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ARTICLE INFO ABSTRACT
Keywords: Energy efficiency targets and funding for reducing energy consumption in buildings play a significant role in the
Energy policy international policy landscape. Energy efficiency can deliver both sustained reductions in energy usage by

Energy efficiency

Pay-for-Performance

Incentive programmes

Finance business models

Evaluation, Measurement & Verification

improving baseline efficiency as well as targeted peak demand reductions. However, despite the many benefits,
energy efficiency faces barriers to achieving its full potential. The economic effectiveness of energy efficiency
programmes is often doubted because of the evaluation, measurement, and verification practices currently used.
Calculation of potential energy savings from different interventions may be unreliable due to various types of
uncertainty, resulting in a performance gap between predictions and actual energy consumption. On the other
hand, calculation of trustworthy savings remains critical for convincing investors and regulators of the cost-
effectiveness of energy efficiency programmes and their ability to defer supply-side capital investments. Yet,
incentive programmes continue to heavily rely on the robust calculation of energy savings. In this article, we lay
out guidance for designing and implementing pay-for-performance schemes that reward end-users or aggregators
for delivering energy savings tracked through metering and established against a business-as-usual scenario, also
describing several potential obstacles and questions that utilities and regulators should consider. Through
investigating eleven such programmes around the world, we summarise key design features, performance
assessment methods and payment agreement processes. In addition, we provide a set of key implications and
policy recommendations, which, if acted upon, could accelerate the deployment of renovation strategies and spur
cost-effectiveness.

investments [7]. Energy efficiency programmes constitute an effective
way of scaling up the number of interventions in the buildings sector [8].
To date, almost all energy efficiency programmes have mainly relied on
subsidies that are paid upfront and are based on a predicted result [9].
Thus, although energy efficiency programmes may provide financial
incentives, which partially resolve the funding problem, the actual en-
ergy and cost savings may still differ from the predicted ones due to the
uncertainties involved with the assumptions of key parameters [10]. The
latter makes building owners reluctant to invest in retrofit projects [11,
12]. At the same time, for energy efficiency to be attractive to institu-
tional investors, it must be associated with consistent returns and stable
long-term cash flows. This requires innovative energy efficiency
financing that can be regarded as an effective market-based approach to
attract private capitals in the energy renovation market [13,14].

1. Introduction

The Paris Agreement requires strong and rapid global action to
reduce greenhouse gas (GHG) emissions and demands a fundamental
reorientation of the way energy is used and produced [1,2]. Energy ef-
ficiency interventions address both climate and energy security chal-
lenges while providing multiple other benefits, including lower energy
bills, improved comfort and health for occupants, and increased real
estate value [3,4]. However, despite its potential, energy efficiency
ranks at the lower end of the spectrum of realised sustainable energy
investment opportunities [5,6]. Alam et al. (2019) identified lack of
funding, uncertainties over financial gain and lack of metering to be
frequently cited as the main barriers that limit energy efficiency
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Nomenclature

Acronyms & abbreviations

AHU Air Handling Unit

ASHRAE American Society of Heating, Refrigerating, and Air
Conditioning Engineers

BayREN Bay Area Regional Energy Network

BES Building Energy System

CEI Continuous Energy Improvement

Con Edison Consolidated Edison, Inc.

CDM Conservation and Demand Management
DCSEU District of Columbia Sustainable Energy
EC European Commission

EERS Energy Efficiency Resource Standards
EPP Energy Performance Program

ESCO Energy Service Company

ESM Energy Savings Meter
ETO Energy Trust of Oregon
EU European Union

EM&V  Evaluation, Measurement and Verification
GHG Greenhouse Gas

HVAC  Heating, Ventilation and Air-conditioning
IESO Independent Electricity System Operator

IPMVP International Performance Measurement and Verification
Protocol

MUSH  Municipality, Universities, Schools, Hospitals

NJBPU New Jersey Board of Public Utilities

NJCEP New Jersey’s Clean Energy Program

NYSERDA New York State Energy Research and Development
Authority

0&M Operations and Maintenance
PG&E  Pacific Gas and Electric Company
PSE Puget Sound Energy

