typical EE1st question Typical use cases / examples

Deep renovation + heat pump vs. simple
boiler replacement in one building;
variable-speed drive vs. standard motor in
an industrial process; battery vs. demand-
response contract at one site.

Individual measures or ~ “For this building, plant or process,
small sets of measures  does an efficiency or flexibility
against a defined solution perform better than the
baseline option. default supply-side option?”

Option level
(project /
measure)

Municipal retrofit programme + demand-
response vs. building more local
generation capacity; upgrading district
heating networks + moderate renovation
vs. keeping existing networks and
investing mainly in new boilers.

“For this programme or local plan,
does a portfolio with strong
efficiency and flexibility perform
better than a more supply-focused
portfolio?”

Portfolio level Bundles of measures
(programme / and assets that jointly
investment meet a given need,
package) often across many sites.
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Whole-system futures “At system level, is an EE1st- “No-efficiency” or minimum-standards
Scenario level that differ in how much consistent pathway (with all cost- scenario vs. EE1st scenario in a national
(system / efficiency, flexibility and effective efficiency and flexibility) power or heat plan; alternative
planning) supply inf‘rastructure cheaper for society than a pathway decarbonisation pathways in long-term
they deploy that relies mainly on new supply energy-system planning that vary the
’ infrastructure?” depth of renovation and electrification.

These levels build on each other and connect to the system perspective in

. Option-level comparisons typically
focus on project-level savings (often using average prices and emission factors), while
portfolio- and especially scenario-level comparisons are where system-level effects,
marginal costs and marginal emissions fully come into play (see ). In other
words, as you move from top to bottom in

7, you move from “kWh saved on the customer’s meter” towards “how the whole
system is built and operated”.

How to implement EE1st comparisons: optimisation or stylised variants

Once it is clear what you are comparing (options, portfolios or scenarios; see

Table 7), the next question is how to represent EE1st in the analysis. Conceptually,
the optimisation framing above tells us there is a “sweet spot” where the combination
of efficiency, flexibility and supply options minimises total discounted social cost. In
practice, there are two main ways to approximate this in EE1st-related CBA:

(1) using an explicit optimisation that lets a model find this sweet spot, or

(2) defining a small set of decision variants with different levels of efficiency and
comparing them.

In the optimisation approach, efficiency and demand-side flexibility measures are
treated as decision variables alongside supply assets. An energy-system model or tool
searches over different combinations of these options and determines the mix that
gives the lowest total cost while still delivering the required energy services and
respecting technical and policy constraints. In this setting, EE1st is implemented
directly: the model itself determines how much efficiency and flexibility is worth
investing in, rather than the analyst having to pre-define that level.

Where such optimisation tools or data are not available, a more practical route is to
WORK with a small number of variants. In this approach, you always define at least
one NoEff (or “limited-efficiency”) reference variant, where only minimum legal
standards or very modest efficiency improvements are assumed. On top of this, you
construct one or more variants with increasing ambition, for example LOWEFF,
MEeDIUMEFF and HIGHEFF, which differ mainly in how extensively energy efficiency
solutions from Table 1 and are deployed. All variants must deliver the same
energy-service outcome; all other key assumptions (prices, discount rates, policy
targets) are kept identical. The only difference is how far efficiency and flexibility are
pushed, and the resulting implications for supply infrastructure and system operation.
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These variants can be defined at any of the levels in

7: as alternative project designs, as alternative portfolios, or as alternative
system-level futures. gives stylised examples of how these variants can be set
up in different sectors. In the next part of this Issue, we introduce performance metrics
that can then be applied consistently across these variants to quantify the added value
of “putting efficiency first” compared with the NOEFF reference.

Table 8. Proposed variants in example sectors to compare energy efficiency solutions with
default energy supply options

Possible variants at option, portfolio or scenario level (
Table 7)

Sector /
planning
context

NOEFF LOWEFF MEDIUMEFF HIGHEFF

Reinforce lines and Include moderate end-use Add targeted demand-side Combine ambitious
transformers to meet  efficiency improvements  flexibility (e.g. smart EV efficiency. flexibility and local
Distribution projected demand (e.g. more efficient charging, controllable heat eneratigh (e P\y/ + storage
; assuming no appliances and heating) in pumps, time-of-use tariffs) 9 9: 9
grid additional efficiency =~ demand forecasts, while  in constrained feeders so * DSF) so that several
AR, or flexibility beyond lanning grid 1 that some reinforcements planned reinforcements can
ty bey pie 99 be deferred, downsized or
current minimum reinforcements largely as  can be postponed or avoided altogether
standards. in the reference case. reduced. 9 '
Keep existing boilers Implement modest Substantial renovation of E&?dﬁnrego\x?gsg:flgqo;tem of
and %etworkg' meet building insulation priority buildings combined Iow-terg 'erature dFi)str)i/ct
heat demand ‘mainl measures and some with expansion or heatin gnd high-efficienc
Local heat with new individualy boiler replacements with  conversion of efficient individ%al s stgms e hgat
planning as or biomass more efficient models; district heating using large umps) cowained wi.t%
goilers and limited small improvements in heat pumps and waste fhernﬁal,stora e and demand-
o district heating efficiency  heat; targeted temperature  _. storage and de
network optimisation. . . : . side flexibility to minimise
where it already exists. reductions in networks.
peak heat demand.
Continue current Encourage more efficient Strong EV p romot|or_1, Ambitious reduction of car
. : broader shift to public dependence through
trends: gradual EV vehicles (e.g. standards), transport and active compact urban planning
uptake driven by limited EV support, basic . ) . . ’
Urban market forces; limited _ traffic management modes; integrated tra_fﬁc_: extensn_/e publlc_: _transport
transport chanaes in vehicle measures: small management and logistics and active-mobility networks,
and mobility efficigncy' no major improvem'ents in public optimisation reduce combined with high EV
shift in mode share or transport and cycling congestion and_ fugl use, shares and_smart cha_rgmg;
traffic volumes infrastructure but_ roa_d capacity is largely ro_ac_i-c_apamty expansions are
’ ’ maintained. minimised or avoided.

From total discounted cost to performance metrics

Regardless of whether you work at option, portfolio or system level (

7), every EE1st analysis should start from the same basic step: add up and
discount all relevant costs and benefits over the assessment horizon.
introduced a comprehensive cost-item framework (Table 4), showed which items
matter under each perspective (

5) and outlined practical quantification approaches (Table 6). Applying that
framework and discounting over time gives you, for each option or variant, a total
discounted cost (or total net cost) from the societal, private or state-budget
perspective.
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9 below shows how this basic total-cost metric can be expressed and turned into
familiar performance indicators.

From there, you can proceed in two ways:

Optimisation approach: An energy-system or planning model uses the societal total
discounted cost as its objective function and chooses the mix of efficiency, flexibility
and supply options that minimises this cost (see above). The model result already
gives you the least-cost EE1st-consistent solution for society. On top of this, you
can recompute total discounted costs from the private and fiscal perspectives (

5) and break them down by socio-economic group, including energy-poor
households ( )-

Variant approach: You define a NOEFF reference and one or more ambitious variants
(e.g. LOWEFF, MEDIUMEFF, HIGHEFF) as in . For each variant, you calculate the
total discounted cost from the societal perspective ( ). The differences between
these totals (EE variants vs. NOEFF) are then expressed through simple indicators,
showing the added value of putting efficiency first.

9 summarises the main performance metrics that can be derived from total
costs. The same logic can also be applied from the private and state-budget
perspectives by using the corresponding cost items.

