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Abstract
In its 2030 Climate Target Plan, the European Commission 
stressed that additional cuts in energy consumption are need-
ed to reach more ambitious climate goals. The Commission’s 
analysis includes significant greenhouse gas emission cuts in 
the building sector. This priority is also reflected in the Com-
mission’s “Renovation Wave” initiative.

These expectations should be put in perspective with the re-
cent slowdown of energy efficiency improvements in the EU 
and the worrying lack of progress in reducing energy consump-
tion from space heating (Thomas & Rosenow, 2020). For these 
reasons, building policy will be one of the main focuses of the 
revision of the EU’s climate and energy legislation, starting in 
2021.

This paper highlights what adopting these increased climate 
goals means for building policy. It zooms in on one policy tool, 
the energy savings obligation, part of Article 7 of the Energy 
Efficiency Directive. It identifies synergies and trade-offs be-
tween this provision and renovation objectives. It reviews the 
existing literature on Article 7, with a focus on issues related 
to measurement, verification and evaluation of energy savings.

The paper explores the prospects that the use of “metered 
savings” methodologies offer to improve the reliability of en-
ergy savings estimates. In the EU, these approaches have been 
mainly used to support energy savings in the industrial sector. 

In the U.S., regulators and utilities are piloting the use of these 
methodologies, combined with pay-for-performance financ-
ing schemes in the building sector (SENSEI, 2020). The paper 
discusses the opportunities and limits of using these method-
ologies to achieve both EED and Renovation Wave objectives, 
in order to draw lessons for the revision of climate and energy 
legislation in 2021.

Introduction
The European Union (EU) has begun a revamp of its cli-
mate and energy legislation following its commitment to 
become climate neutral by 2050 (EU, 2020). Renovating the 
EU’s ageing buildings is a flagship project for this ecological 
transition. Building renovation can bring tangible benefits to 
citizens. It is also a major challenge. Currently, the building 
sector is responsible for 40 % of final energy consumption and 
36 % of greenhouse gas emissions (GHG) in the EU (Euro-
pean Commission (EC), 2020b). The EU has already endorsed 
the objective of achieving a “highly energy efficient and de-
carbonised building stock” by 2050 (EU, 2018a). It has sharp-
ened its buildings policies over the last decades. But current 
legislation is insufficient to reach more ambitious 2030 and 
2050 climate goals.

Several current initiatives are exploring the potential of mak-
ing better use of metered energy consumption data to boost 
the effectiveness and efficiency of building programmes. In 
the U.S., regulators and utilities are piloting the use of these 
methodologies in the building sector, combined with pay-for-
performance (P4P) financing schemes (SENSEI, 2020). In the 
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EU, the SENSEI project1 is looking at ways to combine P4P ar-
rangements with the energy performance contracting model. 
Its aim is to reward energy efficiency as an energy resource and 
a new grid service and to turn the retrofit project’s value into an 
investable asset for private financing. These developments build 
on recent advancements in methods to estimate energy savings, 
a field known as advanced measurement and verification (ad-
vanced M&V). The European Commission has recognised the 
potential of P4P schemes to accelerate building renovation in 
its “Renovation Wave” communication (2020e).

This paper discusses the prospects that advanced M&V of-
fers to achieve renovation and energy objectives. The first sec-
tion highlights what adopting increased climate goals means 
for building policy. The second section zooms in on one policy 
tool, the energy savings obligation, part of Article 7 of the En-
ergy Efficiency Directive (EED) and identifies synergies and 
trade-offs between this provision and renovation objectives. 
The third section discusses the opportunities and limits related 
to the use of “metered savings” methodologies in the context of 
Article 7 and building programmes.

New climate goals require renewed ambition for 
building policy
This section highlights what adopting increased climate goals 
means for building policy. It is based on findings from the 
Commission’s most recent analysis. First, it reviews the impact 
of adopting a new 2030 climate target on the building sector. 
Secondly, it looks at the role that different technical solutions 
will play in decarbonising buildings faster. Finally, it takes stock 
of existing EU policies and targets in this field.

TOWARD A DECADE OF CLIMATE ACTION IN THE BUILDING SECTOR
The Commission (2020b) assessed that a “balanced, realis-
tic and prudent pathway” to climate neutrality requires GHG 
emissions reduction of 55 % by 2030.2 This target endorsed by 
EU legislators (Council of the EU, 2021) represents sizable ad-
ditional emission cuts.

