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Abstract Energy efficiency (EE) is our “first 
fuel” and an essential resource in reaching climate 
goals, reducing dependence on fossil fuels, increas-
ing security of supply, and many other “Multiple 
Benefits.” However, by their nature, savings are 
intangible. Demand-side EE measures are typically 
decentralized, heterogeneous, and small-scale oppor-
tunities. The difficulties in measurement and verifi-
cation (M&V) of “Negawatts” are an important and 
often overlooked barrier to their greater application. 
M&V is a prerequisite to assess the performance 
of any energy, water, or  CO2-saving measure, and 
to quantify the savings into physical and monetary 
units for reporting, re-financing, GHG accounting, or 
other purposes. However, in practice, M&V is often 
perceived (particularly by clients) as cumbersome, 
incomprehensible, and costly.
 In the broader context, energy cost savings alone are 
often not a sufficiently strong project driver because 
they lack strategic relevance for decision makers. As 

“Multiple Benefits” of EE become better understood, 
the value of quantifying savings to a high degree of 
accuracy may be declining, creating opportunities for 
more flexible M&V standards. 
As a new methodology, this conceptual paper pro-
poses to combine simplified M&V (sM&V) for 
individual EE measures with quality assurance 
instruments (QAIs) to verify functionality. This 
“sM&V + QAI” approach is less cumbersome, less 
costly, and easier to comprehend than standard M&V 
approaches, particularly by clients, financiers, and 
other non-M&V experts. It has been reviewed by 
international experts and successfully tested and eval-
uated in the field. Multiple case studies are reported 
to verify its practical feasibility.

Keywords Measurement and verification · Quality 
assurance instruments · Energy saving · Energy 
efficiency · ESCo · Multiple benefits · Energy 
management

Introduction

Energy efficiency (EE) and related energy savings are 
essential resources in the transition towards “Net Zero 
by 2050” and imperative to reaching our climate goals 
(International Energy Agency, 2021a). Emission 
models have shown that significant improvements in 
overall EE are necessary for top emitting countries to 
meet their climate commitments (Anasis et al., 2019). 
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Since 2013, the International Energy Agency (IEA) 
has prominently labeled EE as the “first fuel” (IEA. 
and Organisation for Economic Co-operation and 
Development, 2013). Fatih Birol, Executive Director 
of the IEA, has summarized this imperative for EE 
and its “Multiple Benefits”: “I consider energy effi-
ciency to be the very ‘first fuel’ because it is crucial 
to address climate change and make our energy sup-
plies more secure while also leaving money in our 
pockets” (International Energy Agency (IEA), 2021).

EE retrofits and associated savings can also reduce 
energy costs for end-users by lowering energy con-
sumption (Abd Alla et  al., 2020; He et  al., 2021). 
Of equal importance, EE induces many other “Mul-
tiple Benefits” such as reducing dependence on fos-
sil fuels, and its political and economic implications 
(through imports) may lead to an increase in security 
of supplies (International Energy Agency, 2013).

However, research shows that there are numer-
ous barriers to the implementation of EE measures 
(EEMs), (Jaffe & Stavins, 1994; Trianni et al., 2016), 
creating what has been described as the “energy effi-
ciency gap” and “energy service gap” (Hirst & Brown, 
1990; Schleich & Gruber, 2008), which exist between 
the significant potential for EE projects and the number 
of projects actually being implemented. Considering 
an EE project cycle value stream (planning, financing, 
implementation, and operation), an important and often 
overlooked barrier to the greater application of EE is 
the difficulty in monitoring and evaluating the result-
ing savings during operation. By their very nature, sav-
ings are intangible, coined as “Negawatts” by Amory 
Lovins (Lovins, 1990). Savings represent the absence 
of consumption, which can only be assessed indirectly 
by comparing an ex ante reference “Baseline” period 
and an ex-post “Reporting” period (Efficiency Valu-
ation Organization, 2022; CEN/CLC/TC 14,  2012; 
International Organization for Standardization, 2014), 
(see “Appendix: basic methodology and equations for 
savings calculations”  for some background on M&V 
fundamentals). Moreover, demand-side EE potentials 
are typically decentralized, heterogeneous, and small-
scale opportunities (Seefeldt et  al., 2013, 2016). This 
adds to their perceived complexity and obfuscates their 
value, especially in comparison with renewable gen-
eration, the benefits of which are easier to comprehend 
and measure.

The process of quantifying savings from EEMs is 
commonly known as measurement and verification 

(M&V) and includes creating M&V plans, data col-
lection, savings calculations, statistical analysis and 
adjustments, and reporting (Efficiency Valuation 
Organization, 2022). M&V is the basis to translate 
physical energy or demand savings into a related 
reduction in  CO2 emissions (World Business Council 
for Sustainable Development and World Resources 
Institute, 2005), as well as into monetary units. It can 
be used to derive verifiable future cash flows from 
savings for reporting, EE financing, performance-
based energy services company (ESCo) contracts, or 
other purposes (Bleyl et al., 2014). Reliable M&V of 
EEM savings is critical for the financial settlement of 
utility incentives and energy performance contracts 
(Newsham, 2019). Evaluating the impacts of EEMs 
also supports the ongoing success and promotion of 
EE (Kissock & Eger, 2008).

The literature describes a number of barri-
ers to M&V, including lack of human and financial 
resources, difficulties preparing an efficient and clear 
M&V plan, and the availability and reliability of data 
(Efficiency Valuation Organization, 2022). Savings 
verifications are often complicated by a lack of com-
parability between Baseline and Reporting Periods 
because utilization of the facility, energy prices, or 
climate conditions may have changed over this time-
frame (Kissock & Eger, 2008; Walter et  al., 2014). 
M&V can also be expensive and time-consuming 
(Díaz et al., 2018). Particularly in the case of in-house 
EEM implementations (those done without the help 
of expert EE contractors), suitable M&V options and 
details of their potential application may not be well-
understood, resulting in no M&V at all. The issue of 
transaction costs is particularly prohibitive for smaller 
projects, where M&V costs are high relative to total 
project costs and expected energy-cost savings (Bleyl-
Androschin et al., 2009). However, the academic lit-
erature has scarcely researched the issue of complex-
ity and comprehensibility of M&V methodologies for 
non-M&V experts such as end-users, financiers, or 
other stakeholders, a common issue the authors have 
seen in the field.

An overarching and rarely discussed issue in the 
field is the perceived complexity and incomprehensi-
bility of M&V, particularly for the large stakeholder 
group of non-M&V experts. Writing and understand-
ing M&V reports require expertise and resources 
that are not necessarily available to a facility owner 
or other key decision-makers of EE projects. On 
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occasion, M&V is driven by dedicated engineers who 
strive to be exact but lose sight of how M&V efforts 
fit within the overall business case. Oftentimes, M&V 
needs to be outsourced and conducted by external 
project or program evaluators; consequently, a sav-
ings verification that is costly and difficult to under-
stand will likely serve as a barrier for EE project 
owners to engage in EEMs and to pursue M&V (Vine 
& Sathaye, 2000a). Another concerned stakeholder 
group are financiers who may hesitate to fund effi-
ciency projects if the risks cannot be easily translated 
into terms they comprehend.

In many European markets, such as the long-estab-
lished performance-based ESCo markets in Germany 
or Austria, M&V is typically done by examining 
utility meters and invoices using a “whole facility” 
approach (Energiespar-contracting et  al., n.d.); “ret-
rofit isolation” techniques are either unknown or 
not accepted as common practice for the verifica-
tion of cash flows from energy savings. Whole facil-
ity approaches require project savings to be sig-
nificant enough to be “visible” at the utility meter 
(typically > 10% of consumption), and the techniques 
may only be comprehensible to those with signifi-
cant M&V experience. However, retrofit isolation is 
a common practice in North American-influenced 
markets and is an approach supported by the US 
Department of Energy (Federal Energy Management 
Program, 2015). There may be an opportunity in 
Europe to improve M&V comprehensibility to a wide 
audience, as well as the applicability of M&V more 
generally, by adopting retrofit isolation techniques as 
common practice.

Demand side management (DSM) program admin-
istrators also face challenges with M&V. Despite typ-
ically reporting program-level savings (comprised of 
many individual projects), and generally being moti-
vated to conduct projects on a timescale that does 
not allow for fulsome Baseline and Reporting Period 
measurements, they may be obligated by regulation 
or convention to comply with rigorous M&V stand-
ards that were developed for the ESCo industry and 
were designed to produce highly accurate measure-
level savings.

From a broader perspective, there are addi-
tional benefits from EE investment projects such as 
local employment creation, health improvements, 
increases in comfort, and productivity of build-
ing occupants or product quality, termed “Multiple 

Benefits of Energy Efficiency” by the International 
Energy Agency (2014). These strategic benefits 
sometimes constitute more important motivations 
for stakeholders to invest in EEMs than cost sav-
ings (Bleyl et  al., 2014, 2019; Ürge-Vorsatz et  al., 
2016), which are traditionally thought to be the 
main drivers of projects. The significance of these 
other benefits may reduce the value of a very rigor-
ous M&V regime that is based only on quantifica-
tion of energy cost savings.