P4pP Pay-for-Performance

SCL Seattle City Light

SMB Small and Medium-sized Business
Us United States

VAV Variable Air Volume

So far, energy efficiency programmes have been typically developed
either directly by governments, with funds raised through taxes or
levies, or by mandatory saving goals (also referred to as obligations) set
for energy providers (also referred to as utilities) to reduce their cus-
tomers’ energy use [9], as also depicted in Fig. 1. Different types of
financial incentives have been used by governments to change consumer
behaviour and persuade end-users to adopt innovative energy service
solutions [15,16]. These incentives have been primarily delivered in the
form of grants/subsidies, soft loans and tax incentives, mainly targeting
residential, commercial, and public buildings [17]. In general, incentive
programmes have assisted in increasing energy efficiency in buildings by
removing financial barriers, supporting the penetration of innovative
low-carbon technologies, and/or helping the implementation of other
policy instruments (e.g., higher building performance standards, etc.)
[18]. The development of incentive programmes has also been driven by
the need to boost an economy in times of recession as governments have
implemented incentive programmes to stimulate economic activity
while also fostering innovation for sustainable growth [19]. In this
context, and considering the economic implications of COVID-19, the
impacts of existing financial instruments for buildings are expected to
become even more important, since energy efficiency qualifies as one of
the sectors with the greatest potential for the double dividend hypoth-
esis, supporting both economic recovery and decarbonisation simulta-
neously [20,21]. Therefore, successfully utilising financial instruments

Laws, codes, standards

Administrators

Funding

Programmes

Fig. 1. Typical implementation framework of energy efficiency programmes.

in promoting sustainable growth is crucial to ensure minimum waste of
national resources with maximum outcomes [22].

So far, the market has mainly been stimulated through the sub-
sidisation of energy efficiency investments with grant schemes for
households and businesses, which otherwise would not be able to bear
the high upfront costs of energy efficiency interventions [23,24]. These
schemes often constitute a solution to the finance gap, enabling a tem-
porary shift in the market. However, they typically consist of limited
resources, and can, therefore, neither offer a sustainable solution nor
support massive market uptake programmes [25]. In this context, debt
financing, such as loans and soft loans, can be a more sustainable means
of scaling up energy efficiency investments as they can provide liquidity
and direct access to capital [26]. Loans can be more relevant for energy
efficiency interventions with high upfront costs, especially in deep
renovation projects that comprise a package of multiple renovation
measures [27]. Nevertheless, private debt financial products, specif-
ically designed for energy efficiency measures are not currently fully
developed as financial institutions are often unfamiliar with this subsidy
type and perceive it as a high-risk investment [28]. Finally, tax in-
centives can increase demand for energy efficiency projects by reducing
the cost of interventions through reduced taxes for households and
businesses. They can be less costly than grant schemes and are consid-
ered a popular instrument promoting energy efficiency [29,30]. How-
ever, they often are subject to free-rider problems and can result to loss
of tax revenue for governments [13]. Table 1 summarises the different

Table 1

Subsidy types for energy efficiency investments.
Types Description Ref.
Grants Grants mainly serve as direct monetary incentives that may [9,

partially or fully cover renovation costs and do not require ~ 27]
to be paid back. Grants are usually used by governments to
support the market diffusion of new technologies.

Loans Loan incentives are offered at a low-interest rate and are [13,
usually delivered through public-private partnerships, in 26]
which governments provide financial support to banks,
which in turn offers a loan scheme with a preferential
interest rate to its customers. The recipient institution then
on-lends the funds to customers to invest in energy
efficiency projects.

Tax A tax incentive can be defined as monetary credit, [30]

incentives deduction or exemption on the tax required to be paid if the
energy target/energy upgrade is not performed for the
building.
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Summary of the existing literature addressing the topic of pay-for-performance programmes.

Study

Type of publication

Description

Healey et al.

Proceedings of the 2010 American Council for an Energy-

(2010) Efficient Economy Summer Study
Egnor et al. Proceedings of the 2016 American Council for an Energy-
(2016) Efficient Economy Summer Study

Szinai et al.
(2017)

Shaban et al.

(2018)

Technical report prepared for the Natural Resources Defence
Council and Vermont Energy Investment Corporation

Proceedings of the 2018 American Council for an Energy-
Efficient Economy Summer Study

The study focuses on the P4P programme launched by the New Jersey’s Office of Clean Energy
and presents first-year experiences and insights.

The study analyses a P4P pilot project implemented in a building in Seattle. The analysis is
focused on how the programme operates, how the baseline for a new building is modelled, and
how actual savings are verified.

The study reviews energy efficiency and demand-side management programmes based on P4P
business models. The authors also reflect on some energy efficiency P4P programmes running
during the period of their study in the US.

The study presents an analysis of the performance risk in energy efficiency P4P programmes. It
explores how this risk is allocated among the different market actors and how these actors can

mitigate it by measuring and controlling the performance.

Rinaldi et al.
(2019)

Technical report prepared for the National Association of State
Energy Officials

The study analyses the role of residential grid-interactive building technologies and policies
towards a clean, affordable, and resilient grid. A brief discussion of energy efficiency P4P

programmes as a financing enabler for such building technologies is also presented.

subsidy types for energy efficiency investments and provides a short
explanation of the monetary aspects of each type.