Table 9. Performance metrics to compare EE1st variants with a NoEff reference

Metric Description Formula Unit How to interpret
J Lowerd r means lower total cost.
T_otal ngrall 25 @ GO ] ; Fi This is the fundamental indicator
ki Variant over the A R E and, in optimisation, the objective
cost (TDC) assessment horizon. 4 # » IN optin ’ )
to be minimised.
Incremental . If6 &o T variant’ is preferable to
net present I;):;Incic?st savings of 00D YS Y& € NOEFF (it reduces total cost). The
value (NPV) relative to NOEFF larger the NPV, the more beneficial
’ the energy efficiency variant.
Values below 1 indicate that variant’
EEN TS M Total cost of variant Y& is cheaper than NOEFF (beneficial);
ratio (BCR) ' relative to the NOEFF 6 oY v - the smaller the ratio, the larger the
total cost. cost saving. Values above 1 indicate
higher cost than NOEFF.
tg:;al;ed Average cost per unitof .o YO Lower LCOE indicates that, on
energy energy delivered under B Op €/MWh  average, each unit of energy is
(LCOE) each variant. P delivered at lower cost.
Total cost expressed as Expresses each variant’s total cost in
Annuity of . P I p €/year instead of € over the whole
an equivalent constant o] YO t €lyear - " -
total cost P P horizon "Y This can make results
yearly amount. : .
easier to interpret.
Symbol Description Unit
“YO O Total discounted cost €
o] Cost (see ) €
Discount rate (see ) 1/year
00 o Incremental net present value €
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Benefit—cost ratio (cost ratio) -

Levelised cost of energy

Energy MWh
Annuity of total cost €/yr
Description

Year

Number of years in the
assessment horizon

Variant (see )

To see how the performance metrics from

9 can be illustrated in practice, have a look at

for some examples from

recent studies on the EE1st principle. These use different ways of showing the

performance metrics through charts and figures.

Box 3. Practical illustrations from recent EE1st studies of the performance metrics defined in

Table 9

chart

Numbers for whole EU by cost item. Source: [36]
600
575
550

+20.80 +1.01 -1.68 -2.81 -3.90

-0.42

Figure 3. Annuity of total cost 0 for a LOWEFF vs a HIGHEFF scenario, shown as a waterfall
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Numbers for exemplary municipal districts in three EU countries. Source: [37]
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Figure 4. Levelized cost of energy 0 6 0 f@r different building renovation and heating options,
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Issue 03: Be clear what you are comparing and use consistent
performance metrics

Checklist

Be clear what you are comparing: Specify whether your EE1st assessment is
at option, portfolio or system level (

O 7), and ensure all compared variants (e.g. NOEFF, HIGHEFF) deliver the
same outcomes (especially emission targets).

[0 Start from total discounted costs using a common cost-item framework:
For each variant and perspective (societal, private, fiscal), build total costs
consistently using the cost items and valuation approaches in

I Derive and report a consistent set of metrics: From these total costs, calculate
simple, comparable indicators across all variants (e.g. incremental NPV) so that
the added value of “putting efficiency first” can be clearly seen.
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Discount rates and their effects

Discount rates allow to consider opportunity costs in the form of expected returns if the
resources were invested elsewhere on the market. Moreover, they are necessary to
account for the decreasing value of money and thus, the lower value of returns
occurring far into the future compared to costs arising in the present. Thereby, future
revenues are made comparable with investments, which generally occur upfront.

As such, energy cost savings ‘O 6gained in Y0 years have a different present value
‘00 i , depending on the applied discount rate| than the same energy cost savings
occurring in the reference year:
Oo 0o 0 v

Therefore, an underestimated discount rate undervalues alternative allocations of
necessary investments. In contrast, an overestimated discount rate underrates
expected future revenues, selling project’s cost-effectiveness short. For instance, the
financial assessments of the Fit-for-55 package were done using an absurd 10%
discount rate, resulting in a dwarfing of future benefits and worse CBA results than
warranted [38].

However, the discount rate depends on a variety of factors, first and foremost on the
nature of the investor. While private actors mainly look at the monetary returns, states
need to consider and weight welfare effects, resulting in different discount rates, which
are both described in the following sections.

Private discount rate

The private discount rate (PDR) || describes the opportunity costs for private actors,
accounting for alternative use of allocated resources and consequential returns on
investment. Thus, when setting a fixed PDR, the go-to approach is to use the hurdle
rate, the minimum rate of return to cover the costs of capital as well as investors’
incurred running costs.

The hurdle rate corresponds to private actors’ Weighted Average Cost of Capital
(WACC) . However, finding an adequate WACC is rather complicated, as it depends
on a myriad of factors. Although there are national overviews of typical sector-
dependent WACC ranges, the effective cost of capital may vary from case to case,
inter alia due to differences in project risks and actors’ creditworthiness [39].

Stating default discount rates is quite difficult, since the WACC is closely intertwined
with inflation. Thus, sharp year-on-year changes are nothing out of the ordinary. The

35/68


https://ieecp.sharepoint.com/sites/LIFE-2022-EE1st/Shared%20Documents/WP3%20Resources/A1_CostBenefitAnalysisGuidance/Resource_A1_CostBenefitAnalysisGuidance.docx#_Glossary
https://ieecp.sharepoint.com/sites/LIFE-2022-EE1st/Shared%20Documents/WP3%20Resources/A1_CostBenefitAnalysisGuidance/Resource_A1_CostBenefitAnalysisGuidance.docx#_Glossary

enefirsto

Plug Energy Efficiency

IEA published a range of 4.7% to 6.4% for renewable projects in advanced economies
in 2022.2 Yet, more fine-grained analyses in these countries see stark variations
exceeding this range on both ends, strongly depending on concerned technologies [40]
and country of implementation.

Social Discount Rate

In contrast, the Social Discount Rate (SDR) | | reflects the long-term opportunity cost
of resources for society as a whole and is used in economic appraisal to acknowledge
that consumers prefer to consume goods and services over time. This means that
resources allocated to one project have alternative uses that are forgone [17].

Various estimation approaches for the SDR have been proposed, with the
recommended method being the social rate of time preference (SRTP) ... This is
defined as the rate at which consumers are willing to defer a unit of current
consumption for greater future consumption.

Member States can determine their specific SDRs using the formula provided in Annex
Il of the 2014 CBA guide. Reference [41] offers estimations of the SDR at the national
level for several countries, indicating a range from a maximum of 8.13% (Estonia) to
0.8% (ltaly), calculated via the SRTP method. The EU average SDR is 3.6%, with a
median value of 2.8%. Consequently, in the absence of national values, a 3% SDR is
recommended as a reference point for EU-funded projects for the period 2021-2027
[17].

Issue 04: Apply appropriate discount rates

[0 Select the perspective: Decide whether the private or societal discount rate is
necessary to assess your case.

I Find the right discount rate: Depending on your country and sector as well as
project specifics, different discount rates might be warranted.
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What are transfer payments?

Transfer payments || are monetary flows created by policy (e.g., taxes, subsidies,
levies, permits) that shift money between actors — households, firms, government —
without using real resources (labour, materials, fuel, land) and without directly
changing physical outcomes (energy produced/used, emissions).

How each perspective should treat transfer payments

Building on the cost-item framework in Issue 02 ( &

5), transfer payments show up very differently depending on the perspective.
Getting this right is key to avoiding bias and double counting in EE1st appraisals.

e Societal (economic) perspective: Strips out transfer payments (taxes,
subsidies, levies, ETS payments, carbon taxes) as pure redistributions that do
not change total resource use. Instead, it adds the underlying externalities (e.g.
climate and health damages) and keeps real administrative costs of policies (staff
time, IT systems), because those consume resources.

e Private (financial) perspective: Keeps all transfers in, because they directly
affect the project owner’s cash flow and investment decision. Grants, tax credits,
levies, and carbon prices all change the apparent profitability and therefore
whether an efficiency option is adopted without further support.

e State-budget (fiscal) perspective: Focuses on the same transfers but from the
public side: subsidies, tax expenditures and programme costs are outflows, while
energy taxes, ETS auction revenues and levies are inflows. Administrative costs
of running schemes are also included, since they are real expenditures for the
treasury.