All of the aforementioned adds to the inherently 
complex and abstract nature of EE projects and sav-
ings. This complexity may lead to insecurity and 
risk perception of stakeholders, such as energy 
managers, project developers, and ESCos, as well as 
financiers with a vested interest in verifiable future 
cash flows. As a result, EE projects may entail addi-
tional efforts, cost, risk surcharges, or no project 
implementation at all.

Bonneville Power Administration (BPA) recog-
nizes the opportunity to tailor M&V approaches 
to different stakeholder needs. Their M&V Proto-
col Selection Guide states “Perhaps the most chal-
lenging issue in conducting measurement and veri-
fication (M&V) activities is deciding how good is 
good enough. There is never absolute certainty 
when determining energy efficiency savings; one is 
always making an estimate because of the counter-
factual circumstances.” (Bonneville Power Admin-
istration, 2018a).

With the exception of some jurisdictional guides, 
little attention has been paid in the literature to sim-
plified M&V solutions and the practical challenges 
outlined above. The literature review revealed a scar-
city of papers focussing specifically on the issue of 
aligning the M&V approach with end-user needs; in 
particular, the challenge of comprehensibility for non-
M&V experts and its impact on investor and financier 
confidence in EE projects. The scarcity of scientific 
knowledge on simplified M&V (sM&V) have led to 
the following research questions:

1. How can M&V be structured to be more easily 
accessible and more broadly applicable?

2. How can M&V be made more comprehensible 
and convincing to non-M&V experts?

3. How can verification be strengthened to reduce 
reliance on costly measurement and complex 
analyses?



 Energy Efficiency (2024) 17:37

1 3

37 Page 4 of 24

Vol:. (1234567890)

4. Can M&V be made simpler while retaining a 
level of accuracy that is acceptable to project 
stakeholders?

The aim of this conceptual paper is to address the 
questions above by presenting a novel approach of 
simplified M&V combined with quality assurance 
instruments (referred to as sM&V + QAIs) and dis-
cuss its beneficiaries and applications. As a result, 
this proposed methodology should increase com-
prehensibility and reduce the perceived risks of EE 
projects. We believe the sM&V + QAI approach will 
enable the implementation of a greater range of EE 
projects by making their benefits quantifiable and 
comprehensible to all stakeholders at a reasonable 
cost, effort, and timeline.

The paper is structured as follows: the iterative 
development approach of the new methodology is 
described in the “Methods” section, followed by 
a literature review of academic and non-academic 
sources in the “M&V in the literature” section. The 
sM&V + QAI methodology is introduced in the “A 
new M&V methodology: simplified measurement 
and verification (sM&V) combined with quality 
assurance instruments (QAI)” section, with a pro-
posed categorization scheme of QAIs and examples 
for each. The “Multiple case studies of sM&V + QAI 
within IEC framework” section validates the meth-
odology through multiple cases studies conducted 
under the Integrated Energy Contracting (IEC) model 
in Europe. A concluding discussion of the proposed 
methodology and its opportunities and applications 
for the EE industry and other beneficiary stakeholders 
follows in the “Concluding discussion” section, also 
discussing the evolving relevance of exact savings 
quantification compared to identification and quantifi-
cation of MBs. Basic M&V definitions and equations 
are presented in the “Appendix: basic methodology 
and equations for savings calculations” section.

Methods

This novel sM&V + QAI methodology provides a 
conceptual framework for a practical application, and 
the tools, principles, and rules by which simplified 
M&V practice may be structured. The methodology 
was built by iterating on the core concept through 

four main development steps. Referring to the num-
bered points in Fig. 1, these were:

1. Conceptualization and development of a com-
bined energy savings and supply ESCo model 
(“Integrated Energy Contracting” (IEC) model) 
that produced and relied on an early iteration of 
the sM&V + QAI concept.

2. Pilot application and refinement of the new 
sM&V + QAI within the IEC-ESCo model, 
including the sM&V + QAI methodology in nine 
market-based projects in the field.

3. The development and piloting were accompanied 
by reviews from international ESCo and M&V 
experts.

4. A comprehensive review of academic and grey 
literature during preparation of this paper.

This partly parallel and iterative development pro-
cess (steps 1–4) is visualized in Fig. 1.

Expanding on the above overview, the sM&V + QAI 
methodology was originally developed in the frame-
work of the IEC model, which combines savings and 
(in our case studies, mostly renewable) supply of energy 
in a performance-based energy service model (Bleyl, 
2011). In IEC projects, sM&V + QAIs are designed to 
quantify and verify the performance of energy-saving 
measures in the integrated energy service package. In 
most cases, a “retrofit isolation” technique is suggested.

For empirical testing and further development, nine 
market-based pilot projects were implemented in the 
field in Austria. The case studies conducted for this 
paper were based on Yin (2013). They included both 
thermal and electricity EEMs and were extracted from 
ESCo contracts of IEC projects implemented between 
2010 and 20171 (LIG, 2017). Empirical validation of 
the sM&V + QAI methodology was achieved through 
its successful application in nine real-world pilot pro-
jects (see the “Multiple case studies of sM&V + QAI 
within IEC framework” section). These projects were 
evaluated by an independent third party and resulted in 
operational feasibility and wide stakeholder acceptance 
by clients as well as ESCos (Wabl, 2021). However, it is 

1 Case studies: nine private ESCo contracts between Landes-
immobilien-Gesellschaft mbH, Austria and several ESCo com-
panies, which are available to the lead author.
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important to note that no quantitative comparison with 
more thorough M&V methods was completed.

Accompanying the real-world pilots, the develop-
ment process has received support through reviews 
by international ESCo and M&V experts affiliated 
with the International Energy Agency’s Demand-
Side Management Technology Collaboration Pro-
gram (IEA DSM TCP). This evaluation process led 
to the publication of a conference paper by Bleyl et al. 
in 2014, demonstrating the credibility and accept-
ance of the sM&V + QAI approach within the expert 
community (Bleyl et  al., 2014). Furthermore, Ger-
man experts from the ESCo Competence Centre of 
the German Energy Agency (dena) discussed and 
endorsed the concept. As a result, dena has published 
a guidebook on M&V in Energy Performance Con-
tracting based on the DSM TCP Task 16 publication 
(Deutsche Energie-Agentur GmbH (dena), 2015).

To confirm that the sM&V + QAI concept is new 
and useful to the academic literature on an international 
scale, a literature review was conducted (“M&V in 
the literature” section). The academic literature review 
was accomplished through the Web of Science data-
base using 11 unique search strings, each comprised 
of various combinations of the terms “measurement,” 
“verification,” “evaluation,” “energy,” “saving,” “effi-
ciency,” “simplified,” “ESCo,” “demand side manage-
ment,” and “IPMVP.” A search string that required 
only the terms “measurement” and “verification” was 
eliminated, as it returned 17,993 results, most of which 
were not related to EE projects. Of the remaining 2331 

papers, most were eliminated based on a review of their 
titles, which suggested they were not related to quanti-
fication of energy savings. Papers already known to the 
authors were also included, resulting in approximately 
80 papers undergoing a full review. These papers were 
classified according to their key themes, the specific 
M&V issues they addressed, whether they referenced 
the IPMVP, and whether they identified a need for 
new practices and guidelines to be developed. Besides 
reviewing current topics of discussion, the existence 
of any such M&V methods which follow a simplified 
approach, as well as end-user and other stakeholder per-
spectives on quantifying and verifying EE resources, 
was investigated.

Non-academic literature sources were either already 
known to the authors or found through web searches 
with similar keywords as above. In parallel with the real-
world case studies, the sM&V + QAI concept was peer-
reviewed and validated by experts from the IEA DSM 
Technology Collaboration Program (TCP), which led 
to a conference paper (Bleyl et al., 2014). Furthermore, 
German experts from the ESCo Competence Centre 
of the German Energy Agency (dena) discussed and 
endorsed the concept. As a result, dena has published a 
guidebook on M&V in Energy Performance Contracting 
based on the DSM TCP Task 16 publication (Deutsche 
Energie-Agentur GmbH (dena), 2015).

Where sensible, the terminology in this paper is 
aligned with IPMVP’s terminology (Efficiency Valu-
ation Organization, 2022), which is a de facto interna-
tional industry standard.

Fig. 1  Visualization of 
sM&V + QAI development 
process
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M&V in the literature

Academic literature

An academic and grey literature review was con-
ducted to explore current research and practice on 
M&V methodologies. Results have been structured 
according to the following overarching M&V themes 
identified: 1, balancing accuracy and cost; 2, the role 
of automation; 3, comparability and accuracy; and 4, 
challenges and opportunities for simplification. An 
overview of non-academic literature is also presented, 
with a short analysis of leading industry and jurisdic-
tional guides that incorporate both in-depth and sim-
plified approaches to M&V into their practices.

Balancing of accuracy and cost

The overarching issue regarding design of an M&V 
plan, as discussed in the literature, is finding the appro-
priate balance between the level of effort (i.e., time 
and cost) with the desired level of accuracy in reported 
savings. M&V methods often require time-consuming 
manual data acquisition, potentially delivering final 
results years after a project has ended (Granderson 
et  al., 2016). An example of this type of data acqui-
sition is raised in a report by Kramer et al. where the 
benefits of Energy Management Information Systems 
(EMIS) for M&V are discussed. Most of the EMIS 
systems studied are used to perform M&V in accord-
ance with IPMVP Option C, where post-implementa-
tion energy usage at the facility level is compared to 
an adjusted baseline. This approach typically requires 
12  months of post-implementation data to report on 
annual savings and an enhanced need for understand-
ing of the EMIS system (Kramer et al., 2013).