To prepare for the revision of climate and energy legisla-
tion, the Commission (2020c, 2020d) assessed how the differ-
ent sectors of the economy would contribute to the additional 
GHG cuts. In the building sector, the EU would reduce emis-
sions by 60 % by 2030 compared to 2015 (EC, 2020b). This is 
three times more than what the previous Commission’s analy-
sis had modelled (Climact & Ecologic Institute, 2020). The 
Commission expects building decarbonisation to accelerate 
significantly. 

SOLUTIONS TO ACCELERATE THE DECARBONISATION OF THE BUILDING 
SECTOR
The energy performance of the EU building stock is poor, and 
85–95 % of the buildings that exist today will still be standing in 
2050 (EC, 2020e). This makes renovation of existing buildings 
a priority. Unfortunately renovation rates and depth are cur-

1. The SENSEI project is funded from the European Union’s Horizon 2020 Re-
search and Innovation programme under Grant Agreement No 847066. More 
information available at https://senseih2020.eu.

2. This target is expressed including GHG emissions and removals, compared to 
1990 levels.

rently low (EC, 2019c). The Commission (2020e) has acknowl-
edged this challenge with the publication of the “Renovation 
Wave for Europe” strategy.

In the impact assessment on the 2030 target, the Commis-
sion foresees an increase in renovation rates and depth, reduc-
ing the energy demand from buildings, and an increase in fuel 
switching interventions (EC, 2020d). Compared to previous 
Commission’s modelling, analysts noticed a “strategic shift” in 
favour of an almost full phase-out of liquid and solid fossil fu-
els (Climact & Ecologic Institute, 2020). While the relative role 
of technologies and the pace of changes can be discussed (see 
for example Buildings Performance Institute Europe (BPIE), 
2020), reaching 2030 and 2050 climate goals requires a balance 
between reducing energy demand and decarbonising energy 
sources in the building sector.

The Commission (2020a) also expects buildings to increas-
ingly contribute to “energy system integration,” which it defines 
as “the coordinated planning and operation of the energy sys-
tem ‘as a whole,’ across multiple energy carriers, infrastruc-
tures, and consumption sectors.” The Commission highlights 
the specific role of heat electrification in this regard. Indeed, 
electrified heat loads can provide significant energy system 
value when they can operate in a flexible manner (Lowes, Rose-
now, Qadrdan & Wu, 2020).

The Commission notes that “consumer choice” can be a strong 
driver to reduce energy use in buildings (EC, 2020d). Recent 
analysis (Brugger, Eichhammer & Dönitz, 2019) suggests that 
new societal trends, including evolving consumer preferences 
could either decrease energy demand or counterbalance effi-
ciency gains in a way that leads further away from realising the 
EU’s goals.

EU POLICIES AND BUILDING DECARBONISATION
Overall, the current EU framework appears inadequate to drive 
sufficient action, as shown by the reality of renovation rates and 
depth in the EU (EC, 2019c) and by several policy gap analy-
ses (EC, 2020c, 2020d; CE Delft, 2020; BPIE, 2021). The EU 
framework does not set specific sectorial targets on buildings, 
except for a renovation target on the central government build-
ing stock (Economidou, Todeschi, Bertoldi, D’Agostino, Zang-
heri & Castellazzi, 2020). But several policies and targets that 
influence the pace of decarbonization in the building sector are 
under review.

Climate legislation
The EU climate legislation puts a cap on GHG emissions, which 
has an impact on the building sector:

• The EU Emission Trading System currently encompasses 
30 % of total buildings emissions. It covers emissions from 
large fossil fuelled district heating, electric heating, as well 
as the electricity used by heat pumps (EC, 2020c). It sets a 
cap on these emissions and creates a carbon price in these 
sectors.

• Member States’ “effort sharing” targets cap the remaining 
buildings’ emission. This means that Member States have 
the responsibility for addressing emissions from domestic 
fossil-fuelled heating systems. They are free to use pricing, 
financial and regulatory policies as they see fit.
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The upcoming revision of climate legislation will therefore set 
targets and responsibilities for achieving higher GHG cuts in 
the building sector.

Energy legislation
Energy market legislation, energy efficiency and renewable 
energy policies also drive building decarbonisation. The gov-
ernance regulation (2018b) requires Member States to set their 
contributions to the achievement of the EU-level 2030 renew-
able energy and energy efficiency targets. These contributions 
are not binding and Member States’ pledges in the area of en-
ergy efficiency are so far not adequate to meet the existing EU-
level target (EC, 2020b). This framework is under review, with 
potential increases in ambition for these targets (EC, 2020b).