Outside the traditional types of energy efficiency programmes,
various market mechanisms, using data analytics and automated mea-
surement, and/or evaluation, measurement, and verification (EM&V)
practices, which reward performance, have been developed over the
past few years [31]. These mechanisms reward end-users or aggregators
for delivering energy savings against a business-as-usual (i.e., baseline)
scenario, indicating the energy efficiency project’s performance on an
ongoing basis as the savings occur. Savings are based on metered energy
consumption and beneficiaries need to achieve a certain level of oper-
ating performance to receive all or part of the incentive payment [32].
By focusing on the output (i.e., energy savings) rather than other in-
dicators (e.g., number of technology units deployed, etc.), such
pay-for-performance (P4P) schemes align incentives with policy objec-
tives, incentivise the persistence of energy savings over time, and boost
the energy service market [33]. However, scaling up such schemes has
proven to be a major challenge, since their implementation and effec-
tiveness depends on many parameters [34].

So far, studies in the scientific literature have extensively analysed
P4P programmes in the fields of health policy and medicine, focusing on
the assessment of the programmes’ impact on health systems and out-
comes for patients [35-39]. P4P programmes have also been investi-
gated in research studies related to community pharmacy in the context
of how the integration of such programmes and other factors may affect
the pharmacy environment [40,41]. Finally, P4P programmes have been
analysed in motivational science and their effectiveness in workplace
settings has been assessed in different studies [42-44]. Nevertheless,
despite their novelty, contributions providing deep insight on energy
efficiency P4P programmes have been scarce in the literature so far.
Table 2 provides a summary of the existing literature addressing the
topic of energy efficiency P4P programmes.

In particular, Healey et al. (2010) and Egnor et al. (2016) provide a
deep analysis of two energy efficiency P4P programmes implemented in
the US, in New Jersey and Seattle respectively, and focus on their spe-
cific design and implementation aspects [45,46]. Szinai et al. (2017)
present a thorough study of energy efficiency and demand-side man-
agement programmes [31]. The study includes P4P programmes but
focuses on demand-side mechanisms such as demand-response and ca-
pacity auctions rather than on pure energy efficiency programmes.
Shaban et al. (2018) explore how the performance risk is allocated
among different actors in energy efficiency P4P programmes and how
measuring and controlling can mitigate those risks and make such pro-
grammes a game-changer [47]. Finally, Rinaldi et al. (2019) devote a
brief sub-chapter of their study on how energy efficiency P4P pro-
grammes can be a financing tool towards residential grid-interactive
buildings and a clean, affordable, and resilient grid [48].

Research knowledge can also be found in the deliverables of the

Horizon 2020 project “SENSEI'”, funded by the European Commission
(EC), which is the first project to study energy efficiency P4P pro-
grammes and their roll-out in the European policy landscape. However,
to the best of our knowledge, there is no peer-reviewed study in the
scientific literature that addresses the issue of energy efficiency P4P
programmes, as existing studies are part of the grey literature, e.g., re-
ports and research produced by organisations outside of academic
publishing, conference proceedings that are not peer-reviewed, etc. In
this context, thus, our article sets out to pioneer this field in the scientific
literature by asking the question: “What is an energy efficiency P4P pro-
gramme and how could it be designed and implemented?” To answer this
question, we couple a thorough desk research and consultation activities
with key stakeholders to present the main specifications and features of
energy efficiency P4P programmes and to summarise experience and
lessons learnt from real-world case studies, through the comprehensive
analysis of 11 such programmes in North America and Europe. Overall,
our novel contribution to the scientific literature is threefold:

e We establish the definition and main design features of energy effi-
ciency P4P programmes in the scientific literature.

e Through a comparative review analysis, we identify and highlight
the actions needed to bridge the gap between market needs, policy
goals, and scientific research, also establishing best practices for the
design of energy efficiency P4P programmes.

e We summarise experience and lessons learnt from real-world cases
and we provide a set of key implications and recommendations for
policymakers and other practitioners on designing a P4P pilot
project.

2. Changing the way energy efficiency is valued: pay-for-
performance programmes compared to traditional approaches

Although traditional financial programmes and mechanisms have
helped to promote energy efficiency thus far, they provide customers
with one-time, upfront incentive payments for interventions based on
ex-ante saving estimations [49]. In practice, this means that for these
programmes, the expected amount of the energy saved over each mea-
sure’s lifetime is calculated, or deemed in advance, based on
pre-specified unit saving values, or formulas with pre-specified param-
eter values as the basis for quantifying savings [50]. This approach has
served well energy efficiency programmes for years, and in many sectors
will also keep playing a vital role. However, these estimations lack
standardisation, are prone to parameter errors, and neglect rebound
effects. Moreover, compared to ex-post estimations, they are not sys-
tematically done [51-53]. Several challenges also come with payment

! https://senseih2020.eu/.
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structures of traditional energy efficiency programmes, especially those
with one-time rebates based on deemed savings (e.g., grants or subsidy
programmes, etc.). First, once the rebate is upfront awarded, it is diffi-
cult to motivate and closely track sustained performance (persistence of
savings over time), while the verification of savings after the imple-
mentation can be expensive and time-consuming. Second,
pre-calculated, deemed saving values require well-defined, simple, and
consistent energy efficiency measures and conditions. Deemed savings
are, therefore, applicable neither to complex projects nor to measures in
which the savings may be inconsistent among units or programme
participants [54,55].