As referenced in the US Dept. of Energy Guide 
on M&V (2015), estimates put overall annual M&V 
costs at 2 to 5% of typical annual project cost sav-
ings with some EEMs entailing greater M&V costs 
(Federal Energy Management Program, 2015). These 
cost figures can impact the ability for smaller or more 
complex efficiency projects to move forward.

Vine et  al. recognized that the higher the cost of 
M&V activities, the less likely organizations are to 
develop and implement EE projects (Vine & Sathaye, 
2000b). As Mills et al. note, there is increased inter-
est in measurement and verification, and insufficient 
resources to “measure everything.” They state that 

there is a need to prioritize the options, as some meas-
ures merit measurement more so than others, depend-
ing on the uncertainties and level of risk acceptable to 
the customer (Mills et al., 2006).

The issue of large M&V expenses led some 
researchers to explore the need for flexibility and cost 
reduction. Though not explicitly stated as a simpli-
fied approach to M&V, Cabrera et al. established that 
simple engineering estimations of savings based on 
information collected could achieve similar results 
to enhanced engineering estimations from meas-
urements and prove more time- and cost-effective 
(Cabrera et al., 2012). Vine et al. highlight this idea in 
their discussion on short-term monitoring, stating that 
short-term measurements produce gains in accuracy 
nearly equivalent to that of longer-term metering at a 
fraction of the cost (Vine & Sathaye, 2000b).

Role of automation

The advancement of information and communication 
technologies has led to a developing field sometimes 
called “M&V 2.0,” which takes advantage of increased 
data availability and enhanced analytical techniques, 
such as machine learning, to perform M&V activi-
ties (Nowak et  al., 2017), (Díaz et  al., 2018). A goal 
of M&V 2.0 is to reduce the cost of M&V performed 
as part of program savings evaluations through reduced 
need for site visits to perform on-site measurement 
(Rogers et  al., 2015). The field is primarily being 
developed for use as part of program evaluations, 
which does not necessarily include validation of sav-
ings at a high level of accuracy for each individual pro-
ject or facility (Franconi et al., 2017), as performance 
of these initiatives is typically managed and reported at 
the program, rather than project or measure level.

In regard to commercial building modelling, 
Granderson et al. suggest that the growing availabil-
ity of data from smart meters and devices, combined 
with advanced data analytics, offers the potential to 
streamline the M&V process through increased levels 
of automation, maintaining or improving the accuracy 
of the result (Granderson et  al., 2016) while poten-
tially reducing both time and cost of M&V.

Comparability When selecting an M&V approach, 
the balance between time and cost is typically decided 
through consultation between M&V experts and the 
energy end-user and may be selected differently for 
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projects of the same type (in different applications, 
with different clients and M&V experts), raising the 
issue of comparability of project savings. Standards 
have emerged in the form of “interpretations” of 
the IPMVP, which aim to standardize practices and 
improve comparability of savings.

Bertoldi and Kromer state that the IPMVP is the 
only international standard for assessing efficiency 
impacts, although there are still large gaps to be filled 
before the methods are accepted globally (Bertoldi & 
Kromer, 2006). One of these gaps lies in the issue of 
comparability. Though discussed at the national and 
program level, Thomas et  al. mention the need for 
harmonization, and the importance of a method that 
looks at how calculated energy savings can be made 
comparable between countries (Thomas et al., 2012).

Xia et al. address the problem of accuracy in IPMVP 
methodologies, stating that there is too much reliance 
placed on professional judgement, and that this could be 
resolved through the use of mathematical modelling to 
more consistently select the optimal M&V plan (Xia & 
Zhang, 2013). Another issue identified by Walter et al. is 
that most statistical methods reported in the literature do 
not quantify the uncertainty in baseline energy use pre-
dictions. They assert that there is substantial uncertainty 
in baseline estimates, and a better method to address 
this uncertainty would be a critical addition to existing 
IPMVP M&V tools (Walter et  al., 2014). Mills et  al. 
agree, stating that the risks in the measurement and veri-
fication of savings range from simulation and metering 
accuracy to measurement bias (Mills et al., 2006).

Challenges and opportunities for simplification The 
literature reflects some concerns with oversimplifying 
M&V approaches in order to maintain an appropriate 
degree of accuracy. Walter et al. state that external fac-
tors such as weather, occupancy, and operating hours, 
which have complex relationships to the energy con-
sumption, can impact the uncertainty associated with 
baseline predictions (Walter et  al., 2014). Kissock 
et al. have expressed concerns with over-simplifying 
M&V and ignoring the significance of adjusted vs. 
unadjusted savings. They advise that a regression 
analysis method that identifies weather-dependent, 
production-dependent, and independent components 
is necessary to determine the energy savings from an 
industrial retrofit and state that if these variables are 
not accounted for in M&V methods, resulting savings 
will be erroneous (Kissock & Eger, 2008).

It was also observed that the academic literature 
provides no evidence on the issue of complexity and 
comprehensibility of M&V methodologies for non-
M&V experts such as end-users, financiers, or most 
other stakeholders.

Industry and jurisdictional guides

A review of non-academic literature was conducted to 
examine how various M&V methodologies have been 
put into practice by different industries and jurisdic-
tions and how industry has attempted to address the 
issues mentioned above. Non-academic literature is 
particularly important to this subject as industry prac-
tices are typically driven by standards developed within 
industry and prior to recognition in academic literature. 
In this review, both industry and jurisdictional guides 
were considered.

Industry guides

The IPMVP is an international standard used in many 
countries to guide M&V activities (Xia & Zhang, 
2013). It defines one general framework for M&V 
and four options for M&V. Its predecessor, the North 
American Measurement and Verification Protocol, 
was originally developed by a committee under the US 
Department of Energy. The IPMVP is maintained by 
Efficiency Valuation Organization (EVO), a non-profit 
organization, which publishes the protocol in several 
languages as “IPMVP: Core Concepts” (Efficiency 
Valuation Organization, 2022). Its use is widespread 
and serves as the basis for several other standards (Nat-
ural Resources Canada—CanmetENERGY, 2008).

The American Society of Heating, Refrigerat-
ing and Air-Conditioning Engineers (ASHRAE), in 
their Guideline 14–2014, describe in-depth and rigor-
ous approaches both for retrofit isolation and whole-
building analysis techniques which are similar to 
IPMVP (ASHRAE, 2014). The standards set out in 
the document are intended for use by ESCos, provid-
ing calculation procedures for determining the sav-
ings from energy, demand, and water EEMs.

The Federal Energy Management Program 
(FEMP) under the US Department of Energy has 
developed a 4th version of their M&V Guidelines 
for performance-based contracts explicitly based on 
procedures that are consistent with the IPMVP and 
provides suggestions for which of the four IPMVP 
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options could be used for different measure types 
(Federal Energy Management Program, 2015).

The Uniform Methods Project, an initiative of the 
US Department of Energy, provides explicit M&V 
protocols for common measures, which are based 
on the IPMVP and other standards. It is intended to 
bring consistency and comparability to utility elec-
tricity efficiency programs and is widely referenced 
among DSM organizations in North America (Li 
et al., 2018).

On an international level, ISO 50015 “Meas-
urement and verification of energy performance 
of organizations—General principles” provides an 
M&V framework for organizations (International 
Organization for Standardization, 2014). It does not 
give concrete guidance on how to perform M&V, but 
establishes general principles and guidelines.

While not directly related to M&V, the National 
Standard Practice Manual’s (NSPM) novel Juris-
diction Specific Test (JST) may stem from a similar 
philosophy as the sM&V + QAI concept. EE pro-
grams in North America are typically economically 
justified through the application of one or more cost-
effectiveness tests originally defined in the California 
Standard Practice Manual, none of which may accu-
rately reflect modern policy goals. Rather than jus-
tify programs using one of these traditional tests, the 
costs and benefits included in the JST are defined by 
stakeholders involved in its development; it therefore 
encourages inclusion of only what is deemed impor-
tant and expulsion of everything else (Woolf et  al., 
2020).

Jurisdictional guides

Some jurisdictions have developed their own set of 
standards in regard to EE programming. The Aus-
tralian Government built the Energy Savings Meas-
urement Guide 2.0 as a technical framework under 
the Energy Efficiency Opportunities program and 
is intended for use by corporations who are signifi-
cant energy users. These corporations are required to 
undertake thorough assessments of their energy con-
sumption and to identify energy conservation meas-
ures (Australian Department of Resources Energy 
and Tourism, 2013). The guide provides procedures 
and calculations to estimate, measure, and report on 
EE guidelines, with a focus on accuracy and precision 

of data collection, and the use of regression and sta-
tistical analysis in pre- and post-retrofit scenarios.

An example of a simplified approach is present 
in the Ontario Power Authority’s (OPA’s) 5th ver-
sion of the Project Measurement and Verification 
Procedures (2014) for the Save on Energy Ret-
rofit Program (Ontario Power Authority, 2014). 
Though these procedures are explicitly based on 
IPMVP, the document provides both “basic” and 
“enhanced” M&V options for specific EEMs, with 
the selection dependent on the size of the incentive 
the retrofit project is receiving from the OPA. The 
OPA’s development of simplified M&V approaches 
suggests an industry need for more clearly defined 
standards for sM&V.