Recent energy consumption trends are concerning. Indeed, 
energy efficiency improvements have slowed down in recent 
years and there is a worrying lack of progress in reducing en-
ergy consumption from space heating (Thomas & Rosenow, 
2020). The Commission (2020f) noted that the energy efficien-
cy policies in place are insufficient, even if weather conditions 
and the substantial drop in energy demand due to COVID-19 
may lead to the achievement of the 2020 efficiency targets. 
When it comes to reaching new climate goals, even a “rigorous 
enforcement” of the existing efficiency legislation would not be 
sufficient (EC, 2020b).

Other provisions in the energy legislation have an impact on 
buildings GHG emissions. For example, the Renewable Energy 
Directive (EU, 2018c) includes targets to increase the share of 
renewable energy used in heating and cooling. These targets are 
indicative at the moment and close to business-as-usual (EC, 
2020d). Another example is Article 7 of the EED (EU, 2018d), 
which requires Member States to achieve energy savings by 
putting in place policy measures. The Commission (2020d) 
envisages a revision of Article 7 of the EED. This paper further 
discusses the role of this provision to drive building renova-
tions. 

Building legislation
The Energy Performance of Buildings Directive (EPBD) (EU, 
2018a) contains a number of provisions to promote the im-
provement of the energy performance of buildings within 
the EU. Building codes stemming from the EPBD have con-
tributed to regulating energy consumption from new build-
ings and buildings undergoing a major renovation. But they 
leave a large share of buildings out of the scope of minimum 
requirements (Sunderland & Santini, 2020). The Commission 
(2020d) is therefore considering introducing minimum en-
ergy performance requirements on existing buildings. Build-
ing owners would need to achieve a certain performance by 
a deadline and/or at trigger points (such as sales, new rental 
contract, etc.). Such measures could play a significant role in 
the building policy mix. The Renovation Wave strategy (2020e) 
also lists a number of initiatives to reinforce the building reno-
vation supply chain, including by addressing the role played by 
the financial sector. 

SUMMARY OF FINDINGS

• New climate targets require an unprecedented intensifica-
tion of buildings’ decarbonisation.

• The renovation of existing buildings is a particular challenge.

• Energy efficiency, fuel switching, flexibility and consumer 
choices are key building blocks of buildings’ decarbonisa-
tion.

• Several targets and policies are in place, but the EU policy 
framework does not drive sufficient action.

• The Commission envisages ramping up a number of targets 
and obligations, including the energy savings obligation in 
Article 7 of the Energy Efficiency Directive. 

Article 7 of the EED and national building 
decarbonisation policies
The previous section looked at how legislators could reinforce 
the policy mix in the building sector to reach climate goals. This 
section reviews the existing literature on Article 7 of the EED 
to identify synergies and trade-offs with renovation objectives. 
It briefly introduces the role of Article 7 in the EU policy mix 
before analysing its interaction with building policies.

ARTICLE 7 IN THE EU POLICY MIX 
Under Article 7 of the EED, Member States must trigger a cer-
tain amount of energy savings among energy end users from 
national policy measures. For the 2021–2030 period, this 
amount corresponds to new annual energy savings of 0.8 % 
calculated on the basis of annual final energy consumption. En-
ergy savings can be achieved across all sectors and are not lim-
ited to buildings. Article 7 helps achieve the energy efficiency 
targets and drives energy efficiency markets, giving it a specific 
role in the EU policy mix.

A tool to reach the EU energy efficiency target
By focusing on energy savings from national policies, Article 7 
participates in reaching the EU energy efficiency target, which 
the EED sets as an absolute level of energy consumption in pri-
mary and energy terms. The link between Article 7 and the EU 
target is complex, because policy is not the only factor influenc-
ing energy consumption. The Commission has nevertheless ex-
pected Article 7 to deliver more than half of the energy savings 
required to reach the current 2030 energy efficiency headline 
target (EC, 2016). The role of Article 7 is particularly important 
given that national energy efficiency targets are not binding on 
Member States. 

Article 7 also encourages the development of a comprehen-
sive policy mix. Indeed, Member States are free to implement 
policy measures that are best adapted to their local circum-
stances, as long as they complement and go beyond EU meas-
ures (Santini & Thomas, 2020). 

A driver for energy efficiency markets
During its most recent evaluation of Article 7, the Commission 
(2016) highlighted the role of Article 7 in creating a market for 
energy efficiency products and services. Article 7 “addresses a 
wide range of market and regulatory failures and can, in par-
ticular, be instrumental for making energy efficiency services 
and investments a business case.” It “allows ensuring the stabil-
ity to investors that in turn helps unlock the needed financing 
for implementing the energy efficiency measures.” 
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Article 7 in particular led to the multiplication of energy effi-
ciency obligation schemes (EEOSs), which involve energy com-
panies in the realisation of energy savings. Before the EED came 
into force in 2012, only five Member States had mandatory EE-
OSs on energy utilities in place (International Energy Agency, 
2017). In 2020, 15 Member States and the UK have EEOS de-
livering energy savings, with more in development (ENSMOV, 
2020).