As more countries and utilities commit to aggressive decarbonisation
goals, the electric grid needs to transition from a centralised, fossil-fuel-
based system to one that is based on clean and distributed sources of
energy such as solar and wind [56]. Together with demand-response,
energy efficiency can support the transition to this new energy system
and provide important benefits to the electricity grid. New business
models, which will pay for grid-based savings based on performance at
the meter in a similar way that traditional distributed energy resources
are procured and financed, are needed to value those grid services at a
large scale. This way, not only added value will be brought to the grid,
but energy efficiency will be associated with consistent returns and
stable long-term cash flows [57]. This could bring more opportunities
for building owners to attract third-party financing and, therefore, to
reduce upfront capital costs, and more opportunities for energy com-
panies and innovative collaborations to successfully compete in the
market [58,59]. Energy efficiency P4P programmes respond to these
policy and market gaps. In particular, they aim to deliver greater and
more persistent savings by compensating energy efficiency resources
based on a comparison of metered and modelled counterfactual energy
consumption, i.e., consumption in the absence of the energy efficiency
action (performance) [48].

The idea behind a P4P programme financing an energy retrofit
project is that the financial flows between the involved parties are linked
to the actual/metered and weather-normalised energy savings produced
by the project. Compared to traditional energy efficiency programmes,
the latter allows for the performance risk of the project to be shifted from
those who fund the programme (taxpayers or ratepayers) to the entities
managing the project (e.g., energy service providers, aggregators, etc.).
These entities often work with clients to choose which measures to
install, are responsible for the quality of their installation, and provide
advice on how to optimise their operation. Thus, by paying more
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attention to performance, the risk of underperformance can be reduced.
The remaining performance risk can be managed then at a portfolio level
through aggregation, which spreads the risk across many projects, each
of which, may either under- or overperform. This risk transfer aligns the
incentives of those receiving public support with policy objectives [48].
A schematic graph of an energy efficiency P4P programme is depicted in
Fig. 2.

Through subsidisation, most energy efficiency programmes so far
have focused on the provision of incentives to the private sector for
installing as many energy efficiency measures as possible, without
necessarily ensuring high-quality installation and maintenance. P4P
programmes redirect these incentives to obtaining as many energy
savings as possible. In principle, this results in a higher quality of the
installation and maintenance processes, and in a more tailored deploy-
ment of measures that could deliver larger amounts of savings, also of-
fering a boost in policy effectiveness (ability to deliver on goals) and an
increase in the efficiency of public spending (value for money). A P4P
programme can also allow energy efficiency to become a manageable
and procurable resource that can contribute to bringing more flexibility
into the grid. Applying a P4P programme, thus, means that the admin-
istrative entity would enter into agreements with aggregators or build-
ing owners to purchase the energy efficiency levels achieved through the
use of metered data. Using smart-meter data makes it possible to track
results by time and location and to value energy efficiency’s contribu-
tion to reducing capacity requirements. This way, its “demand capacity”
can make energy efficiency a distributed resource that would look very
similar to other distributed energy resources [60]. Table 3 summarises
the monetary specifications of an energy efficiency P4P programme and
explains the differences for each involved actor compared to traditional
energy efficiency programmes.

3. Real-world cases of energy efficiency pay-for-performance
programmes

To fill in the knowledge gap regarding the design and implementa-
tion processes of energy efficiency P4P programmes, in this article, we
analyse 11 such real-world programmes that have been applied in North
America and Europe. Our work is mainly focused on programmes that
use data-driven EM&V approaches, which provide better accuracy, more
reliability, and higher levels of transparency compared to traditional
energy efficiency programmes.

Investors &
Financial
Institutions

Stable return on investment

. ’—I Aggregators

—
4

System

Pay-for-Performance

N

Energy efficiency infrastructure
competing against traditional power
and energy resources

Operators

Fig. 2. Schematic graph of an energy efficiency pay-for-performance programme.
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A comparison of monetary relations and financial risks across the different actors participating in traditional and pay-for-performance programmes.

Involved actors

Traditional programmes

P4P programmes

Customers Customers usually receive an up-front incentive from the programme
administrator or implementer to partially or totally cover the initial costs of
the energy efficiency interventions implemented, based on the expected
deemed savings. In this case there is the risk that the measures implemented
will not perform, or that the savings achieved will not persist as expected.

Implementers/ ESCOs, aggregators, or other service providers often sign a contract with a
Aggregators customer (directly or through the programme administrator) to implement a

project. The payment is agreed in advance and delivered after the
installation of the energy efficiency interventions.