Classifying projects into those that require “basic” 
M&V versus “enhanced,” the OPA focuses on the 
primary considerations for comparability of a meas-
ure: Is the load constant and are the operating hours 
constant? Spot measurements suffice for constant 
loads and stipulated values are used when hours are 
constant—if either of these are variable, short-term 
or continuous measurement may be needed. For 
smaller projects with more certainty, stipulated val-
ues may be accepted, and with larger projects with 
more uncertainty, spot- or short-term measurement 
on a representative sample of loads or hours is com-
pleted. Extended post retrofit monitoring is generally 
not undertaken (Ontario Power Authority, 2014).

The Bonneville Power Administration (BPA) is 
another jurisdiction employing a simplified approach 
to M&V referred to as Energy Calculation with Veri-
fication (ECwV). Custom projects that save less than 
200 MWh per year adhere to the ECwV protocol; pro-
jects above 200 MWh that have implemented more 
comprehensible and straightforward measures may 
also be suitable for following the simplified ECwV 
approach. The guidelines for this protocol require 
fewer resources and lower costs, often relying on 
methods such as spot measurements and nameplate 
verification. In a sample of Custom projects that were 
evaluated with the ECwV protocol and compared with 
a standard M&V approach, savings calculated with 
ECwV resulted in a conservative 73% of the savings 
using traditional M&V methods (Rodrigues-Anderson 
et al., 2022). The BPA has developed a full document 
stipulating the guidelines for the ECwV protocol, out-
lining the methods and approaches for M&V for both 
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existing and new construction buildings (Bonneville 
Power Administration, 2018b). The Measurement and 
Verification Protocol Selection Guide and Example 
M&V Plan provides guidance to the M&V practitioner 
by outlining the criteria to evaluate a Custom project 
in terms of level of effort and rigor required, and how 
factor such as cost, safety, and time may influence the 
selected M&V approach (Bonneville Power Adminis-
tration, 2018a). A flow chart in the guide provides a 
set of boundaries and questions that determine whether 
the ECwV protocol is the most appropriate approach 
for a Custom project.

The industry literature indicates a clear desire for 
further development of M&V practices: in 2017, 
Lawrence Berkeley National Laboratory summarized 
11 evaluation, measurement and verification research 
gaps identified in an earlier paper from the American 
National Standards Institute, which included several 
gaps regarding standardization of approaches on pro-
ject and program levels, as well as a desire for more 
research regarding how to characterize efficiency pro-
jects in financial terms (Schwartz et al., 2017).

A new M&V methodology: simplified 
measurement and verification (sM&V) combined 
with quality assurance instruments (QAI)

This results section presents the novel M&V 
approach, based on the development process out-
lined in the methods section. The methodology 
consists of two core elements applied to EEMs: 
simplified measurement and verification (sM&V) 
options, combined with quality assurance instru-
ments (QAIs), together forming the sM&V + QAI 
methodology. An empirical validation of the meth-
odology through multiple case studies is presented 
in the “Multiple case studies of sM&V + QAI within 
IEC framework” section.

Simplified measurement and verification options for 
EEMs

Savings from EE projects cannot be measured 
directly, with a few exceptions to the rule.2 Instead, 
savings can only be calculated indirectly by com-
paring between an ex ante reference period (prior to 
EEM implementation, called the Baseline Period or 
BP) and an ex post period (after EEM implementa-
tion, called the Reporting Period or RP) (Efficiency 
Valuation Organization, 2022).

This difference calculation approach presupposes 
that a valid comparison can be made between the 
energy use (or demand) of BP and the RP. Comparabil-
ity between BP and RP usually requires making adjust-
ments for changes in conditions3 (Kissock & Eger, 
2008; Walter et  al., 2014). A more exact comparison 
requires excluding differences due to alterations in 
external variables like energy prices, climate condi-
tions, utilization of the facility, or different accounting 
periods. These adjustments can be applied in all kinds 
of M&V approaches including sM&V + QAI, if so 
desired, or could be deliberately left out for simplicity, 
if stakeholders agree to such an approach.

Table 1 summarizes M&V options used in litera-
ture sources and the IEC case studies. The options 
have been classified according to their scope of appli-
cation for I. Whole facility and II. Individual, isolated 
EEMs. All M&V options have been assigned number 
codes (e.g., M I-1). The table also references respec-
tive calculation formulae for each option (e.g., F E-1) 
with formulae details described in the “Appendix: 
basic methodology and equations for savings calcula-
tions”  section. For the purpose of sM&V + QAI, we 
focus on isolated measure-based options as in section 
II of Table 1. This subset of options could serve as the 
basis for a future sM&V standard.

The individual, isolated EEM savings options 
encompass sub-metering (M II-1), combinations of 
metering of selected key parameters and computa-
tional factors (M II-3), purely computational verifi-
cations (M II-4), and savings calculated from feed-in 
sub-meters after a retrofit (M II-5). All individual, 
isolated EEM savings assessment methodologies 
listed in section II of Table  1 can be applied in the 
sM&V + QAI concept.

2 In some cases, it is possible to directly measure demand-
side savings at a customer’s premises behind a utility supply 
meter, provided 100% of the metered energy substitutes on-site 
consumption and can be used on-site: e.g., technologies like 
demand-side distributed solar thermal, photovoltaic or com-
bined heat and power units, heat recovery systems, and also 
external heat or cold supplies. These meter readings can reflect 
a direct measurement of energy saved (see M II-5 in Table 1).

3 A “control group” could possibly be used, provided compa-
rability, but this option is not investigated here.
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In order to maintain focus on the core principle of 
the sM&V + QAI methodology, all referenced basic 
savings calculations, as well as detailed sM&V equa-
tions, can be found in “Appendix: basic methodology 
and equations for savings calculations”  section.

Quality assurance instruments for EEMs

The second core element of the suggested sM&V + QAI 
methodology concerns quality assurance for the EEMs. 
As Waltz posits, “As a practical matter, try thinking of 
measurement and verification in the reverse: Verifica-
tion is perhaps more important than measurement and 
should be done first. In verification, the retrofit work is 
physically examined to confirm that the project can pro-
duce savings.” (Waltz, 2002).

The concept of QAIs for EEMs operationalizes this 
approach: In order to ensure and verify proper imple-
mentation and operation of an energy saving measure, 
and the validity and persistence of its savings, we pro-
pose to employ QAIs of various kinds. The purpose 
of a QAI is to assure the functionality or quality of 
an EEM. It can be used to verify that a specific EEM 
has been implemented correctly and is performing 
according to specifications, but not necessarily to 
measure its exact quantitative outcome. The IPMVP 
recommends a similar concept of “operational veri-
fications” after the RP, referring to it as verification 
of the “potential to perform and generate savings” 
and to help “ensure persistence of savings year after 
year.” Examples given are visual inspections, sample 
spot measurements, short-term performance testing, 
and data trending and control-logic review. However, 
IPMVP does not consider this part of its formal pro-
cess (Efficiency Valuation Organization, 2022).

For any given EEM, various QAIs can be used, 
depending on the nature of the EEM, availability of 
data, the level of comprehensibility and perceived 
risk to stakeholders, and other factors. We suggest 
grouping QAIs into four categories following a stand-
ard project lifecycle: Design, Commissioning and 
Operation, Performance, and Administrative. The 
intent of each category as well as some examples are 
presented in Table 2.

The selection of QAIs, as well as their exact 
design, will depend on the specific requirements of 
the project scope and the parties involved. QAIs can 
be specified in-house by an EE project owner, a facil-
ity manager, or an ESCo if involved in the project. In 

addition to selecting the most appropriate QAIs, the 
verification intervals also need to be defined. Simi-
lar to direct measurements, QAIs can be applied to 
an EEM once, immediately after implementation, 
or could be recurring throughout the project life-
cycle (e.g., monthly or annually). Recurring QAIs 
help ensure that first-year savings are maintained in 
each subsequent year and can identify any potential 
maintenance issues that may arise with the EEM 
equipment.

Simplified M&V approaches may also, in some 
instances, rely on direct measurements of key param-
eters, where the measurement is relatively straightfor-
ward. For certain measures, direct measurement may 
not be practical, increasing the relative usefulness of 
QAIs as a mechanism to back up savings estimates. 
For example, a traditional M&V approach might 
utilize regression models that attempt to quantify 
the impact of an EEM by monitoring facility energy 
consumption and removing the effects of weather 
and other factors, thereby isolating the impact of the 
EEM. An example sM&V + QAI approach requires 
two measurements—instantaneous energy con-
sumption before and after implementation—and 
three QAIs: (a) the “after” measurement is within 
the expected range, (b) expected savings are calcu-
lated by an independent third party and account for 
weather and interactive effects, and (c) the equipment 
is included in a preventive maintenance program. If 
those requirements are met, the parties would assume 
that the expected savings are occurring, ensuring the 
project owners or ESCos are realizing the benefits 
from their investment in the EE. If the final energy 
measurement was not within the expected range, this 
would indicate a potential error in the commissioning 
or savings calculations and prompt a review and cor-
rective action. The appropriate actions triggered by 
“failing” QAIs should be determined by stakeholders 
and agreed to before implementation.