ARTICLE 7 AND NATIONAL BUILDING POLICIES: SYNERGIES AND TRADE 
OFFS
Member States have achieved an important share of energy sav-
ings in the buildings sector. In the first commitment period, 
which ran from 2014 to 2020, they expect to have delivered 
at least 42 % of the savings through policy measures focus-
ing only on buildings (Forster, Kaar, Rosenow, Leguijt & Pató, 
2016). Many further energy savings in the buildings sector are 
expected from “cross cutting” policy measures, such as EEOSs. 

Buildings sector policy measures include EEOSs, subsidy 
schemes, the promotion of energy performance contracting 
and the early ban of certain equipment (Santini & Thomas, 
2020). Fuel switch interventions are eligible under Article 7 as 
long as they deliver end-use energy savings. The ambient heat 
used by heat pumps is excluded from the measurement of fi-
nal energy consumption, increasing the eligible energy savings 
from switching to these technologies.3

The 2018 revision of the EED further encouraged energy sav-
ing policies in existing buildings. Member States can claim all 
the savings from a policy measure promoting renovation (e.g., 
a subsidy that can be directly linked to an investor’s decision to 
renovate a building) even if the national building code stem-
ming from the EPBD mandates a minimum outcome for this 
renovation (EC, 2019b). In other sectors, eligible energy sav-
ings must be additional to EU law.

It is nevertheless difficult to distinguish the driving role of 
Article 7 on national buildings policy from that of climate effort 
sharing targets. Article 7 obligations and effort sharing targets 
are closely interlinked and might play a different role in coun-
tries depending on how ambitious the national climate target is 
set (Graichen, Scheuer & Thomas, 2021). The specificity of Ar-
ticle 7 lies in the requirement for Member States to demonstrate 
the impact of their policies.

Unfortunately, a large number of Member States are not on 
track to achieve their 2014–2020 Article 7 obligations (Euro-
pean Commission, 2020f). In addition, there are “credibility 
issues in relation to the eligibility, additionality, materiality and 
double counting” for some policy measures notified by Mem-
ber States, posing “a risk to the delivery of the expected energy 
savings” (Forster et al., 2016). Stakeholders and analysts have 
been relaying these concerns (Fawcett & Rosenow 2016; Rose-
now & Scheuer, 2019; Coalition for Energy Savings, 2020). The 
accounting methods used for measuring energy savings can 
strongly influence the degree of target achievement (Schlo-
mann, Rohde & Plötz, 2014). Although the Commission and 
Member States acknowledge the need for “a proper measure-
ment and verification of reported energy savings” (EC, 2019a), 
evaluation practices are neither standardised nor harmonised 

3. For more information, see EC, 2019b.

at EU level (Broc, Thenius, Di Santo, Schlomann, van der Meu-
len, van den Oosterkamp, Marić & Matosović, 2018). As a re-
sult, the Commission has a delicate enforcement task when it 
comes to assessing the credibility of Member States’ estimates. 
It has listed the improvement of monitoring and verification 
rules as an option to reinforce Article 7 (EC, 2020g).

Another concern is that it is unclear whether the national 
building policies under Article 7 are fully aligned with the cli-
mate neutrality objective. For example, many Member States 
provide support for installing new, more efficient fossil fuel 
equipment (Tognetti, 2020). Some of these schemes participate 
in fulfilling the Article 7 obligations. Indeed, Article 7 does not 
differentiate between technologies based on the fuel they use 
(Santini & Thomas, 2020). The installation of more efficient 
fossil-fuel boilers has brought significant energy savings over 
the past decade (Thomas & Rosenow, 2020) but it is unclear if 
these measures are aligned with the new climate neutrality goal.

Overall, Article 7 has the potential to drive the ambition of 
national building policies. It is unique in that it requires assess-
ing the impact of policies on delivering energy savings. Never-
theless, a number of implementation challenges and the reality 
of renovation in Europe suggests that progress can be made 
to improve synergies between Article 7 and building national 
policies.

SUMMARY OF FINDINGS

• Article 7 of the EED requires Member States to put in place 
energy savings policies which complement and go beyond 
EU measures.

• It has a specific role in the EU policy mix, both as a tool to 
reach the EU energy efficiency target and a driver for energy 
efficiency market.