Programme Administrators/utilities estimate savings from predetermined deemed
administrators/ savings, but savings verified after the completion of the programme could be
Utilities lower than expected. Administrators/utilities that are under specific

obligations and requirements may not reach their emissions or energy
efficiency targets and receive penalties.

Taxpayers/Ratepayers Administrators/utilities use funds raised by taxpayers or ratepayers to

provide upfront incentives for deemed savings; the risk is that the

Customers are paid per measured unit of energy saved (e.g., 4 cents/kWh
saved); some programmes differentiate payments based on the measures
used to achieve savings to meet the specific programme goals. Again, there
is the risk that the energy efficiency interventions implemented will not
perform, but in most of the cases the project implementer (e.g., ESCO, etc.),
or another aggregator/service provider takes on the performance risk. In
some cases, the customer may also receive part of the remuneration upfront
to reduce investment costs.

Aggregators/service providers deliver the savings to utilities and take on the
performance risk of the energy efficiency interventions. They may receive a
higher payment per unit of savings to be compensated for taking the risk. If
the interventions do not perform, aggregators/service providers may be
required to implement more, or may receive lower payments as a penalty.
Even in the case that savings are estimated and paid for on an ongoing basis,
actual savings may still turn out lower than expected. However,
administrators/utilities only pay for savings that are verified and can
require additional savings if needed.

Taxpayers’ or ratepayers’ funds are used only for actual/verified savings
and customers avoid paying for unrealised savings.

anticipated savings may not materialise.

3.1. Case study selection

Step 1: Identification of the programmes.

As a first step, we conducted an extensive review of relevant scien-
tific and grey literature documents. In the case of scientific literature, we
conducted a broad search in energy-related peer-reviewed articles found
in the scientific databases ‘Science Direct’ and ‘Google Scholar’, using
relevant search keywords (e.g., pay-for-performance, energy efficiency,
grid resource, etc.), individually and in multiple combinations. Our
search process was mainly focused on utility programmes. In the case of
grey literature, our search process was focused on the inclusion of state-
of-the-art studies (e.g., published by the International Energy Agency,
the Natural Resources Defence Council, etc.) and other relevant tech-
nical reports, project deliverables, requests for proposals, programme
manuals, and business plans, developed by utilities and other organi-
sations, using the same keyword combinations.

Step 2: Selection of the programmes to be analysed.

Search results from Step 1 were further curated by applying the
following filters:

e Administrative entities: The cases selected concern programmes that
are managed by utilities, system operators, public bodies, and/or
organisations in charge of delivering on climate and energy goals.

e Relationship between payment and performance: The cases selected
concern programmes that base compensation on verified
performance.

e Calculation method of energy savings: The cases selected concern
programmes that calculate performance based on metering energy
data, and do not rely on deemed saving methodologies.

e Scope: The cases selected concern programmes that include a num-
ber of aggregated projects and not just a single one.

Following these filters, 11 real-world case studies in North America
and Europe were finally selected and an in-depth review of the respec-
tive documents was conducted for each case study. Note that, since we
did not find any scientific article explicitly referring to energy efficiency
P4P programmes in the search databases, our work was mainly based on
insights from the grey literature.

Step 3: Interviews with key programme representatives.

Finally, we supplemented our desk research by interviews with key
programme representatives (i.e., administrators, managers and

employees directly occupied in the programmes) to validate the out-
comes of the review process and receive additional feedback, extra in-
sights, and updates on the progress or final outcomes of each
programme. To do so, a semi-structured questionnaire was developed to
enable a flexible interview approach that combines a predetermined set
of questions with the option of discussing any interesting emerging
themes or details at greater length. This questionnaire is presented in
Table Al in Appendix and was developed around the four following
thematic categories:

e Main information: This category included questions on the main
information about each programme, e.g., name, geographical
coverage, purpose, etc.

o Key design features: This category included questions regarding in-

formation about the end-users, the target sector, the actors involved,

and the interventions and the measures that were eligible under each
programme.

Performance assessment: This category included questions regarding

the EM&V methodology and the payment structure of each

programme.

Lessons learnt: This category included questions regarding the

overall achievements, the barriers and the obstacles faced, and the

drivers/enablers that led to the implementation of each programme.

Due to implications of the COVID-19 pandemic, all interviews were
implemented online, as most of the stakeholder engagement activities in
energy-relevant EC-funded projects at the time [61]. The interviews
were conducted in spring and summer 2020, thus, our study presents the
most updated information up to that period.