In summary, QAIs cannot determine the exact 
quantitative savings of an EEM, which may be sub-
ject to a number of external and dynamic param-
eters that are not accounted for in sM&V and may 
change over the project lifecycle (see “Appendix: 
basic methodology and equations for savings cal-
culations”  section on differences in circumstances 
between BP and RP). However, QAIs can provide 
assurance and verification that an EEM is operating 
as designed that the EEM upgrades are providing at 
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least the same functionality as the system that was 
replaced, that the EEM was designed and installed 
with suitable expert oversight, and that EEM savings 
may persist year after year.

Multiple case studies of sM&V + QAI within IEC 
framework

The sM&V + QAI methodology has been extensively 
tested in the field to validate its relevance and prac-
tical feasibility. Twelve case studies are reported on 

in this section, where the sM&V + QAI approach has 
been successfully implemented under private ESCo 
contracts within the Integrated Energy Contracting 
(IEC) project framework from 2010 until 2017 (Bleyl, 
2011; LIG, 2017).

For all case studies of electricity EEMs in Table 3 
and thermal EEMs measures in Table  4, the sM&V 
options applied are referenced with the methodolo-
gies and formulae introduced in the “Appendix: basic 
methodology and equations for savings calculations” 
section.

Table 2  QAI categories and examples

QAI category:
Intent:

Design
Ensures accuracy of savings estimates

Examples: • Savings calculations are prepared or reviewed by a qualified independent energy consultant
• EEM specifications are designed by an independent energy consultant
• Technical specifications are developed by the facility owner to communicate and document energy-related objec-

tives and requirements to an ESCo (e.g., quality standards, maximum energy indicators, request of renewable 
energy sources with proof of origin, etc.)

• Measured Baseline Period energy consumption at the EEM level is used to estimate savings
• Incorporation of interactive effects in savings calculations
• Building certification (like EPBD or Green Building certificates) obtained through execution of the EEM

QAI category:
Intent:

Commissioning and operation
Ensures that the system is functioning as designed

Examples: • Proof of correct function through operational testing, parameter and operating records
• Requirements for formal commissioning by an ESCo or third-party commissioning agent
• Implementation management or supervision by an independent energy consultant
• Proof of implementation quality through one-time measurements (e.g., thermographic analysis and/or blower door 

tests for insulation upgrades)
• Proof of implementation quality through periodic verifications (e.g., surveys of staff knowledge of proper EEM 

equipment operation, verification of return air/water/refrigerant temperature in HVAC projects, verification of 
proper occupancy sensor operation, review of operating or maintenance records)

• Requirements for annual reporting (auditing): e.g., KPIs like heat demand per square meter, energy balances, com-
parison of target and actual values or benchmarks, suggestions for saving measures, etc

• Maintenance records, visual inspections, etc
QAI category:
Intent:

Performance
Ensures that the useful system output is comparable between the Baseline and Reporting Periods

Examples: • Direct measurements of system output are compared between Baseline and Reporting Periods (e.g., illuminance 
for lighting retrofits, flow and pressure for pump and fan retrofits)

• System energy consumption is monitored through an Energy Management Information System
QAI category:
Intent:

Administrative
Additional verification through records analysis and oversight

Examples: • Savings are estimated internally based on comparison of utility bills or sub-meter readings in the Baseline and 
Reporting Periods

• Maintenance records are reviewed to determine the EEM’s impact on required system maintenance
• Receipt of rebates from a utility or government organization after completing all program requirements
• Incorporation of system maintenance requirements into formal preventive maintenance program
• Policy of accountability for energy costs by operations managers
• Validation of key savings calculation inputs (e.g., system load or operating hours) > 3 months after implementa-

tion
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Electricity conservation measures within IEC 
framework

Table 3 provides six case studies of electricity EEMs that 
were implemented under IEC contracts in Austria using a 
sM&V + QAI approach. For example, the expected sav-
ings of a lighting retrofit (first item in Table 3) are calcu-
lated based on measured power demand in the Baseline 
and Reporting Periods and estimated operating hours. 
Three QAIs were determined to verify implementa-
tion completeness, quality, and ongoing functionality: 

replacement of all lights was confirmed via a walk-
through audit and invoice review, illuminance was meas-
ured at several representative locations around the facil-
ity and compared to minimum specifications, and proper 
equipment operation is verified annually.

In general, simple measurement approaches were 
used for at least one key parameter, as savings in 
electricity use or demand from individual measures 
are easier to isolate and physically easier to meas-
ure (e.g., power × operating time) than is the case for 
thermal EEMs as can be seen in the next subsection.

Table 3  Case studies of sM&V + QAI applications on electricity EEMs

a See list of sM&V methods in Table 1

Electric EEM sM&V  methoda and calculation examples QAIs and comments

Lighting retrofit Measured power demand before and after 
retrofit, calculated operation times (see 
M II-3a)

ΔERP = (PBP × tBP) – (P*RP × t*RP) x Num-
ber of lights

- Measured demand of three representa-
tive lights before and after retrofit, used 
average power

- Estimated 1800 h of operation per year

1. Proof of replacement of all lights
2. Lux measurement before and after 

replacement
3. Annual audit

Equip fan with variable-frequency drive Measured power demand and calculated 
operation times before retrofit, sub-meter 
after retrofit (see M II-3b)

ΔERP = PBP × tBP – E*RP
- Representative measurement before 

retrofit
- 1500 full load hours (based on operating 

records)
- New sub-meter for fan after retrofit

1. Visual inspection
2. Operational verification of equipment

Pump optimization in boiler room Savings calculated from sub-meter (see 
M II-1)

ΔERP = EBP – E*RP
- Measured of energy use before and after 

retrofit using sub-meter

1. Annual audit with functional tests

Replacement of pumps in boiler room and 
other substations

Computer simulation (see M II-4e)
ΔERP = EBP – ERP
- Calculated energy use before and after 

retrofit for all pumps using a suitable 
simulation program from the pump 
manufacturer

1. Inspection of pump settings (annually, 
together with walk through audit)

Lighting with movement sensors and 
daylight adaptation

Calculated savings using recognized com-
putational methods for input parameters 
(see M II-4d)

- Calculation according to DIN V 18599–4 
[14]

1. Operational verification (every 6 months)

On-site electricity generation from CHP Savings measured with feed-in sub-meter 
after retrofit (see M II-5)

ΔERP = ERP_Feed-in
- Electricity meter of on-site supply unit

No QAI deemed necessary except for elec-
tricity meter inspection
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Thermal energy conservation measures within IEC 
framework

Table  4 provides six examples of thermal EEMs 
using an sM&V + QAI approach that were imple-
mented in the same ESCo contracts as above. For 
example, the expected savings of a thermal build-
ing envelope insulation measure (second item in 
Table  4) are quantified through a heat-demand cal-
culation (incl. specification of simulation program) 
with Baseline and Reporting Period conditions and 
factored into a flat-rate cash flow for reporting or 
reimbursement. Two QAIs were selected to verify 
the implementation quality: A blower-door test to 
ensure the infiltration rate is within acceptable toler-
ances, and a thermographic analysis of the building 
to ensure that the insulation was built in according 

to technical specifications. In addition, annual vis-
ual inspections are agreed to verify status of retrofit 
measure.

Most cases use “computational verifications” (see 
M II-4), which is to say that the M&V approach does 
not actually include direct measurements impacting 
final savings, but that the savings estimates are robust 
enough to satisfy stakeholder needs when paired with 
appropriate QAIs.

Evaluation supports acceptance and viability

The selection of the sM&V and QAIs combinations for 
each EEM was determined through discussion between 
the client and ESCo and followed the approach as 
described in the previous “A new M&V methodol-
ogy: simplified measurement and verification (sM&V) 

Table 4  Case studies of sM&V + QAI applications on thermal EEMs

a See list of sM&V methods in Table 1

Thermal EEM sM&V  methoda and calculation examples QAIs and comments

On-site heat 
generation from CHP

Savings measured with feed-in sub-meter after retrofit (see M II-5)
ΔERP = ERP_Feed-in × 95%
- Heat meter of on-site supply unit
- 95% flat rate correction factor for downstream losses

No QAI deemed necessary except heat 
meter calibration period inspection

95% flat rate correction optional according 
to project specific set-up

Insulation of building 
envelope

Computer simulation (see M II-4e)
ΔERP =  EBP – E*RP
- EBP = From building energy certificate before upgrade
- ERP = From building energy certificate after upgrade

1. Blower Door Test
2. Thermographic analysis after upgrade to 

verify quality of the retrofit
3. Specification of simulation program

Installation of  
thermostatic valves

Calculated Baseline energy use, calculated Baseline fraction, 
calculated %-savings rate (see M II-4c)
ΔERP = EBP × 80% × 5%
- 80%: Calculated share of the energy used for heating
- 5%: Savings rate corresponds to 1 K drop in average interior 

temperature

1. Annual functional test
2. Automatic surveillance of temperature in 

two sample rooms with alarm when limit 
values are exceeded

Conversion of  
ventilation in wet 
rooms to hygroscopic 
control

Calculated Baseline energy use, calculated Baseline fraction, 
calculated %-savings rate (see M II-4c)
ΔERP = EBP × 10% × 5%
- 10%: Calculated share of thermal energy in wet rooms
- 5%: Savings rate

1. Operational test every six months

Reduction of thermal 
losses through better 
heat pipe network

Computer simulation (see M II-4e)
ΔERP = EBP – E*RP
- Calculated energy use of heat pipe network before and after 

retrofit with simulation program of the pipe system manu-
facturer

1. Automatic leakage control

Use-dependent  
temperature  
regulation with  
setback temperatures

Calculated Baseline energy use, calculated Baseline fraction, 
calculated %-savings rate (see M II-4c)
ΔERP = EBP × 80% × 12%
- 80%: Thermal energy demand for room heating
- 12%: Savings rate from simulation

1. Recording of reference room sensors, on 
north and south sides of building
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combined with quality assurance instrumentS (QAI)” 
section. The risks of these approaches and the ability 
of different partners to mitigate those risks were dis-
cussed, as well as the client’s ability to understand and 
willingness to participate in the M&V plan.