• Article 7 is not limited to buildings, but Member States 
achieve an important share of energy savings under Article 
7 in this sector.

• Overall, Article 7 has the potential to drive the ambition of 
national building policies and is unique in that it requires an 
assessment of the impact of national policies on delivering 
energy savings. 

• Nevertheless, a number of implementation challenges and 
the reality of renovation in Europe suggests that progress 
can be made to improve synergies between Article 7 and 
building national policies.

• Decision makers and stakeholders have identified the reli-
ability of energy savings estimates as a key area for improve-
ment to increase the impact of Article 7.

An increased role for ‘metered savings’ in the building 
sector?
The previous section showed that the potential of Article  7 
of the EED to drive building renovation could be stepped up, 
particularly by improving the reliability of energy savings esti-
mates. Several initiatives are exploring the potential for making 
better use of metered energy consumption data to boost the ef-
fectiveness and efficiency of building programmes. This section 
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examines the opportunities and limits of this proposal. First, it 
takes stock of the use of metered savings methods under Arti-
cle 7. Secondly, it discusses the potential of “advanced M&V” to 
improve energy savings estimates in the building sector. Finally, 
it discusses some other potential benefits associated with these 
methods. 

USE OF METERED SAVINGS UNDER ARTICLE 7 
The EED requires Member States to report on the impact of 
their energy savings policies under Article  7. It allows four 
methods to calculate energy savings (other than for taxation 
measures). Only one of these methods requires using ex post 
metered energy consumption data: 

• With “deemed savings” methods, programme managers as-
sign an energy savings value to a specific intervention by us-
ing results of previous independently monitored energy im-
provements in similar installations. A number of Member 
States have developed “catalogues” of standard measures, of-
ten in the context of their EEOS (Labanca & Bertoldi, 2016). 
Practitioners also call this approach ex ante measurement 
of savings, because programme participants do not have to 
track the evolution of their energy consumption after the 
intervention.

• With “scaled savings” methods programme managers de-
termine energy savings by using engineering estimates. It is 
restricted to cases where establishing robust measured data 
for a specific installation is difficult or disproportionately 
expensive. 

• The “surveyed savings” method can only be used to estimate 
energy savings resulting from changes in consumer behav-
iour, as a result of an information campaign for example. 
The EED does not allow using this method to track energy 
savings resulting from installing equipment. 

• With “metered savings” methods, programme managers 
determine energy savings from an intervention by record-
ing the actual reduction in energy use. Practitioners also 
call this approach ex post measurement of savings, because 
participants track their energy consumption over time. To 
determine the savings, programme managers shall take into 
account other factors which may affect energy consump-
tion, such as “additionality, occupancy, production levels 
and the weather” (EU, 2018d). 

Member States report using metered savings in the industrial 
sector, for example in the Italian White Certificate programme 
(Di Santo, De Chicchis & Biele, 2018). Two main factors could 
explain why metered savings methods are not used in building 
programmes, where deemed savings are more popular:

• The costs of deploying metered savings methods might ex-
ceed the expected benefits of doing so in the building sec-
tor. Establishing energy savings from a programme requires 
balancing the desire for precision against the cost of evalu-
ation (Neme & Cowart, 2013). In the past, setting an indi-
vidualised baseline for the large number of, often smaller 
scale, interventions in the building sector may have proven 
more difficult than in the industrial sector, where there is a 
smaller number of projects to monitor.

• Establishing a set of standard values might facilitate the 
straightforward administration of programmes such as EE-
OSs.

On the other hand, the use of deemed savings means that 
obligated parties do not bear the risk of underperformance. 
Instead, this risk is borne by the taxpayers or ratepayers who 
finance the programmes (SENSEI, 2020). In the building sec-
tor, this risk is important, as there is often a considerable gap 
between the measured and the predicted performance of the 
building. This “performance gap” can for example be linked to 
installation issues or how the user is interacting with the equip-
ment (McElroy & Rosenow, 2018).

There is little scrutiny over the deemed savings values used 
by Member States. Analyses of engineering estimates and 
deemed savings adopted by different countries in the context 
of the EED however shows that savings estimates for a similar 
individual action may vary greatly among countries (Labanca 
& Bertoldi, 2016). 

CAN ADVANCED M&V IMPROVE BUILDINGS SAVINGS ESTIMATES?
Advocates of metered savings methods argue that with these 
methods the benefits of energy efficiency actions should in-
crease, while the costs of metering are declining. Indeed, the 
entity claiming the savings must monitor energy consumption 
before and after the intervention. This should act as an incen-
tive for high quality installation and for providing advice to 
consumers on how to use their equipment. 