3.2. Case study overview

Fig. 3 shows the geographical location of the 11 programmes iden-
tified, while Table 4 presents these cases across three categories that
reflect the target customer segment, namely:

e Commercial programmes: They engage businesses in energy effi-
ciency activities. Some of the programmes cover public buildings or
entities, while they can also be restricted to the service sector or be
open to the industry sector. We distinguish between programmes
targeting large buildings (buildings with conditioned space >50,000




D. Tzani et al.

Renewable and Sustainable Energy Reviews 158 (2022) 112162

FINLAND

IRELAND 2 ¢ y & m
? 5 % s BELARUS
g POLAND

UKRAINE

G2 I

Fig. 3. Geographical location of the energy efficiency pay-for-performance programmes that were identified and analysed.

sq. ft.) and programmes targeting small buildings (buildings with
conditioned space <50,000 sq. ft.).

o Residential programmes: They engage private households in energy
efficiency activities.

¢ Open schemes: They do not have an eligibility requirement related to
their target customer segment.

3.2.1. New Jersey Clean Energy program- pay-for-performance commercial
& industrial program

This programme is implemented in the context of the New Jersey’s
“Clean Energy Program” (NJCEP), a state-wide programme established
by the Division of Clean Energy of the New Jersey Board of Public
Utilities (NJBPU). Its administration relies on an outsourced programme
manager, TRC Companies, and on more than 100 technicians. The
programme consists of two components: one on existing buildings and
one on new construction buildings and was launched back in 2009 and is
still ongoing. In terms of existing buildings, the programme uses a
whole-building metering approach to energy efficiency in existing
commercial and industrial buildings. Contractors and building owners
are encouraged to lower their total energy consumption from a whole-
building perspective instead of going for single equipment changeouts.
In terms of new construction buildings, the programme incentivises new
commercial and industrial projects to perform better than what is
required by the energy code. A standardised energy simulation software
is used to estimate the energy savings of the proposed building design
compared to a baseline (limited to building code compliance). For both
cases, a portion of project incentives is tied to the actual building per-
formance, while part of the incentive is given based on projected
savings.

3.2.2. Ontario Save on Energy- energy performance program

The Independent Electricity System Operator (IESO), the entity that
manages Ontario’s power system, offers energy efficiency incentives and
rebates through a suite of “Save on Energy” programmes. The Energy
Performance Program (EPP) included in the suite, is an energy efficiency
P4P programme that started in 2013 and is still running for customers
with commercial buildings across multiple local distribution company
service territories. EPP encourages whole building energy performance
improvements through an incentive that provides 4 cents/kWh of

savings per year for up to two and a half years, while it significantly
reduces the administrative burden on customers. This model encourages
participants that are able to make behavioural and operational changes
alongside capital investment projects to achieve and grow energy sav-
ings over multiple years. Participants must have a minimum annual
consumption of 1,500,000 kWh per building (or a group of up to five
buildings).

3.2.3. Seattle City Light- Deep Retrofit pay-for-performance program

Seattle City Light (SCL) is the public utility providing electrical
power to Seattle, Washington (US) and parts of its metropolitan area.
SCL started a three-year P4P pilot programme in 2013 with three me-
dium/large commercial buildings. Savings were established using
metered data and participants received a pre-determined incentive rate
for energy savings achieved over the performance period. Incentive
payments were made at the end of each year of the performance period.
After the successful conclusion of the pilot, SCL launched the “Deep
Retrofit” programme in 2018, which is ongoing and offers the option of a
three- or five-year performance period. SCL administers the programme,
and a contractor implements the comprehensive retrofits, including
heating, ventilation and air-conditioning (HVAC) and lighting. The
programme targets commercial buildings.

3.2.4. Efficiency Vermont- Continuous Energy Improvement

In Vermont, a dedicated energy efficiency utility, Efficiency Ver-
mont, has been created for delivering energy savings based on plans
agreed with the regulator. Efficiency Vermont runs a scheme called
“Continuous Energy Improvement (CEI),” which applies a data-driven
approach to understand how businesses and industries use energy; to
set up a strategy that reduces energy use through a mix of behavioural,
operational, and technical measures; and to measure the actual perfor-
mance against a baseline to track improvements. The pilot started in
2014 and resulted in a full programme in 2018, which is still ongoing.
Participants are not rewarded upon performance; Efficiency Vermont,
which is managed by Vermont Energy Investment Corporation (VEIC), is
remunerated against the achievement of a set of defined objectives.
Efficiency Vermont pays for some related programme costs such as the
installation of submeters. The payment structure of CEI is different
compared to a typical P4P programme. Nevertheless, the programme
was included in our study as it consists of many of the characteristics of a
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Table 4
Key characteristics of the energy efficiency pay-for-performance programmes that were identified and analysed.
Name Acronym Location Implementation References
year
Commercial programmes (large buildings)
1. New Jersey Clean Energy Program- Pay-for-Performance Commercial & Industrial program NJCEP New Jersey (US) 2009 [62-66]
2. Ontario Save on Energy- Energy Performance Program EEP Ontario (CA) 2013 [67-69]
3. Seattle City Light- Deep Retrofit Pay-for-Performance program SCL Washington (US) 2013 [70-72]
4. Efficiency Vermont- Continuous Energy Improvement CIE Vermont (US) 2014 [73,74]
5. Energy Trust of Oregon- Pay-for-Performance pilots ETO Oregon (US) 2014 [75-80]
6. Puget Sound Energy- Pay-for-Performance pilot PSE Washington (US) 2018 [72,81]
7. District of Columbia Sustainable Energy Utility- Pay-for-Performance program DCSEU District of Columbia 2019 [82-84]
(Us)
Commercial programmes (Small buildings)
8. Bay Area Regional Energy Network-Small and Medium Commercial Buildings, Pay-for- BayREN California (US) 2018 [85,86]
Performance program
9. New York State Energy Research and Development Authority- Business Energy Pro NYSERDA  New York. (US) 2019 [87]
Residential programmes
10. Pacific Gas and Electric Company- Residential Pay-for-Performance programs PG&E California (US) 2018 [88]
Open programmes
11. Germany- Energy Savings Meter programme ESM Germany (EU) 2016 [89]