The multiple IEC case studies demonstrate 
the wide range of practical applications of the 
sM&V + QAI methodology for thermal and elec-
tricity EEMs in the field. Furthermore, a recent 
evaluation of nine IEC projects implemented in 
the province of Styria, Austria, which relied on the 
sM&V + QAI methodology for the savings part of 
the comprehensive ESCo package, also verified its 
practical feasibility. Wabl’s evaluation included 
semi-structured interviews with building occupants, 
building owners, and ESCos, and revealed no rel-
evant problems or concerns with the sM&V + QAI 
savings verifications (Wabl, 2021).

Concluding discussion

Reducing dependence from fossil fuels is not only a 
climate protection imperative (Anasis et  al., 2019), 
but also a political and economic necessity (IEA, 
2021b). EE has been identified as the “first fuel” and 
will have to play a leading role in the transition to 
low carbon, less import-dependent, and more locally 
based resource economies (Anasis et al., 2019; Inter-
national Energy Agency, 2013, 2021b).

Despite this clear and obvious strategy, the aca-
demic literature has repeatedly observed an “EE 
gap” (Hirst & Brown, 1990) and identified sev-
eral significant barriers to the greater application of 
EE resources (Backlund & Thollander, 2011; Jaffe 
& Stavins, 1994; Johansson & Thollander, 2018; 
Schleich & Gruber, 2008; Trianni et al., 2016). How-
ever, the invisible and intangible nature of EE and 
the related difficulties in measuring and verifying 
“Negawatts” are important and often overlooked bar-
riers to greater implementation of EE projects. In the 
scientific literature, there are few papers that discuss 
the impact of existing thorough M&V protocols, such 
as IPMVP, and the impediment they may present to 
stakeholders looking to implement energy-saving 
projects.

The concluding discussion is structured as follows: 
First, we assess how the proposed sM&V + QAI meth-
odology is designed to contribute to closing the EE gap. 

Second, the multiple beneficiaries and applications of 
the proposed sM&V + QAI methodology are discussed. 
Third, an assessment of the new methodology regarding 
other M&V methods as well as possible further activi-
ties and developments is addressed. Finally, we discuss 
the need for EE projects to be recognized as strategi-
cally relevant (Cooremans, 2011), which includes valu-
ation of more than energy cost reductions at the project 
level (Bleyl et  al., 2019); these “Multiple Benefits” 
should also be included in planning of EE policies and 
programs to help close the EE gap.

Simplified M&V + QAI methodology to contribute to 
narrowing the EE gap

This flexible approach allows for a reduction in 
unnecessary reliance on costly measurement and 
complex analysis that can in some cases be a bar-
rier to implementation. This makes M&V more 
broadly applicable in practice and may create 
additional potential for energy and GHG reduction 
projects.

The novel methodology—the systematic combi-
nation of simplified measurement techniques with 
quality assurance instruments (sM&V + QAIs)—
addresses the research questions listed in the introduc-
tion. First, it lowers the barrier for entry into M&V by 
not necessarily requiring practitioners to understand 
complex measurement and adjustment techniques in 
order to participate; it is an accessible and readily 
comprehensible approach that allows newcomers to 
make and execute simple M&V plans for their own 
projects. Second, by simplifying the measures of suc-
cess for such projects, it lowers the comprehension 
barrier, and thus perceived risk for outside financi-
ers to understand and become involved. Third, M&V 
costs can be reduced relative to existing practices by 
placing greater emphasis on QAIs to ensure proper 
installation and ongoing commissioning. Finally, 
allowing a wider range of approaches within an M&V 
plan (up to and including no measurement at all) 
allows for stakeholders to select an appropriate meas-
urement approach for each EEM.

Additionally, our approach helps to address the 
issue of balancing time and cost by providing greater 
flexibility, which was identified in the literature as 
an ongoing challenge with application of M&V 
(Cabrera et  al., 2012; Vine & Sathaye, 2000b). The 
use of repetitive QAIs (or “operational verifications” 
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as termed by EVO) also supports the persistence of 
energy savings and protects organizations against 
the decay of energy savings as equipment ages 
(Efficiency Valuation Organization, 2022). The 
sM&V + QAI approach does not address all issues 
identified in the literature review, such as the role of 
automation, comparability, and accuracy of M&V. It 
is primarily designed to address challenges with com-
prehensibility to non-experts, an issue that was not 
found to be discussed in the academic literature so far 
but is a barrier that should be addressed.

With this novel sM&V + QAI approach, the ques-
tion is not simply whether or not to do M&V for a 
project, but what level of M&V rigor is desired by 
stakeholders. Verifying proper functionality of an 
EEM can help stakeholders arrive at a reasonably 
accurate savings figure with comparatively little effort 
to traditional methods. Our proposal to make QAIs 
a mandatory part of the M&V process is consistent 
with Waltz’s approach of prioritizing verification over 
measurement: “Verification is perhaps more impor-
tant than measurement and should be done first” 
(Waltz, 2002). The IPMVP also suggests the concept 
of “operational verifications,” referring to the “verifi-
cation of the potential to achieve savings”; however, 
the IPMVP does not consider these operational verifi-
cations as part of its formal M&V process (Efficiency 
Valuation Organization, 2022).

The selection of an appropriate M&V approach 
should depend on the willingness and availability of 
expertise and resources to engage in and to follow 
up on a simplified or more comprehensive M&V 
plan. Among others, this will depend on the motiva-
tions of project stakeholders, types of EEMs, avail-
able data, and expected monetary savings that will 
justify (potentially recurring) M&V costs in order 
to balance effort and accuracy (Cabrera et al., 2012; 
Vine & Sathaye, 2000b). Thus, the selection of an 
appropriate M&V approach should be decided on 
a project-by-project basis and must consider the 
views of all project stakeholders and their ability 
to comprehend the approach, not just the desired 
approach of M&V experts. The concept is univer-
sally applicable; a small or simple project may rely 
more on QAIs and less on measurement, and a large 
or complex project may rely more on measurement 
and less on QAIs.

Kissock and Eger promote the idea that EEMs 
producing benefits that cannot be readily quantified 

through M&V are not worth pursuing, and the funds 
should instead be directed towards EEMs that have a 
higher likelihood of producing quantifiable savings 
(Kissock & Eger, 2008). However, in practice, EEMs 
do not only compete with other EEMs for funding, 
nor do they all produce the same magnitude or type 
of benefits per dollar of investment, nor are they pur-
sued solely for the energy cost savings (Bleyl et  al., 
2019; Cooremans, 2011). In contrast to the posi-
tion advanced by Kissock, the proposed methodol-
ogy supports the notion that investments in EEMs 
which stakeholders agree are very likely to produce 
savings (and very unlikely to increase costs) should 
not be overlooked due to uncertainty about whether 
actual savings can be quantified after the EEM is 
implemented, if such proof is not actually required by 
stakeholders. This way of thinking about conserva-
tion projects is more in line with other strategic busi-
ness decisions that follow a probabilistic “no regrets” 
decision-making approach, which does not invariably 
concern itself with ex post quantification.

By acknowledging that rigorous M&V is some-
times a barrier to the implementation of EEMs, one 
can also examine proposed changes to M&V stand-
ards through the lens of their impact on future emis-
sions reduction potential. Global potential for con-
servation projects can potentially be increased by 
shifting to a mindset where EEMs are considered 
regardless of how easily they lend themselves to ex 
post quantification. Changes to M&V standards can 
therefore be seen as a policy tool to drive deeper 
savings.

The sM&V + QAI approach is a methodology, pro-
viding a conceptual framework for a practical appli-
cation, and the tools, principles, and rules by which 
simplified M&V practice may be structured. The nov-
elty of this paper is in the documentation and formali-
zation of a method that has already proved to work 
in industry. It addresses issues with commonly used 
M&V approaches, which hopefully can hopefully be 
studied further and generalized into standards to max-
imize its practical usefulness.

Beneficiaries and applications of sM&V + QAI

There are multiple beneficiaries of the sM&V + QAI 
methodology, including clients, financial institutions, 
the operators of DSM programs that provide funding 
to produce EE savings, and ESCos. Applications that 
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would favor sM&V + QAI include, but are not lim-
ited to, measures implemented in-house, small-scale 
ESCo projects, and the introduction of retrofit isola-
tion techniques where they are not commonly used, 
e.g., in Europe. Finally, sM&V can aid in the quantifi-
cation of “Multiple Benefits,” a concept of increasing 
importance in evaluating EE projects.