How to distinguish transfer payments from real costs

When in doubt, it helps to ask two simple questions about each cost item ( &
5):

(1) Does this payment buy real resources or reflect a real external effect?

(2) Or does it simply move money between actors because of a policy choice?

If the answer to the question (1) is “yes”, it should be treated as a real cost or benefit
in a societal CBA:

e Capital, fuel and O&M: expenditures that pay for equipment, labour, fuel or other
inputs that are actually used.
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¢ Network charges to the extent they recover real network capex, O&M and
losses; these reflect the cost of building and operating the grid.

e Public administrative costs of running programmes (e.g. staff time, IT systems,
outreach) because they use real resources.

e Externalities such as health, climate, noise and land-use impacts, which affect
welfare even if they do not appear on any invoice.

If, instead, the payment only moves money between actors due to a policy, without
itself changing physical flows or damages, it should be treated as a transfer:

e Taxes, fees and levies on energy, equipment or property (e.g. VAT, excise
taxes, RES surcharges, CHP/RES levies).

e Subsidies and grants, including investment grants, rebates, tax credits, capacity
payments or CfD top-ups.

e Tradable permits and carbon taxes as cash flows, such as EU ETS payments
or carbon-tax bills.

Using these two questions consistently helps ensure that the societal CBA records
only real resource use and real welfare impacts, while keeping transfer payments
visible in the private and fiscal perspectives.

Practice: why correcting for transfer payments matters in a societal CBA

The distinction between real resource costs and transfer payments can feel abstract
until you see how much it can shift a result. In many practical EE1st applications,
analysts start from a financial cashflow that already includes grants, taxes, levies and
carbon prices, and then try to “convert” it into a societal CBA. If transfer payments are
not removed, the comparison between efficiency and supply can be heavily distorted.

To make this concrete,

4 walks through a stylised example of a single heat pump in a dwelling. It shows
(i) how to calculate the correct annual cost from a societal perspective, and (ii) how
two common mistakes — treating a grant as an economic saving, and counting both
electricity taxes and a Social Cost of Carbon — push the result in opposite directions.

Box 4. Heat pumps — how transfer payments can skew the result in a societal CBA

Context

To see why transfers must be corrected in a societal CBA, consider a homeowner
who installs a heat pump and receives a grant. We look at its annualised cost under
three variants: (1) correct societal treatment, (2) an error where the grant is treated
as a real resource saving, and (3) an error where we count both electricity taxes and
a Social Cost of Carbon (SCC).
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Table 10. Assumptions (per year, simplified)

Parameter Value

Annuitised investment (before grant) 700 €/year

Grant (annualised, if wrongly treated as cost reduction) NEWESYCEN

O&M costs 100 €/year
Electricity use 3,000 kWh/year
Retail electricity price 0.30 €/kWh

... of which: resource-cost component 0.20 €/kWh

... of which: carbon/energy tax 0.05 €/kWh

... of which: other taxes/levies 0.05 €/kWh

Grid emission factor 0.30 tCOFMWh

Emissions per year 0.9 tCOHyear

Social Cost of Carbon (SCC) 150 €/tCOF (=135 €ly)

Table 11. Annual cost of the heat pump — correct vs. two transfer errors

Error (b): electricity taxes +
social cost of carbon double
counted

Correct societal Error (a): grant treated as real

Cost component -
P annual cost saving

Annuitised investment 0] 560 (700 - 140 grant)
100 100 100

S ETGTGIWAIEI Zd SV @l 600 (3,000 x 0.20) 600 -

Electricity — full retail = = 900 (3,000 x 0.30)

Climate damage (SCC x
0.9 tCOR

135 135 135

Total annual cost 1,535 1,395 1,835

Interpretation

¢ Inthe correct societal CBA, the annual cost is 1,535 €/year, based on real
resource use plus climate damage.

e Error (a) understates societal cost (1,395 €/year) by treating the grant as if it
saved resources, instead of just shifting who pays.

e Error (b) overstates societal cost (1,835 €/year) by using the full taxed
electricity price and then adding SCC on top — effectively charging for
emissions (and other taxes) twice.

When comparing the heat pump to a gas boiler, either mistake could flip the
ranking: in one case the heat pump looks too cheap, in the other too expensive.
Correcting for transfer payments is therefore essential for an unbiased EE1st
comparison.
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Issue 05: Correct for transfer payments
Checklist

[1 Separate real costs from transfers: For each cost item, check whether it buys
real resources or simply redistributes money via policy.

LI Strip transfers in the societal CBA: Remove taxes, subsidies, levies and permit
payments from the societal cost ledger; keep externalities and admin costs in.

[0 Keep transfers in private and fiscal CBA: Retain taxes, grants, levies and
carbon prices in the financial and state-budget perspectives to reflect cash-flow
and budget impacts.

[0 Avoid double counting carbon and other externalities: Use either price-
based (tax/ETS) or damage-based (SCC, damage factors) valuation — never both
for the same impact.
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Why system-level effects matter under EE1st

Energy efficiency does more than reduce a project’s own kWh or fuel use — it changes
how the whole energy system operates. When demand is lower, or shifted in time,
different power plants are built and dispatched, different grids are reinforced (or not),
different amounts of renewables are curtailed, and different volumes of fuel are
imported. If a CBA only looks at average kWh savings on a single customer’s bill, it
misses these system-level effects and risks undervaluing (or overvaluing)
efficiency compared with new supply infrastructure. Under EE1st, authorities are
expected to consider whether a given measure improves the efficiency of the entire
system — generation, networks and demand — not just the customer’s meter.

This is where the distinction between average and marginal values becomes
critical (see ). An
insulation programme that cuts winter evening peak demand may avoid expensive
peaker capacity, local network reinforcement and high-carbon generation, even if its
annual kWh savings look modest. Conversely, a measure that mainly reduces off-peak
consumption in a system with abundant renewables may deliver fewer avoided costs
and emissions than an average €/ MWh or tCOFMWh suggests. The aim of this Issue
is therefore to help you translate efficiency solutions into time- and location-sensitive
system impacts — on capacity, dispatch, networks, imports and emissions — and then
bring those impacts back into the cost items defined in ( ), so that EE
solutions and supply-side options are compared on a system-consistent basis.

From project-level savings to system-level impacts

Project assessments often stop at “kWh saved x average price”, which is a project-
level, average-based view. Under EE1st, the more relevant question is what happens
at the system level, where marginal plants, constrained networks and RES curtailment
actually sit (see ). The 2x2 matrix in

12 below contrasts these perspectives for two different measures: a building
insulation programme and a demand-side flexibility measure such as smart EV
charging or automated load shifting.

Table 12. Project-level vs system-level view for two energy efficiency solutions

Project-level view (using average values) System-level view (using marginal effects)

Focus on annual kWh and bill savings: less Winter peak demand falls; peaker plants run less or are not
Building energy for heating, valued at the average retail built; local network reinforcement can be deferred. Avoided
insulation tariff. No explicit treatment of when savings costs and COFare highest in peak hours with high marginal
occur or which plants/networks are affected. prices and emission factors (see )-
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Load shifts from expensive, carbon-intensive peaks to
cheaper, cleaner hours; reduces need for peak capacity,
RES curtailment and balancing energy. Main value comes
from avoided marginal generation and network costs, not
from total kWh (see ).