P4P scheme (comprehensive approach, use of metered data, etc.). There
is no obligation for participating companies to attain specific results,
but, in the first three years, Efficiency Vermont aims to reduce con-
sumption by 10-15% across the portfolio of companies involved in the
programme.

3.2.5. Energy Trust of Oregon- pay-for-performance pilots

These P4P pilots were managed by the Energy Trust of Oregon
(ETO), an independent non-profit organisation that helps utility cus-
tomers in Oregon to benefit from energy efficiency and renewable en-
ergy services. It engaged energy service providers and the commercial
sector, in particular office buildings, healthcare, grocery stores and
municipality, universities, schools, hospitals (MUSH) buildings. Phase I
of the programme started in October 2014 and ended in 2017. ETO was
looking for three or more commercial office buildings to participate.
Ultimately, only one project, a large commercial building in downtown
Portland, was selected and the three-year contract was completed in
2017. The payment was partially performance-based. An initial incen-
tive was given after the installation of energy efficiency measures (based
on projected savings). The remaining savings were established using
metered data and participants received payments based on a pre-
determined incentive rate at the end of each year over a three-year
period. A Phase II Pilot was launched in 2017, but it had not been suc-
cessful in identifying project candidates by the time of our interview
with the programme representatives.

3.2.6. Puget Sound Energy- pay-for-performance pilot

In 2018, Puget Sound Energy (PSE), a Washington state energy
utility that provides electrical power and natural gas primarily in the
Puget Sound region, launched a three-year commercial P4P programme
with the goal of enlisting five existing commercial buildings (e.g., of-
fices, schools, universities, etc.) per year. The P4P pilot aimed to
maximise energy savings through capital, operational, and maintenance
improvements, and behavioural opportunities. All proposals required a
minimum of 15% annual energy reduction target from capital measures,
with an incentive structure that rewards a total building approach to
manage the facility’s resources. Up to 50% of the incentive was paid
according to estimated project costs and estimated/deemed project
savings (at the end of year one), while the remaining incentive was paid
out annually for the years two through five.

3.2.7. District of Columbia Sustainable Energy utility- pay-for-performance
program
This programme is run by the dedicated utility District of Columbia

Sustainable Energy (DCSEU) in the District of Columbia, in the context
of the utility’s obligation to deliver energy savings. The programme
focuses on existing large commercial and institutional buildings and was
launched in 2019. The programme is still ongoing and targets measures
delivering annual savings greater than 10% (based on pre- and post-
project metered data). The incentive is paid once, and the amount
paid per unit of energy saved varies according to the project. Savings can
only be claimed for one year’s timeframe.

3.2.8. Bay area regional energy network- Small and Medium Commercial
Buildings, pay-for-performance programme

The Bay Area Regional Energy Network (BayREN) Small and Me-
dium Commercial Buildings P4P programme works with commercial
buildings owners and managers to install energy improvements that will
pay for themselves over time. The programme was initiated in 2018 and
is still available today. To better manage performance risks for both
ratepayers and participants (small and medium commercial building
owners), BayREN recruits Energy Service Companies (ESCOs) via a
competitive solicitation to act as program allies. These organisations are
compensated under an incentive structure, in which 50% of the
compensation is based on approved ex-ante saving calculations and is
paid upon project completion (Year 0). Year 1 and Year 2 performance
payments are calculated as true-up payments, representing the
performance-based balance after accounting for the first year’s (Year 0)
payment.

3.2.9. New York State Energy Research and Development Authority-
Business Energy Pro

Business Energy Pro is a commercial P4P pilot programme admin-
istered by the New York State Energy Research and Development Au-
thority (NYSERDA), a public-benefit corporation in the state of New
York (US), and the utility Consolidated Edison, Inc. (Con Edison). In
2019, the first annual request for proposal was launched to select one or
several portfolio managers. These third-party providers engage with
small and medium-sized businesses (SMB) to deliver energy savings and
are compensated over a performance period of three years. The payment
per energy unit varies depending on the bids. Savings are measured and
aggregated for the whole portfolio to calculate performance. The overall
aim is to achieve a minimum of 5% energy reduction.