Clients’ perspective

The sM&V + QAI methodology has significant value 
from the client’s perspective, as it improves the com-
prehensibility of the M&V process. The complex-
ity, perceived uncertainty, and cost of conventional 
M&V methodologies can be an impediment to secur-
ing funding for efficiency projects and may prevent 
M&V, or the efficiency project, from happening at 
all. This paper argues that sM&V + QAI methods can 
remove barriers to the implementation of EE projects 
(Vine & Sathaye, 2000b) by reducing M&V cost and 
complexity, thereby increasing comprehensibility of 
the verification process to non-practitioners of M&V 
(Wabl, 2021), while maintaining suitable levels of 
verification accuracy.

Financial institutions

Financiers may be hesitant to invest in projects where 
the reliability of future cash flows from savings is 
difficult for them to understand, with methods and 
results that are determined by engineers and per-
ceived as inscrutable by others. Investors unfamiliar 
with EE are not accustomed to having their profits 
directly determined by engineering calculations of 
what might have happened in a counterfactual base-
line scenario; they are typically more comfortable 
with verifiable facts, e.g., sales from the past quarter. 
By shifting focus from measurement to pre-project 
engineering calculations and QAIs to ensure proper 
functionality, the measures of success can be made 
relatively more comprehensible to financiers, reduc-
ing perceived risk compared to more comprehensive 
M&V approaches. From a financing institutions’ per-
spective, sM&V + QAI approaches may provide suffi-
cient evidence to value cash flows from future savings 
as a basis for repayment of debt or equity incurred 
from project investments.

In particular, retrofit isolation techniques allow the 
option of using different time schedules for each EEM, 

e.g., a one-off measurement resulting in a constant 
flat-rate savings approach for one measure, and peri-
odic tests at annual or monthly intervals for another. 
sM&V + QAI using retrofit isolation could demon-
strate that partial cash flows are secure in a shorter 
timeframe than whole-facility analysis of savings. Use 
of this technique where applicable may reduce overall 
project risk from the perspective of financial institu-
tions, without requirements to make adjustments due 
to weather conditions or use of the building for certain 
measures within a performance contract.

DSM organizations

The sM&V + QAI approach is well-suited to the type 
of energy saving reporting desired by DSM “Resource 
Acquisition” program administrators, who are often 
pressed to complete projects on timelines that do not 
allow for data collection over a full season. For those 
DSM organizations that report on lifetime energy sav-
ings, the use of periodic QAIs could substantiate or 
even extend the lifetime over which they claim savings, 
increasing total savings and improving overall cost-
effectiveness. QAIs are a tool to demonstrate that energy 
savings from a project are real and allow the project 
owner to make timely corrections to the measures if any 
issues have arisen. Further development of these con-
cepts into formal standards or guidelines would fill a gap 
identified in the M&V literature. There is likely indus-
try demand for this type of simplified standard, as evi-
denced by the Ontario Power Authority’s saveONenergy 
program’s prescribed use of both basic and enhanced 
M&V techniques (Ontario Power Authority, 2014) and 
the BPA’s ECwV approach, which has allowed them to 
extend their engineering resources to more efficiency 
projects and use limited financial resources more effi-
ciently (Rodrigues-Anderson et al., 2022).

Taking a broader look at the evolving energy 
efficiency industry, there is a parallel between the 
sM&V + QAI concept and the Jurisdiction-Specific 
Test (JST) concept from the National Standard Prac-
tice Manual (Woolf et  al., 2020), which is consid-
ered a best practice in North American DSM pro-
gram markets. Both approaches seek to replace the 
existing practice of attempting (and often failing) to 
adapt rigid standards for new situations, and instead 
promote development of bespoke methodologies 
where project or program stakeholders decide what is 
important to them and consider only that—regardless 
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of whether or not such an approach resembles exist-
ing practices elsewhere (Woolf et al., 2020).

In-house M&V

Comprehensibility and the time and effort required 
for rigorous M&V can also be a barrier for in-house 
implemented projects. A lower-cost M&V option 
could allow for the following: (a) Smaller projects to 
become “verifiable”; (b) reductions in overall project 
costs when compared to more comprehensive M&V, 
potentially leaving more funding available for other 
EEMs; and (c) more accurate calculation of cash 
flows from savings when compared to no M&V at 
all. Simplified approaches can be a reasonable com-
promise between no M&V at all and a more compre-
hensive M&V approach, allowing for more consistent 
comparison of project savings without adding undue 
cost burdens to project proponents.

ESCos and smaller projects

A sM&V + QAI approach can reduce risk for both 
the ESCo and project stakeholders. With an agreed 
sM&V + QAI plan, all parties have established 
an acceptable, comprehensible, and cost-effective 
approach to quickly verifying energy savings. For 
instance, instantaneous measurements at determined 
intervals in the pre- and post-implementation scenar-
ios ensure the ECM is operating within the expected 
range. This demonstrates the savings are being real-
ized for the project owner, and the ESCo may then be 
reimbursed based on the calculated savings in their 
performance contract.

When proposed by an ESCo, QAIs can also be used 
as part of the competition of solutions during a pro-
curement process, or the detailed project design phase.

The sM&V + QAI methods can also remove bar-
riers to M&V of smaller projects, while maintaining 
suitable levels of verification accuracy. For small-
scale Energy Performance Contracts (EPC) or combi-
nations of Energy Supply Contracts (ESC) and EPCs 
(such as in the IEC model), or other performance-
based energy service projects, the initial and peri-
odic time and effort to conduct an IPMVP-compliant 
M&V approach may be prohibitively high or simply 
not desired for various reasons as mentioned in the 
introduction.

IPMVP “Option C” only markets

From a European perspective, it is interesting to note 
that “retrofit isolation” techniques are the exception 
rather than the rule, as evidenced by the German 
Energy Agency dena’s guidebook (Deutsche Ener-
gie-Agentur GmbH (dena), 2015), whereas IPMVP 
Options A or B are common practice in North Amer-
ica and many North American-influenced markets. 
Accordingly, we have included references to the 
IPMVP methods in this paper. The availability of an 
M&V standard that addresses small projects through 
retrofit isolation techniques may, more broadly, 
encourage the use of retrofit isolation techniques in 
Europe, thereby allowing for projects both within and 
outside of the scope of sM&V + QAI to be included 
in performance contracts.

Policy implications

Article 7 of the European Energy Efficiency Directive 
(EED) requires its Member States to monitor, ver-
ify, and report their mandated and achieved savings. 
Annex V to the EED sets out four basic methodologi-
cal options for the “calculation of energy savings.” 
The European Commission has also published guide-
lines and recommendations for the implementation of 
the EED (Directive, 2023). However, European Hori-
zon 2020 projects such as “ENSMOV” and stream-
SAVE have identified the need for further guidance 
and knowledge-sharing among Member States in the 
areas of “clear and specified guidelines for monitor-
ing, reporting and verification” and “cost-efficient 
provision of monitoring, reporting and verification 
for Article 7 EED” (ENSMOV Project, 2022) and for 
“streamlining energy savings calculations “ (stream-
SAVE Project, 2020). The QAI dimension of the 
sM&V + QAI methodology could provide valuable 
contributions in this context.

Path forward for sM&V + QAI in industry

The authors would like to encourage a broader dis-
cussion on awareness, acceptability, and added value 
of sM&V + QAI approaches in the context of perfor-
mance-based projects and programs, DSM admin-
istrator-supported projects, as well as those imple-
mented in-house.
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Simplified M&V approaches in combination with 
QAIs should be seen as additional options available 
to M&V practitioners and are not meant to replace 
other comprehensive M&V methodologies, wherever 
these are suitable, feasible, and desired by all project 
stakeholders.

With regard to sources for computational factors 
(M II-3 and M II-4), it would be worthwhile to study 
related norms and standards such as DIN V 18599 
(Deutsches Institut für Normung, 2011). Looking to 
future development of sM&V + QAI into a formal 
guideline or standard, we suggest investigating other 
M&V approaches and experiences such as ASHRAE 
Guideline 14, building certification schemes like 
BREEAM or LEED or related UNFCC methodolo-
gies developed in the framework of international cli-
mate policy negotiations (2011).

Initial steps for industry adoption

The adoption of sM&V + QAI could begin with 
administrators of energy efficiency programs. These 
entities typically manage numerous small to medium-
sized projects and prioritize operational efficiency 
and program-level results over detailed project-
level savings. Their focus on overall energy savings 
across multiple projects and the need for expedient 
project cycles make them ideal candidates for the 
sM&V + QAI approach.

These administrators often seek methods that 
streamline processes, allowing for quick project com-
pletion and rebate distribution. Given their goals and 
the volume of projects they handle, they can accom-
modate more uncertainty in energy savings quan-
tification compared to traditional large-scale ESCo 
project clients. This flexibility aligns well with the 
sM&V + QAI methodology, which simplifies M&V 
processes while maintaining reasonable accuracy.

There is evidence that these organizations have 
already begun deviating from stringent IPMVP meth-
odologies, indicating a readiness to embrace more 
streamlined approaches. Additionally, the program 
participants, primarily motivated by program require-
ments rather than a deep interest in M&V details, are 
likely to welcome a less burdensome M&V process.