Annual kWh hardly changes; if valued only as

Bl EH “kWh saved x average price”, the measure

flexibility . : ;
(DSF) appears to deliver little benefit and may look

“inefficient”.

This contrast is exactly why Issue 06 matters: if we only look at the left-hand column,
we risk undervaluing measures like DSF and peak-focused insulation that deliver much
of their benefit through marginal capacity, network and emission effects.

Box 5. Average vs. marginal values — why they matter for EE1st CBA

Average vs. marginal — what’s the difference?

In energy analysis, an average value divides total cost or emissions by total output
(e.g. total network revenue + total kWh delivered — ct/kWh). A marginal value
reflects the extra cost or emissions of supplying (or avoiding) one more unit — at a
specific time, location and system state. Under EE1st, the relevant value is usually
the cost and emissions it avoids at the margin, not a yearly average.

When average values are “good enough”
Average prices and emission factors are often sufficient for:

e Private (financial) analysis, e.g. bill savings = kWh saved x average retail
price.

¢ Very small or early-stage projects, where the impact on the wider system is
negligible or unknown.

e Communication and high-level screening, e.g. “the programme saves X
GWh and avoids Y kt COF.

When you really need marginal thinking

For a robust societal CBA and for system-level EE1st assessments, averages can
be misleading because not all kWh are equal:

e Generation costs: avoiding 1 MWh on a mild spring night is very different from
avoiding 1 MWh on a cold winter peak. The latter may displace expensive
peaker plants; the former might only reduce low-cost RES output or curtailment.

¢ Network costs: reinforcement decisions (new transformers, lines, substations)
are driven by peak load at specific locations, not by annual kWh. An insulation
programme that lowers peak in a constrained feeder can avoid significant €/kW
of network investment — a value that is invisible in generic ct/kWh tariffs.

e Emissions: in a high-RES system, the average grid factor may be low, but the
marginal plant at peak can still be gas or coal. Peak-time efficiency can
therefore cut much more COFthan an annual average factor suggests.
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Methods to estimate system impacts: from simple to advanced

EE1st does not require everyone to run a full multi-energy model. What matters is that
the method is proportionate to the decision and that you are clear about what is
captured — and what is not. In practice, three levels of ambition are common: (1) flat,
project-centric screening, (2) sector-focused infrastructure planning (often heat-
focused), and (3) integrated energy-system modelling ( ).

Level 1 - Flat, project-centric screening (average values only)

At this level, analysis stays at the kWh x average price stage. Annual energy savings
are multiplied by average retail tariffs, average generation costs and average emission
factors. There is no explicit representation of load profiles, peak demand or network
constraints, so avoided capacity and marginal effects are not captured (see

). This is standard in small projects and early scoping. It is quick and transparent, but
misses the extra value of measures that target specific peaks or locations.

Level 2 — Sector-focused infrastructure planning

Here, planners use spatial and temporal models for one energy vector, typically
heat. Municipal heat plans and district heating tools (such as City Energy Analyst,
THERMOS and similar) optimise DH networks, pipe sizes and heat sources based on
local demand profiles and temperatures. They capture system-level effects within the
heat system — e.g. avoided boilers, storage, pipe reinforcement — and sometimes the
electricity demand of large heat pumps. However, the wider electricity, gas or hydrogen
system usually appears only via exogenous prices and emission factors, so broader
power-system impacts remain average-based rather than truly marginal.

Level 3 — Integrated energy-system modelling

At the most sophisticated level, dispatch || and capacity-expansion models |||
(power-only or multi-energy) represent hourly demand, networks and technologies in
detail. Open-source examples include PyPSA and other energy system models and
national planning tools. Efficiency, electrification and demand-side flexibility appear as
changes in demand profiles, efficiencies and flexibility constraints; the model then
endogenously determines which plants and lines are built, when they run, how
much RES is curtailed, and how much fuel and COFis used. From these results,
you can derive avoided generation and network capex (A1), reduced fuel and O&M
(A2), changes in system energy costs (A4) and changes in emissions (C1) in a way
that is consistent with marginal prices and emission factors across time and space.

Table 13. Methods to estimate system impacts — from simple to advanced

Typical tools / Resources needed (data, When it's

What you do

examples expertise, time) appropriate
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1. Flat project-
centric
screening

2. Sector-
focused
infrastructure

planning (heat)

3. Integrated
energy-system
modelling

Annual energy savings
x average prices /
emission factors; no

explicit peak, capacity or

network modelling.

Spreadsheets,
simple CBA
calculators, audit
tools.

Basic demand estimates, prices,
emission factors; Excel skills;
hours to days.

Small projects, early
scoping, limited data
or modelling capacity.

Model heat demand, DH

networks and heat
sources in time/space;
optimise DH
infrastructure; treat
electricity/gas via
exogenous
prices/factors.

Municipal heat
plans; City Energy
Analyst, THERMOS
and similar DH
planning models.

Local GIS and building data, heat-
demand profiles;
planner/consultant expertise;
weeks per study.

Local/regional heat
planning where core
EE1st choices
concern DH vs
building-level options.

Dispatch / capacity-
expansion models

(power or multi-energy);

represent EE/DSF

explicitly; derive avoided

capacity, fuel, system
costs, emissions.

PyPSA-based
models; national
power/energy
planning models.

System-wide
demand/generation/network
datasets; modelling expertise;
weeks to months for set-up and
scenarios.

National strategies,
TSO/DSO plans,
major infrastructure
and policy packages
with system-wide
EE1st implications.

What difference does a whole-system (marginal) analysis make?

Moving from flat, project-level averages to system-level marginal values is not just a
technical refinement — it can change the order of magnitude of benefits you attribute
to energy efficiency and flexibility. The examples below use stylised numbers to
illustrate how EE1st conclusions shift once system effects are captured.

Example 1 — Building insulation in a winter-peaking system
A programme saves 10 GWh/year of electric heating.

e Yearly flat average view: 10 GWh x 60 €/ MWh average yearly generation cost
= 600 k€/year avoided cost.

e Seasonal system marginal view: assume 60% of savings in winter peaks at 90
€/MWh and 40% off-peak at 30 €/ MWh. — (6 GWh x 90 €/ MWh) + (4 GWh x 80
€/MWh) = 660 k€/year avoided cost.

So, the marginal view suggests 10% higher savings than the flat average.
Example 2 — Demand-side flexibility for EV charging

Smart charging shifts 5 MW of EV load away from 200 peak hours to low-load hours;
total kWh unchanged.

e Flat average view: 0 kWh “saved” t
savings.
e System marginal view: shifted energy =5 MW x 200 h = 1,000 MWh.
o Marginal cost difference: 200 €/ MWh (peak) vs 20 €/ MWh (off-peak).
— (200 - 20) €/MWh x 1,000 MWh = 180 k€/year operating cost reduction,
o plus avoided peaker capacity, e.g. 5 MW x 150 €/kW-yr = 750 k€/year.

almost no benefit if you only value energy

Overall: Around 930 k€/year system benefit that the flat kWh view completely misses.
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This demonstrates the need for system-level, marginal analysis wherever the
impacts on peaks, networks or dispatch are material. Otherwise, efficiency and
flexibility will look less attractive than they really are from a societal point of view.

Issue 06: Measure effects on the entire energy system

Checklist

[0 Look beyond kWh and bills: Identify which parts of the energy system are
affected (generation, transmission, distribution, imports, emissions) instead of
valuing only project-level energy savings.