Meanwhile, software and hardware developments have 
enriched metered savings methods (Northeast Energy Effi-
ciency Partnerships, 2015). Literature captures these develop-
ments under the term “advanced measurement & verification 
(M&V)”, sometimes also called “M&V 2.0” or “automated 
M&V”. Advanced M&V builds on the increasing availability 
of granular energy consumption data, often stemming from 
smart meters, and on the ability to process large volumes of 
data thanks to advanced analytics and automated process-
ing (Franconi, Gee, Goldberg, Granderson, Guiterman, Li & 
Smith, 2017). This allows for a continuous treatment of data 
and can potentially reduce costs related to engineering exper-
tise (Granderson, Price, Jump, Addy & Sohn, 2015).

It is possible to apply advanced M&V methods to individual 
projects, typically at commercial and industrial sites, or to an 
aggregated number of sites like residential buildings. This has 
raised the attention of the Efficiency Valuation Organization 
(EVO) which notes (2020) that aggregated approaches have 
the potential to lower costs and improve programme-level sav-
ings estimates over the deemed savings values typically used in 
residential programmes. Energy consumption over portfolios 
of large numbers of buildings tend to be much more stable and 
manageable (Recurve, n.d.). 

In the U.S., programme managers are already using automa-
tion extensively for behaviour programmes in the residential 
sector (Rogers, Carley, Deo & Grossberg, 2015). Legislators and 
regulators have encouraged the use of meter data in demand-side 
management programmes (EVO, 2020). While this use is not 
systematic (Gold, Waters & York, 2020), a number of utilities and 
programme managers are piloting pay-for-performance schemes 
based on metered savings methodologies, including in the resi-
dential sector (SENSEI, 2020; Best, Fisher & Wyman, 2019).
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By 2024, it is expected that almost 77 % of European con-
sumers will have a smart meter for electricity, and about 44 % 
will have one for gas (Alaton & Tounquet, 2020). This opens 
possibilities to use advanced M&V methods in building pro-
grammes to improve energy savings estimates. Recently, several 
European initiatives have been exploring this option (SENSEI, 
2020; Green Finance Institute, 2021). Advanced M&V practi-
tioners however meet a number of challenges:

• Different modelling algorithms and software tools are avail-
able. The comparison between the different tools and the 
estimate of uncertainty is subject to a rich literature. Practi-
tioners are working to address methodological issues and 
better understand error levels and uncertainty (EVO, 2020; 
Touzani, Granderson, Jump & Rebello, 2019; SENSEI, 
2021). EVO has set up a testing portal designed by Berkeley 
Lab to compare the predictive accuracy of any tool or mod-
el. Programme managers involved in establishing Article 7 
savings should discuss a number of elements including the 
confidence level expected from aggregated savings estimates 
in the building sector.

• Practitioners are discussing the issue of non-routine events 
(NREs). These events modify energy use but are not linked 
to the energy savings measure and are not part of the energy 
model. They include for example changes in the number 
of occupants, changes in occupancy schedules, removal of 
equipment, installation of solar panels (EVO, 2020). EVO 
(2020) defines NREs as “the most significant complication” 
that advanced M&V approaches face. Indeed, there is no 
“automated silver bullet” to conduct adjustments to the level 
of savings estimate due to NREs (EVO, 2020). This often re-
quires an engineer’s insight (Granderson et al., 2015).

• Establishing programme-level savings is also a challenge. 
Automated analysis might require additional adjustments 
to establish the final energy savings (Franconi et al., 2017), 
possibly requiring questionnaires or interviews (Rogers et 
al., 2015). For use under Article 7, these adjustments should 
establish how to discount for the impact of natural market 
developments (including the free rider effect) and other EU 
legislation (like ecodesign). 

Provided that these challenges are tackled, advanced M&V 
could help public authorities in Europe increase certainty 
over the impact of energy efficiency policy measures on en-
ergy savings. This is important in the context of Article  7, 
but also in order to reach the more ambitious 2030 climate 
targets. Providing Member States with reassurances that their 
policies are actually delivering savings would help them de-
sign the optimal policy mix to decarbonise the building sector 
effectively.

CAN ADVANCED M&V BRING OTHER BENEFITS TO BUILDING 
PROGRAMMES?
While increasing the reliability of savings estimates would be 
an important benefit, proponents of advanced M&V methods 
argue that they bring other benefits for public authorities and 
service providers. 