Pilot programs with these administrators can serve 
as an excellent testing ground for sM&V + QAI. Suc-
cess in this context can demonstrate the approach’s 
viability, leading to broader adoption in the energy 

efficiency sector. This initial focus, coupled with 
engagement and training for program administra-
tors, will be key steps in the wider implementation of 
sM&V + QAI methodologies. BPA’s M&V selection 
guide, offering a simplified approach and the develop-
ment of their ECwV protocol, is a case in point (Bon-
neville Power Administration, 2018a, b).

Quantitative validation

For a quantitative comparison and validation of 
sM&V + QAI approaches, an assessment of mar-
gins of error in comparison with more thorough and 
adherent M&V methods would be desirable. The 
IPMVP proposes methodological approaches for 
doing this. BPA’s results in this regard are encourag-
ing. As the ECwV approach is intended to balance 
the need for DSM program administrators to report 
on verified energy savings to stakeholders with the 
efficient allocation of engineering resources and pro-
gram funding, the results of the aforementioned study 
(where the ECwV approach produced 73% of tradi-
tional M&V savings) are not a deterrent but rather a 
motivation to refine parameters of the ECwV protocol 
and pursue more accurate savings results (Rodrigues-
Anderson et al., 2022). The difference in final savings 
compared with traditional M&V approaches should 
be considered as part of a benefit–cost analysis that 
also includes factors such as overall M&V expense, 
decreased project lifecycles, and improved compre-
hensibility to non-experts. This should allow formu-
lation of some rules about the kinds of approaches 
that are most effective in terms of balancing cost and 
accuracy for different sizes and types of projects.

“Strategicity” and “Multiple Benefits” of EE

In the bigger picture, energy cost savings are often 
not a sufficiently strong project driver or a standalone 
business case. As Cooremans has stated in the con-
text of businesses, energy saving projects are often not 
perceived as strategically relevant for a company, and 
therefore are not recognized on the decision-making 
level of an organization: “An investment is strategic if 
it contributes to creating, maintaining, or developing a 
sustainable competitive advantage.” Thus, an EE invest-
ment decision must fit into the “strategicity” decision 
triangle, composed of three interrelated constituents, 
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and improve (1) cost savings, (2) value proposition 
to its customers, and (3) risk reduction (Cooremans, 
2011). Accordingly, the need for quantifying savings to 
a high degree of accuracy may be less relevant.

Furthermore, the identification and recognition of 
“Non-Energy Benefits” or “Multiple Benefits” (MB) of 
EE (International Energy Agency, 2014) have demon-
strated that energy-cost savings may represent a smaller 
portion of its total benefits than previously understood. 
Evidence of the significance of MBs can also be found 
in the European Commission’s EED recast in its new 
article 3 “Energy Efficiency First principle” which calls 
for an “assessment of wider benefits of energy efficiency 
solutions from the societal perspective” (European Com-
mission, 2020). Projects increasingly recognize and try to 
quantify these benefits on program or macro-economic 
levels (COMBI Project Consortium, 2015; EERAdata 
Project, 2022; Fraunhofer ISI, 2022). On the individual 
project level, benefits like increased productivity or com-
fort, reduced maintenance cost, environmental compli-
ance, better air quality, or a green image may already con-
stitute as much as 2.5 times the value of energy savings by 
themselves for some project types, as described by Bleyl 
et al. (2019) and Rohde and Cooremans (2019). If these 
“Multiple Project Benefits” of EE (MPB) can be effec-
tively quantified and presented to project proponents, the 
industry should put more focus on factoring MPBs into 
the business case than trying to quantify energy savings 
too exactly. If an accounting of MPBs increases the pro-
ject benefits significantly, the required level of accuracy 
on the energy saving benefits could be reduced accord-
ingly, as they represent a less significant portion of the 
overall economic rationale. This further supports the case 
for simplified M&V methods backed by QAIs.

The future growth of the EE industry, and its necessary 
contribution to the realization of climate protection and 
security of supply-related energy policy goals, will depend 
in large part on the ability to effectively build trust and 
engage more than just the energy stakeholders and experts 
within corporations and governments. Exact quantification 
of energy savings may be of lesser relevance in this regard, 
and possibly even inhibit the fulfillment of this necessary 
growth, as the time and resource cost or perceived com-
plexity may prove prohibitive. A simpler and comprehen-
sible sM&V + QAI approach that can reach a wider audi-
ence—particularly on the client side—may reduce risk 
perception, prove more effective, and hopefully enhance 
the uptake of much-needed EE projects that are required to 
meet our emissions reduction objectives.

4 Due to uncertainties and inherent inaccuracies of all savings 
calculations, some experts prefer to talk about “estimation of 
savings” instead of their (more or less) exact calculation.
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Appendix: basic methodology and equations 
for savings calculations

This appendix section provides key basics on sav-
ings calculations,4 needed to fully understand the 
suggested sM&V + QAI methodology, which not all 
interested readers may be familiar with. The second 
part provides all identified formulae for sM&V calcu-
lations being referred to in Table 1, 3, and 4.

Indirect calculation of savings only: basic savings 
formula and definitions

The standard calculation of any energy, power, water, 
or  CO2 savings is done using the following equation:

http://www.ieadsm.org
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5 In principle, also a “control group” could be used for a com-
parison (provided comparability in conditions), but this option 
is not investigated here.

Comparability between Baseline Period (BP) 
and Reporting Period (RP) usually requires making 
adjustments for changes in conditions5 which may 
have occurred between the two observation periods 
(Kissock & Eger, 2008; Walter et al., 2014). In order 
to calculate energy, power, water, or  CO2 savings more 
accurately, the savings from the Baseline Period and 
Reporting Period can be adjusted or normalized to a 
common set of conditions.

In the advanced Energy Performance Contract 
(EPC) markets in Europe such as Austria or Ger-
many, adjustment of the RP to BP conditions is preva-
lent (Deutsche Energie-Agentur GmbH (dena), 2016; 
E.V.A. Energieverwertungsagentur, 1998). However, 
the BP could just as well be adjusted to the RP condi-
tions, or both BP and RP adjusted to another pre-agreed 
set of normalized conditions in order to increase com-
parability. In the IPMVP, this option for adjustment to 
a comparable set of conditions is reflected by the inclu-
sion of an adjustment term “to restate the energy use 
or demand of the baseline and reporting periods under 
a common set of conditions” (Efficiency Valuation 
Organization, 2022). Adjustment clauses can be part of 
sM&V + QAI approaches, or for reasons of simplicity 
or risk reduction can be deliberately left out.

All subsequent formulae are derivatives of this 
general savings calculation, with RP usage adjusted 
to BP conditions, and labeled with a “ *”.

Derived formulae for savings calculations

The following formulae for power and energy savings 
calculations have been referred to in Table 1, 3, and 4 
of the results sections.

For power savings calculations, two formulas 
have been identified:

Formula abbreviations:

ΔPBP  Power savings in Baseline period

������� = �������� ������ ��� − ��������� ������ ���

(FP-1)ΔPBP = PBP − P
∗
RP

(FP-2)ΔPBP = P
∗
RP_Feed−in

PBP  Power in Baseline period
P*

RP  Power in Reporting period, adjusted to Base-
line period conditions

P*
RP_Feed-in  Power feed-in in Reporting period, 

adjusted to Baseline period conditions

Power savings are typically applicable to grid-
bound energy carriers only.

The following derived formulae apply to energy 
savings for different applications:

Energy, water, or CO2 savings (subsequently 
with “energy” as collective term for all three):

For energy savings, the following abbreviations 
are being used:

ΔEBP  Energy savings in Baseline Period
EBP  Energy use in Baseline Period
E*

RP  Energy use in Reporting Period, adjusted to 
Baseline Period conditions

tBP  Operating time in Baseline Period (full load 
hours)

t*RP  Operating time in Reporting Period, adjusted to 
Baseline Period conditions (full load hours)

C  Conversion factor between proxy parameter and 
energy use

ZBP  Linear proxy parameter measurement in Base-
line Period

Z*
RP  Linear proxy parameter measurement in 

Reporting Period, adjusted to Baseline Period 
conditions

%Saved  Percent savings rate

(FE-1)ΔEBP = EBP − E
∗
RP

(FE-1a)ΔEBP = PBP × tBP − P
∗
RP × t

∗
RP

(FE-1b)ΔEBP = PBP × tBP − E
∗
RP

(FE-1c)ΔEBP = C × (ZBP − Z
∗
RP)

(FE-2)ΔEBP = EBP × %Saved

(FE-2a)ΔEBP = EBP × %EBP × %Saved

(FE-3)ΔEBP = E
∗
RP_Feed−in
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% EBP  Percentage share of Baseline Period energy 
use related to the EEM

E*
RP_Feed-in  Energy feed-in in Reporting Period, 

adjusted to Baseline Period conditions

The above equations should cover a significant 
number of applications but is open to expansion off 
course.

Computational factors and parameters for the 
above formulae, e.g., for power or operating times, 
can be taken from engineering calculations, esti-
mates, standards (e.g. German Institute for Stand-
ardization DIN V 18599, (Deutsches Institut für Nor-
mung, 2011)), manufacturer’s information, literature, 
or historical data.
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