0 Use system-aware methods and marginal values where it matters: Choose
a method proportionate to the decision (from simple averages to full system
models) and, for measures that affect peaks or networks, rely on time- and
location-specific marginal costs and emission factors (see )-

[0 Feed system impacts back into your CBA consistently: Translate avoided
capacity, fuel, system costs and emissions into the relevant CBA cost items
( ) and document key assumptions so that efficiency and supply options
are compared on the same system-wide basis.
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Distributional effects of energy efficiency programmes

Energy efficiency programmes are prone to lead to unequal distributional effects
, benefiting some households while disadvantaging others. Lower-income
households may struggle to invest four- or five-, let alone six-digit upfront costs for
energy-efficient technologies, potentially widening the gap in energy costs and
savings. Additionally, policies promoting energy efficiency may inadvertently favour
wealthier communities that have better access to resources and information.

Moreover, a higher share of owner-occupiers in high-income brackets means energy
cost savings will benefit themselves, whereas landlords’ potential investments primarily
serve their tenants, leading to a split-incentive and many landlords shying away from
cost-effective but costly building retrofitting measures. This leaves tenants dependent
on their landlord’s goodwill, an effect overwhelmingly affecting low-income brackets,
due to lower owner-occupier rates.

In order to address these issues, an energy poverty ringfence has been enshrined
in the recast EED’s Article 8, ensuring that a share of savings equal to the energy
poverty rate is achieved among energy poor households. However, this does not
necessarily translate to the EE1st principle.

Affluent households require lower subsidies

A fundamental issue with regard to distributional effects is the varying need for
substantial subsidies for different wealth and income brackets. Affluent households
might stem upfront costs from their petty cash or with a favourable loan with future
payback in mind, whereas low-income households generally do not have the savings
for such investments and would see their future revenues dwindle in light of higher
mortgage rates.

Thus, while subsidy rates of around 30%-40% might suffice to push affluent
households to implement energy efficiency measures, effective subsidy rates for
energy poor households tend to require at least double this rate (an effect that has
amplified calls for staggered subsidy rates) [42]. As a result, the funding efficiency of
building retrofitting among affluent households is significantly higher than among
energy poor households.

This issue is exacerbated in Energy Efficiency Obligation Schemes (EEOS) '/,
where obligated parties strive to achieve the highest savings for the lowest costs
possible, thereby heavily favouring measures among affluent households. While
energy poverty ringfences in EEOSs can alleviate this issue, obligated parties are still
incentivised to target energy poor households just shy of the threshold, given their
lower need for subsidies compared to the poorest households.
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CBAs are more than blind to distributional effects

Cost-benefit analyses are generally oblivious to distributional effects. When using
metrics such as total discounted cost or NPV, equations do not account for
beneficiaries’ socio-economic bracket. Whether energy cost savings go to energy poor
or affluent households does not have any impact on the calculation. Yet, the results
for these metrics for projects tend to be worse among energy poor households.

For LCOE, another issue arises: a core aspect of energy poverty being the inability to
keep one’s home adequately warm, a substantial share of expected savings is eaten
up by energy poor households increasing room temperatures to adequate levels. While
this effect is desirable, as it inhibits consequential health problems such as asthma or
excess cold weather mortality, it effectively reduces LCOE compared to a household
maintaining their prior temperature. However, at least in the framework of the EED,
this effect is mitigated by calculating savings under the assumption of no before-after
changes in room temperature.

Distributional effects need be considered alongside CBA results

While cost-benefit analyses are a great tool to objectively compare different projects
and approaches, they have a blind spot when it comes to distributional effects, which
can hardly be alleviated without jeopardising their objectivity. Thus, when considering
these ancillary effects, the only more or less objective solution would be to assess it
using multi-criteria analysis. Alternatively, the assessment of distributional effects
could be provided alongside CBA results, in order to put them into context and
perspective.

Issue 07: Assess distributional effects

O Analyse the effects: Assess whether all socio-economic brackets have equal
access to the proposed measures and that subsidies are also sufficient for
(energy) poor households.

I Include the findings: Integrate the findings into your analysis, either alongside
CBA results or in combination, i.e. in a multi-criteria analysis.
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Why risk and uncertainty matter under EE1st

EE1st decisions are almost always long-lived: deep renovations, machinery, or large-
scale efficiency programmes shape costs and emissions for decades. Over those
decades, almost everything that matters is uncertain : fuel and COF prices,
technology costs, demand patterns, climate policy, and even how quickly other parts
of the energy system decarbonise. A single “best-guess” CBA that fixes all of these
inputs at one central value can give a false sense of precision and may mis-rank
options that are actually more robust or less risky for society in the long run. In this
context, incorporating risk and uncertainty into EE1st appraisals serves two purposes:

e It makes the analysis more robust about the range of plausible futures: rather
than pretending we know the gas price or COF price in 2040, we explore how
results change under different assumptions.

e |t reveals the risk-related value of energy efficiency and demand-side
solutions: they often reduce exposure to volatile fuel and carbon prices, to
capacity and adequacy risks, and to future policy tightening (see )-

At a minimum, EE1st-aligned CBAs should therefore move beyond a single
deterministic case and show how key results respond to variation in a few critical
drivers (e.g. fuel prices, technology costs, discount rates). This Issue sets out simple
and more advanced ways to do this in a transparent, proportionate manner.

What types of uncertainty matter in EE1st CBA?

Not every unknown needs to be modelled. For EE1st purposes, it helps to be
systematic: identify a small set of uncertainties that can realistically change the
ranking between efficiency and supply-side options, and then treat those explicitly. In
energy-sector CBAs, the most influential uncertainties usually concern markets and
prices, technology development, demand and behaviour, policy, and the evolution of
the wider system (e.g. RES share, electrification).

14 below provides a compact map of key uncertainties. It does not prescribe
what must be modelled in every case, but it highlights where uncertainties matter. Later
sections then show how you can explore these uncertainties through sensitivity and
scenario analysis, from very simple to more advanced approaches.

Table 14. Key uncertainty categories for EE1st-related CBAs

Category Typical uncertain parameters Examples in EE1st context
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Future gas—electricity price spread for heat pumps
vs gas boilers; long-term COF price under ETS/ETS
Il

Market & price Fuel prices (gas, oil, biomass), wholesale
uncertainty electricity prices, COF prices, interest rates

Future costs of heat pumps, building retrofits,
machinery and appliances; performance of new EE
technologies

QG G G AL X8 Investment costs, learning rates, lifetimes,
performance efficiencies, utilisation factors

Demand & Heat demand trajectories, uptake rates, Actual vs expected savings in a renovation
behavioural rebound, occupancy patterns, user operation programme; EV adoption; comfort-driven rebound

Carbon pricing, energy taxes, efficiency Loosening or strengthening of COF pricing; bans on

oty S standards, phase-out dates, subsidy schemes  fossil technologies; changes in support for DH

RES deployment, electrification pace, power
A Gl CREENET mix, network constraints, fuel import
dependence

High-RES vs moderate-RES futures altering
emission factors and avoided capacity values

Discount rates, macroeconomic shocks, access Macro shocks affecting energy demand; credit

el 2 Ll to finance conditions for households; public spending on EE

Levels of risk & uncertainty analysis: from basic to advanced

There is no single “correct” way to handle uncertainty in EE1st CBA. What matters
is that the approach matches the importance and scale of the decision, and that you
show how results change when key assumptions move. At a minimum, this means
going beyond a single base case and testing how sensitive net benefits are to fuel
prices, technology costs, discount rates and other critical drivers. For larger
programmes or strategic plans, more structured scenario analysis or even
probabilistic methods can provide a clearer picture of robustness and downside risk.