Potential benefits for public authorities

Pay-for-performance schemes and aggregators
Advanced M&V enables public authorities to make “timely” 
performance-based payments to contractors, including aggre-
gators (Franconi et al., 2017). SENSEI (2020) describes pay-for-
performance (P4P) schemes as “energy efficiency programmes 
[that] aim to deliver greater and more persistent energy sav-
ings by compensating energy efficiency resources based on a 
comparison of metered energy consumption and modelled 
counterfactual energy consumption, i.e., consumption in the 
absence of the energy efficiency action.” Ex post estimates of en-
ergy savings are used as the indicator for the energy efficiency 
project’s performance. The energy consumption of the building 
is tracked over time, and payments are either made at the end of 
the measurement period, or on an ongoing basis “as the savings 
occur” (Szinai, Borgeson & Levin, 2017).

In the case studies reviewed by the SENSEI project (2020), ag-
gregators often act as intermediaries between end users and the 
organisation delivering P4P payments. They engage end users to 
save energy by offering services, and they can decide if and how 
they share performance rewards with them (SENSEI, 2020).

In the EU, many energy efficiency programmes deliver sub-
sidies for the installation of equipment. This provides an incen-
tive for the private sector to install as many equipment pieces as 
possible, without necessarily ensuring high quality installation 
and maintenance (SENSEI, 2020). P4P schemes redirect the in-
centives to obtaining as many energy savings as possible, which 
should in principle result in a higher quality of installation and 
persistent energy savings (SENSEI, 2020).

Establishing the right performance structure is not an easy 
task though. In many of the pilot schemes reviewed in the con-
text of the SENSEI project, public authorities or utilities have 
combined the performance payment with a non-performance 
grant to lower the risks for aggregators engaging in the P4P 
programme (SENSEI, 2020). 

Resource planning
Energy efficiency is often not adequately compensated for the 
benefits it brings to the energy system, which is at odds with 
the “energy efficiency first” principle (EU, 2018b; ENEFIRST, 
2020). Better understanding the performance profile of ener-
gy efficiency projects can put them on an equal footing with 
energy supply projects (SENSEI, 2020), including in resource 
planning.

In addition, the availability of granular meter data can allow 
for more targeted action, including time- and location-specific 
interventions. A flexible operation of the energy system will in-
creasingly require such interventions.

Potential benefits for service providers

Energy performance contracting
Advanced M&V techniques can enable the development of 
energy performance contracting (EPC) in the building sector. 
Energy services companies have traditionally avoided custom-
ers without stable energy-use baselines because of the resources 
needed to perform onsite energy analysis (Rogers et al., 2015). 
In the residential sector, high transaction costs and market 
fragmentation constrain the development of EPC (Labanca, 
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Suerkemper, Bertoldi, Irrek & Duplessis, 2015). Advanced 
M&V may enable energy services companies to extend the 
scope of their activities, as smart meters roll out (Labanca et 
al., 2015). In addition, access to granular data provides better 
insights on what is happening in the building. This can help 
increase customer engagement (Franconi et al., 2017). This 
improved knowledge can also be of value for the investor com-
munity who is seeking to reduce risks in energy efficiency in-
vestments (Franconi et al., 2017). Spurring EPC development 
however requires other elements, such as having an appropriate 
data sharing framework, the customers’ willingness to pay for 
energy efficiency measures and an adequate incentive structure 
provided by public authorities.

Capturing operational and behavioural savings
Advanced M&V can capture the impact of a mix of investment 
upgrades and behavioural measures, thus better taking into ac-
count operational savings, i.e., how end users are running the 
equipment. Operational savings can be no- or low-cost meas-
ures that come in addition to retrofit measures (Grueneich & 
Jacot, 2014). Capturing these savings can open markets for ser-
vice providers.

SUMMARY OF FINDINGS

• In the EU, metered savings are seldomly used in the build-
ing sector.

• Deemed savings methodologies can facilitate programme 
administration but puts the performance risk on the public 
authority mandating the energy savings. 

• With metered savings, the entity claiming the savings has an 
incentive to ensure persistent savings, including by provid-
ing high quality installation and maintenance services.

• Several initiatives are exploring the potentials of using ‘me-
tered savings’ methodologies to boost the effectiveness and 
efficiency of building programmes.

• Software (e.g., data analytics) and hardware (e.g., smart 
meters) developments captured under the terminology “ad-
vanced M&V” opens potentials to improve building pro-
gramme-level savings estimates. The costs of using meter 
data have declined.

• M&V practitioners are working on refining these method-
ologies. A discussion will be needed in the context of Arti-
cle 7, to establish for example the confidence level expected 
from such savings estimates.