Table 15. Approaches to risk and uncertainty in EE1st CBA

Approach What you do Outputs When to use
Base case + Define a transparent central case; vary  Range of NPV/LCOE/LCOH . R
simple key parameters (e.g. fuel prices, capex, results; simple ranking of Most pr OJeCt'IeV?I QBAS‘ limited
e e ) o . . modelling capacity; first EE1st
sensitivities lifetime, discount rate) by +X% or which assumptions matter .
L . - compliance step.
(minimum) low/base/high values, one at a time. most.
Scenario Build a small set of coherent scenarios Option performance per Programmes and plans (e.g
X where multiple drivers move together R e o A . RN
analysis (e.g. “High fossil prices & strict climate scenario; identification of municipal or national);
(structured pc;liéy“ “Slow transition & low COF robust opti_ons and high- compa_ring EE vs supply
futures) price”) and recalculate CBA in each. regret choices. portfolios.
. S Major, long-lived investments or
Probabilistic Oasrsi';gbrrezr'or?;brl:taynfllssti;bjgggzst(iok?t/)tain Expected net-benefits, policy packages where robust
lanalysis a distribu’tion of net benefit for each downside risk metrics (e.g. probability data exist and
(advanced) . value at risk). communication capacity is
option. higher.

summarises three levels of ambition. They build on each other: simple
sensitivities are the minimum EE1st standard; scenario analysis groups uncertainties
into coherent futures; and probabilistic analysis adds a fully quantitative view of risk
where data and capacity allow.
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Box 6. Energy efficiency as a hedge against price volatility

Energy efficiency does not only reduce expected energy costs; it also lowers
exposure to fuel-price volatility. A well-insulated building or an efficient heating
system buys less fuel each year, so swings in gas or oil prices translate into a much
smaller change in total expenditure. From a risk perspective, this makes efficient
options a hedge: they reduce downside risk in high-price futures, even if the central
price assumption in the CBA were to turn out wrong.

Example: two houses with different gas demand
Assume two identical dwellings, heated only with gas:

e House A (no retrofit): 20 MWh/year gas demand
e House B (after retrofit): 10 MWh/year gas demand

Future gas prices are uncertain. We consider three simple futures:

Table 16. Annual heating cost under different gas-price futures

Scenario Gas price (€/MWh) House A: no retrofit (€/year)
Low price 40 800 400
Central case 80 1,600 800
High price 120 2,400 1,200

House B: efficient (€/year)

Interpretation

¢ In the central case (80 €/ MWh), the retrofit saves 800 €/year. Looking across
futures, the spread of possible heating costs is much larger for the inefficient
house (800-2,400 €/year) than for the efficient one (400-1,200 €/year). The
efficient house’s worst case is equal to the inefficient house’s central case.

e From a societal and private risk perspective, the retrofit therefore reduces
downside risk: in high-price futures, households and the wider economy are
less exposed to fuel-price shocks, even if the base-case CBA did not fully
anticipate how high prices might go.

Q Issue 08: Incorporate risk and uncertainty analysis
Checklist

O Identify the few uncertainties that really matter: Focus on drivers that can
change the ranking between efficiency and supply options (e.g. fuel and COF
prices, key policy choices), rather than trying to model every possible unknown.
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[0 Go beyond a single base case: At minimum, run simple sensitivity tests or a
small set of coherent scenarios (low/base/high) for critical parameters so that
decision-makers see how net benefits change across plausible futures.
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Why CBA is central under EE1st — but not sufficient

CBA sits at the heart of EE1st because it provides a common yardstick for comparing
energy efficiency with supply-side options. EU legislation — in particular the EED and
Better Regulation guidance — requires that major public investments and policy
packages demonstrate that they deliver net societal benefits relative to realistic
alternatives. A well-designed CBA forces analysts to be explicit about assumptions,
time horizons, and whose costs and benefits are counted. In the EE1st context, it is
the main tool for showing that an efficiency solution, a network investment and a
generation asset are compared on the same footing.

At the same time, CBA is not the whole decision. Some impacts are hard or
inappropriate to monetise, such as cultural values, certain environmental damages, or
questions of fairness and acceptability. CBA can show which options are cost-efficient
in aggregate, but it does not, on its own, decide whether resulting distributional
outcomes, risks or non-monetised impacts are acceptable. Under EE1st, the role of
CBA is therefore to provide a transparent, structured baseline for comparing
options, which is then complemented by other tools — in particular, multi-criteria
assessment — to arrive at fair, legitimate and practical decisions.

Limitations of CBA: what is hard (or wrong) to monetise

CBA works by expressing diverse impacts in a common monetary unit. This is
powerful for market-based effects and some externalities where robust valuation
methods exist (e.g. COF prices) (see Table 6 in ). But many impacts relevant
for EE1st are either very hard to value in money, or it is ethically or politically
questionable to do so. Examples include cultural and landscape values, certain
distributional concerns, or irreversible environmental damage. Trying to force all of
these into euros can create a false sense of precision, invite controversy, and
obscure normative choices that should be made explicitly by policymakers.

17 illustrates common impact areas where monetisation is difficult or contested,
and suggests how they can be handled without overloading the CBA.

Table 17. Examples of impacts that are difficult or inappropriate to monetise in CBA

Impact area Examples in an EE1st context Why monetisation is problematic / how to handle it

Health and life Distribution of health impacts across Statistical life values exist but are ethically sensitive and
beyond standard vulnerable groups; extreme mortality risk in  uncertain; complement monetary values with qualitative
values rare events (e.g. blackouts in cold spells).  judgement and legal/public-health standards.

Habitat fragmentation from new grids; Ecosystem services can be valued partially, but many
impacts on protected areas from pipelines  losses are irreversible or unique; treat protected sites via
or wind farms. qualitative assessment, not just €/ha.

Biodiversity &
ecosystem integrity
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(BT CIE T CWATT =1 Visual impact of overhead lines or wind
heritage & place
identity

Local meaning and heritage value are hard to capture
with WTP surveys; better treated as explicit criteria in
MCDA and through planning/heritage processes.

farms; alteration of historic urban fabric by
deep retrofit or DH networks.

Impacts of tariff changes or levies on low-
income households; ability to afford
adequate heating/cooling.

Assigning a single €/unit weight does not capture fairness
or rights-based concerns; use distributional analysis
alongside CBA ( ).

Energy poverty &
basic needs

Some aspects can be costed (back-up capacity), but
societal disruption is only partly monetisable;
complement CBA with reliability metrics and security-of-
supply standards.

STTITG AT YT oo\ Risk of prolonged outages, critical
resilience beyond infrastructure failure, or extreme-weather
cost stress on the system.

From CBA to MCDA: bringing in non-monetised values

Once you accept that not every relevant impact can or should be squeezed into a euro
value, the question is: how do we still bring those aspects into the decision process
in a structured way? Multi-criteria decision analysis (MCDA) | is one of the main
answers. It complements CBA rather than replacing it: you keep CBA as the best
available summary of monetizable impacts, and then place it alongside other criteria
that capture social, environmental or procedural values that are hard to monetise.

Two simple contrasts help to clarify the relationship:

e CBA condenses all monetised costs and benefits into a single net-benefit
metric, which is powerful for efficiency comparisons but weak at making non-
monetised values and equity concerns visible.

e MCDA keeps multiple criteria side by side, including at least one CBA-based
metric, and lets decision-makers and stakeholders assign explicit weights to
reflect priorities such as equity, landscape, energy poverty or acceptance.

18 summarises how CBA and MCDA differ.

Table 18. CBA and MCDA — how they differ and how they fit together

Aspect Cost-benefit analysis (CBA)

“Which option has the highest net societal

Core question benefit in €7”

Multi-criteria decision analysis (MVCDA)

“Which option performs best across several criteria
we care about?”

il arg LCOE, €/COF, etc.).

Monetised costs and benefits over time (NPV,

A set of quantitative and qualitative scores for
different criteria.

Treatment of non-

monetised impacts values.

Often omitted or forced into uncertain €/unit

Can appear as separate criteria (e.g. landscape,
acceptance, heritage).

Distributional & equity
aspects

Only visible if analysed separately (see

); equity weights rarely used in practice.

Can include explicit criteria for energy poverty,
regional balance, vulnerable groups.

Transparency of value
judgements

Value choices embedded in parameters
(discount rate, SCC, etc.).

Value choices made explicit via weights and
thresholds on criteria.

Provides the efficiency benchmark: which
options maximise net welfare.

Typical EE1st role

Integrates CBA results with non-monetised and
distributional concerns to support the final decision.
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How to combine CBA and MCDA in EE1st practice

In EE1st, the most practical approach is not “CBA or MCDA”, but CBA first, MCDA on
top. You use CBA to do the best possible job on all monetisable and system-level
impacts, and then embed that result as one key criterion within a broader, more value-
explicit MCDA that also reflects non-monetised and distributional concerns.

A simple workflow looks like this:

1.

Define the decision and option set: Specify the EE1st decision (e.g. “DH vs deep
renovation vs gas boilers”) and the options to compare, ensuring that efficiency and
supply-side solutions are represented on a comparable footing.

. Do the best possible CBA first: For each option, carry out a societal CBA using

the guidance from previous Issues, including comprehensive cost items ( ),
appropriate discounting ( ), correct treatment of transfers ( ),
system-level effects ( ), and basic uncertainty analysis ( ).

Identify non-monetised and equity-relevant impacts: List important impacts
that CBA does not capture well: landscape/heritage, energy poverty, local jobs,
acceptance, procedural fairness, irreversibility, etc. Also bring in results from any
distributional analysis ( ) showing who pays and who benefits.

Set up the MCDA criteria and weights: Build a criteria set where at least one
criterion is CBA-based (e.g. net benefit), and additional criteria cover non-
monetised and equity aspects. Agree simple scoring scales (e.g. 1-5) and
weights with decision-makers and/or stakeholders to reflect policy priorities.

Score options and examine trade-offs: Score each option on each criterion
(quantitative where possible, qualitative where needed), and aggregate according
to the chosen MCDA method. Use the results to visualise trade-offs: which options
score best overall, which do well on welfare but poorly on equity or acceptance,
and vice versa.

Test robustness and communicate clearly: Check how MCDA rankings change
if weights or key scores are varied. Present both the CBA outcome (including its
uncertainty range) and the MCDA results side by side, making explicit where the
final choice follows the CBA ranking and where non-monetised or equity
considerations justify a different EE1st decision.

Box 7. The Regio1st MCDA Excel Tool — a practical MCDA example for EE1st planning

The REGIO1ST Planning Framework offers planners a structured, eight-stage
roadmap to develop sustainable, cost-effective energy strategies that put the EE1st
principle into practice. It comes with a suite of ready-to-use tools (Excel, PDFs, etc.)
that support different stages of planning — from assessing local demand and
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potentials to prioritising concrete actions — and is aimed at regional planners,
technical staff and stakeholders across Europe.

A key element is the Excel-based MCDA tool, which helps planners prioritise up to
four alternative actions or investment options against a broad set of criteria. It groups
criteria into four dimensions — economic, environmental, societal and practical
feasibility — and applies a well-established MCDA algorithm (TOPSIS) to derive an
overall ranking. Users can combine hard data (e.g. costs, COF) with qualitative
scores (e.g. public acceptance, implementation barriers), assign weights to reflect
local priorities, and see transparently how different EE and supply options perform
when viewed through more than just a monetary lens.

Why this matters for Issue 09

e Makes value judgements explicit through weights and criteria, instead of
burying them in assumptions.

e Supports stakeholder involvement, as planners and stakeholders can jointly
select criteria and weights.

e Provides a practical template for complementing CBA with MCDA in regional
EE1st planning.

Check out the Regio1st Planning Framework here:

A concrete example of this combined CBA-MCDA approach is provided by the
Regio1st Planning Framework and its MCDA Excel tool (see ), which allows
planners to rank EE and supply options using both monetary CBA metrics and
additional social, environmental and feasibility criteria.

Issue 09: Understand the limits of CBA and complement with other
approaches

Checklist

[0 Check what CBA covers — and what it doesn’t: Start from your full cost-item
framework ( ) and be explicit about which impacts are already captured
in monetary terms (system costs, most environmental damages, etc.) and which
important aspects remain outside the CBA ledger (e.g. landscape and heritage,
energy poverty, acceptance, procedural justice, irreversibility).

[0 Use MCDA to bring non-monetised values into the decision: Treat the CBA
result as one key criterion (net benefit) and add further criteria for non-monetised
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and distributional concerns; use an MCDA framework (e.g. Regio1st’s Excel tool)
with transparent weights and scores so that these additional values visibly
influence the final EE1st choice instead of being hidden or ignored.
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3 References

Annuity (of total
cost)

Assessment
horizon

Average value
(price/emission
factor)

Benefit—cost ratio
(BCR)

Capacity-expansion
model

Cost-benefit

analysis (CBA)

Decision variant

Demand-side
flexibility

A constant yearly payment that has the same present
value as the total discounted cost over the assessment
horizon. Used to express project or variant costs in €/year
instead of a lump sum over T years.

The time period over which all relevant costs and benefits
of an option or variant are counted and discounted in the
CBA.

A value calculated as total cost or emissions divided by
total output over a period (e.g. total network revenue + total
kWh). Used for simple, project-level assessments but may
miss system-level marginal effects.

A performance metric defined here as the ratio of total
discounted cost of a variant to that of the NOEFF reference.
Values below 1 indicate that the variant is cheaper than the
reference.

An energy-system model that decides which generation,
network and storage assets to build over time to meet
demand at least cost, given constraints (e.g. emissions,
reliability). Used in integrated system planning.

A structured economic appraisal that identifies, quantifies
and monetises all relevant costs and benefits of each
option over an assessment horizon, discounts them to a
base year, and compares options using performance
metrics.

A specific configuration of measures and assumptions
within an analysis (e.g. NOEFF, LOWEFF, HIGHEFF) that
delivers the same energy-service outcome but with
different levels of energy efficiency and flexibility.

Changes in the timing or pattern of energy demand (e.g.
load shifting, smart charging, automated demand
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Discount rate

Dispatch model

Distributional
effects

Economic analysis
(societal
perspective)

End-use energy
efficiency

Energy conversion
chain

Energy efficiency

Energy Efficiency
First (EE1st)
principle

response) that help the system run more efficiently, often
without substantially changing total annual energy use.

The rate used to convert future costs and benefits into
present values. Reflects time preference and opportunity
costs of capital. Different discount rates are used for
private and societal perspectives.

A model that simulates the short-term operation of power
plants, storage and sometimes networks, deciding which
plants run at each time step based on costs, constraints
and demand.

The way costs and benefits of a project or policy are
distributed across socio-economic groups, regions or other
groups, independent of aggregate net benefits (e.g.
impacts on energy-poor vs affluent households).

A CBA perspective that assesses whether society as a
whole is better off, including real resource costs and
externalities but excluding pure transfer payments.