• Advanced M&V could help public authorities in Europe in-
crease certainty over the impact of energy efficiency policy 
measures on real energy savings. This is important in the 
context of Article 7, but also in order to reach the more am-
bitious 2030 climate targets.

• The use of metered savings methods opens other perspec-
tives. It could enable public authorities to design pay-for 
performance schemes and rely on aggregators to deliver 
energy savings, and to better recognise the role of energy ef-
ficiency in resource planning. It can participate in the devel-
opment of energy performance contracting and help engage 
customers on operational and behavioural energy savings.

Conclusion
As EU legislators are looking at policy options to accelerate 
renovation, this paper highlights the scope to improve syner-
gies between Article 7 of the EED and building renovation poli-
cies. While advanced M&V methodologies can participate in 
improving building programmes’ energy savings estimates, EU 
practitioners should solve a number of methodological ques-
tions related to the models. To advance this discussion, the 
Horizon 2020 SENSEI project has developed a next generation 
energy efficiency meter named “eensight” based on machine 
learning and is seeking feedback from practitioners (SENSEI, 
2021). Programme managers involved in establishing Article 7 
savings should discuss a number of elements including the con-
fidence level expected from aggregated savings estimates in the 
building sector.

Advocates of advanced M&V methods highlight the role 
they can play in aligning the incentives through pay-for-perfor-
mance schemes and the development of energy performance 
contracting in the building sector. While this discussion is 
promising, the question remains open on how to better com-
pensate energy efficiency financially for the benefits it brings to 
the energy system. The SENSEI project is exploring business 
models and should provide some insights on viable transaction 
flows. The revision of climate and energy legislation in 2021 
should also open doors to better reward energy efficiency and 
distributed resources.

This paper has a number of limitations and calls for addi-
tional research.

First, it does not discuss deemed savings methodologies in 
detail, although they present a number of advantages. Because 
they put the performance risk on the public authority mandat-
ing the energy savings, they require significant efforts to evalu-
ate programmes and adjust the deemed values over time. Cur-
rently, few data related to Article 7 programmes are publicly 
available, constraining public scrutiny of the energy savings es-
timates reported by Member States. More resources need to be 
devoted to evaluation to understand how to increase certainty 
over Member States’ deemed values. This is essential for the 
Commission to understand the impact of the Article 7 energy 
savings obligations and for Member States aiming to meet their 
obligations and deliver on challenging 2030 climate goals. The 
costs of achieving this increased certainty need to be balanced 
against the costs of using the metered savings approach and as-
sessed alongside the differences in the energy savings delivered 
through the two measurement methods. Further research to 
explore the costs and benefits of the two approaches is needed.

Secondly, other proposals could reinforce the synergies be-
tween Article 7 and climate goals in the building sector. The 
question of whether public authorities should continue sub-
sidising the installation of equipment running on fossil-fuel 
should be explored more systematically by EU legislators. In 
addition, accelerating building renovation requires other poli-
cies such as minimum energy performance standards. Legis-
lators could look at reinforcing the synergies between these 
standards and Article 7, with a particular focus on equity issues. 

Finally, this paper remains broadly theoretical. The experi-
ence with using advanced M&V for building programmes is 
still recent, and there is to our knowledge no pilot in the EU, ex-
cept in Germany where metered savings methods are explored, 
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but with no exclusive focus on buildings (Weiß, Werle, Pehnt, 
Blohm, Chmella, Becker, Geissler, Grein & Milojkovic, 2017; 
Werle, Weiß, Ernst & Hermann, 2019). As regulators and utili-
ties are testing pay-for-performance schemes in the residential 
sector in California and in New York (SENSEI, 2020), more 
evaluation data should become available, feeding into the Euro-
pean discussion. Developments in the United Kingdom (Green 
Finance Institute, 2021) should also inspire EU practitioners.

In the meantime, stakeholders, decision makers and M&V 
practitioners should continue the dialogue and pilot pay-for-
performance schemes making use of advanced M&V methods. 
EU institutions should also be interested in these develop-
ments, especially as the European Court of Auditors (2020) has 
flagged that the cost effectiveness of buildings projects could 
be improved.

Piloting these schemes now is particularly important as this 
field of research is evolving quickly. As EVO (2020) notes, “the 
brisk addition of demand-response […] efforts and new dis-
tributed generation […] resources (e.g., electric vehicles) will 
complicate known [advanced M&V] methods. Meter-based 
energy use is core to all of these efforts and will require the 
coordination of multiple baselines. Inevitably the need for ‘in-
tegrated M&V’ to delineate savings from [energy efficiency], 
[demand response], and [distributed generation] will require 
M&V approaches to evolve.” 
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