Efficiency at the point where final energy (e.g. electricity at
the meter, gas, district heat) is converted into useful
energy for a specific application (e.g. heat, mechanical
work, light). Improvements reduce energy use for the same
service, for example via heat pumps, efficient boilers, LED
lighting, efficient appliances, motors and drives, or better
control systems.

The sequence from primary energy (e.g. fossil fuels, wind)
through secondary energy (electricity, district heat), final
energy (delivered to end-use) to useful energy and the
ultimate energy services (e.g. comfort, mobility).

In general, the ratio of useful output to energy input.

A guiding principle requiring that energy efficiency and
demand-side flexibility be considered and prioritised where
they deliver greater net benefits to society than supply-side
options. It is implemented through CBA and optimisation-
based thinking.
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Energy Efficiency
Obligation Scheme
(EEOS)

Energy poverty

Energy service

Energy sufficiency

Energy-service
efficiency

External cost
(externality)

Implicit external
costs

Implicit internal
costs/benefits

Integrated energy-
system modelling

A policy mechanism where certain actors (often energy
suppliers or distributors) are obligated to achieve a
specified amount of energy savings, typically by funding or
delivering efficiency measures.

A situation where households cannot afford adequate
energy services (e.g. heating, cooling, lighting) at
reasonable cost, often due to low income, poor housing
and high energy prices.

The final service provided by energy use, such as
comfortable indoor temperature, mobility, lighting or
productive process outputs.

Reducing energy demand by limiting or changing the
quantity of energy services consumed (e.g. smaller
dwellings, fewer and right-sized appliances, less travel),
while maintaining adequate wellbeing (utility).

How efficiently useful energy (e.g. heat) is converted into
the energy service itself (e.g. maintained room
temperature), influenced by building envelope, controls,
and system design.

A cost or benefit that affects parties other than the
decision-maker and is not reflected in market prices, such
as climate change, air pollution, noise or landscape
impacts.

Impacts on third parties (e.g. climate damages, health
impacts, noise, land-use changes) that typically lack direct
market prices and must be valued using damage-cost or
similar methods.

Impacts borne by the project owner that do not have a
clear market price, such as transaction costs (search,
negotiation, compliance), comfort and convenience.

Modelling approaches that represent multiple energy
carriers (e.g. electricity, heat, gas) and sectors in a
coherent framework, capturing their interactions under
different efficiency and flexibility assumptions.
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Levelised cost of
energy (LCOE)

Marginal value
(cost/emission
factor)

Multi-criteria
decision analysis
(MCDA)

Net present value
(NPV)

Primary / secondary
/ final / useful
energy

Private (financial)
perspective

Private discount
rate (PDR)

Production energy
efficiency

The present value of total discounted cost for an option or
variant divided by the present value of total energy
delivered, expressed in €/ MWh (or similar). Used to
compare the average cost of energy across variants.

The additional cost or emissions associated with supplying
(or avoiding) one more unit of energy at a specific time and
location. Critical for capturing system-level effects in EE1st
analysis.

A family of methods for comparing options across multiple
criteria (economic, environmental, social, feasibility),
combining both monetised (CBA) and non-monetised
impacts using explicit weights and scoring systems.

The difference between the present value of benefits and
costs. In this guidance, often expressed as incremental
NPV of an efficiency variant relative to the NOEFF
reference.

Stages in the energy chain:

Primary: energy content of natural resources (e.g. gas,
coal, wind).

Secondary: energy carriers (e.g. electricity, district heat)
produced from primary energy.

Final: energy delivered to end-users (e.g. electricity at the
meter).

Useful: energy actually used to provide a service (e.g. heat
emitted by a radiator).

A CBA perspective focusing on the cash flows of the
project owner or investor, including all taxes, subsidies and
levies that affect profitability.

The discount rate used in the private perspective, typically
based on the investor’s cost of capital or hurdle rate (often
approximated by the WACC).

Efficiency at the stage where primary energy (e.g. gas,
coal, wind, biomass) is converted into secondary energy
(e.g. electricity, district heat, hydrogen). Improvements
reduce the amount of primary energy needed per unit of
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Public charges and
transfers

Risk and
uncertainty analysis

Social Cost of
Carbon (SCC)

Social discount rate
(SDR)

Social rate of time
preference (SRTP)

State-budget (fiscal)
perspective

System-level effects

Total discounted
cost (TDC)

Transaction costs

output, for example through more efficient power plants,
CHP, high-efficiency boilers, electrolysers or renewable
technologies.

Policy-driven monetary flows such as taxes, subsidies,
levies and permit payments. Treated as transfers in the
societal perspective but included in private and fiscal
perspectives.

The treatment of unknown future developments (e.g.
prices, technology costs, policies) through methods such
as sensitivity analysis, scenario analysis or probabilistic
modelling.

A monetary estimate of the welfare damage caused by
emitting one additional tonne of COF (or COF-equivalent),
used to value climate externalities in societal CBA.

The discount rate used in societal (economic) appraisal,
typically derived from the social rate of time preference and
used to decide on public investments and policies.

The rate at which society is willing to trade current
consumption for future consumption, forming the basis for
the social discount rate in economic appraisal.

A CBA perspective focusing on net effects on public
revenues and expenditures, including taxes, levies,
subsidies and programme costs borne by the public sector.

Changes in generation, transmission, distribution, imports,
curtailment and emissions that arise when demand is
reduced or shifted, going beyond the project’'s own energy
savings or bills.

The sum of all costs (and, where applicable, negative
costs) for an option or variant over the assessment
horizon, discounted to present value. Fundamental cost
metric in this guidance and the basis for other performance
indicators.

The time and resources spent on search, information
gathering, negotiation, contracting, compliance and
administration associated with a measure or programme.
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Transfer payments  Monetary flows created by policy (taxes, subsidies, levies,

permit payments) that shift money between actors without
directly using real resources or changing physical
outcomes. Excluded from societal CBA but included in
private and fiscal views.

Transmission and Efficiency at the stage where secondary energy (electricity,
distribution energy  heat, gas) is transported and delivered as final energy to
efficiency end-users. Improvements reduce network losses and

auxiliary consumption, for example via better pipe or cable
design, lower operating temperatures in district heating,
efficient transformers, smart grid operation and reduced
leakage in gas or heat networks.

Weighted Average The average return required by debt and equity providers
Cost of Capital to finance an investment, often used as a basis for the
(WACC) private discount rate in financial analysis.
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EU ETS
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Agency for the Cooperation of Energy Regulators
Benefit—Cost Ratio

Cost—Benefit Analysis

Combined Heat and Power

District Heating

Directorate-General for Energy (European Commission)
Demand-Side Flexibility

Distribution System Operator

Energy Efficiency First (principle)

Energy Efficiency Obligation Scheme

Energy Efficiency Directive

European Investment Bank

European Network of Transmission System Operators for Electricity
European Network of Transmission System Operators for Gas
Energy Performance of Buildings Directive

Emissions Trading System

European Union

European Union Emissions Trading System
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NPV
0&M
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SDR
SRTP
TDC
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TSO
V2B
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Heating, Ventilation and Air Conditioning
High-Voltage Direct Current
International Energy Agency
Levelised Cost of Energy

Liquefied Natural Gas

Multi-Criteria Decision Analysis
Member State(s)

Net Present Value

Operation and Maintenance
Project(s) of Common Interest
Photovoltaic (solar electricity)
Renewable Energy Sources

Social Cost of Carbon

Social Discount Rate

Social Rate of Time Preference

Total Discounted Cost
Trans-European Networks for Energy
Transmission System Operator
Vehicle-to-Building

Vehicle-to-Grid

Weighted Average Cost of Capital
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