3.2.10. Pacific Gas and Electric Company- residential pay-for-performance
programs

In 2018, the utility Pacific Gas and Electric Company (PG&E) con-
tracted third-party providers to design and implement two-year P4P



D. Tzani et al.

pilot programmes in the residential sector. Contractors are paid monthly
for energy savings calculated using a set of empirically tested methods to
standardise the way normalised meter-based changes in energy con-
sumption are measured and reported. Programme evaluation aims to
determine whether the P4P concept is sustainable for incentivising en-
ergy efficiency in the residential sector.

3.2.11. Germany- Energy Savings Meter programme

The pilot phase of the Energy Savings Meter (ESM) programme was
launched by the Federal Ministry of Economics and Technology in
Germany in 2016 and was concluded in 2018. Based on its success, it
was decided to extend the programme until 2022. The programme aims
to leverage digitalisation for the benefit of energy efficiency improve-
ments. Public funding is provided to businesses (i.e., large companies
and SMBs) that promote digitally-enabled energy efficiency solutions to
their customers. These companies apply for funding to develop their
digital solutions. The level of funding depends to a great extent on the
amount of energy saved by the companies’ customers. The digital ser-
vices offered to customers can be combined with other offers, including
support to investments.

4. Analysis of P4P programmes

The concept of P4P programmes can take a range of different forms,
including different design features, administrators and payment struc-
tures [48]. Here, we analyse the P4P programmes identified, and we
compare them in terms of their similarities and differences, based on
four categories, namely: (1). Key drivers, (2). Basic design attributes,
(3). Performance assessment, and (4). Payment agreement methods.

4.1. Key drivers

Motives for the adoption of a P4P programme vary across the
selected cases. This is reflected in each programme’s objectives and
regulatory drivers.

4.1.1. Objectives
General objectives of the P4P programmes under study vary and are
not necessarily mutually exclusive:

e Meeting energy efficiency and saving targets: Some entities have
developed their P4P programmes in order to achieve deeper energy
savings and meet their targets. Specifically, ETO aims to improve
realisation rates of savings, while DCSEU’s objective is to deliver
more energy savings to their customers. Efficiency Vermont utilises
the CEI programme to achieve demand-side saving targets.

Using energy efficiency as a resource to the grid to support the
electricity system: The main motivation for the majority of the pro-
grammes analysed is to exploit energy efficiency as a resource to the
grid. For example, IESO and PG&E aim to ensure the availability of
energy efficiency to support the electricity system, while NYSERDA’s
main focus is to enhance energy efficiency as a well-founded grid
resource.

Improving the cost-effectiveness of energy efficiency investments:
When energy efficiency is paid in advance, uncertainty in results can
lead to misalignment of incentives. In this context, SCL and PSE have
identified the need to rely on the use of metered data to increase the
cost-effectiveness of energy efficiency programmes. Representatives
from PG&E and DCSEU reported that providing cost-effective pro-
grammes for ratepayers was an important factor behind the roll-out
of their programmes. On the other hand, NJCEP aims to change the
way contractors and users approach energy efficiency opportunities.
Targeting specific sectors for energy savings: Some programmes
focus on specific sectors identified as crucial and/or with high saving
potential. BayREN, for example, adopted a P4P programme targeting
SMBs, as utilities in the jurisdiction had not yet launched
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performance-based programmes for this sector, while NJCEP en-
gages very large commercial and industrial buildings due to the high
potential of energy savings in these sectors.

Developing the energy service market: The ESM programme was
specifically designed to boost the development of an independent
energy service market using digital tools, rather than achieving
predetermined energy saving targets.

Improving understanding of energy consumption: Some of the pro-
grammes, like CEI, also aim to improve the understanding of energy
consumption patterns in end-use sectors.

4.1.2. Regulatory drivers

All the P4P programmes analysed are directly or indirectly driven by
regulation. In particular, many States (e.g., California, Washington,
Vermont, etc.) have developed energy efficiency resource standards
(EERS), which require utilities to achieve a certain percentage of energy
savings based on the amount of electricity or natural gas sold. In
Ontario, Canada, the conservation and demand management (CDM)
code was established in 2016 for electricity distributors. Distributors are
required to meet targets for both demand reduction (MW) and energy
savings (GWh) and may achieve both by implementing their energy
efficiency programmes, which must be approved by the Ontario Energy
Board, or by contract with the Independent Electricity System Operator.
Although it is not driven by utility regulation, the ESM programme in
Germany participates in reaching the country’s energy transition
objectives.

4.2. Basic design features

P4P programmes consist typically of different design features,
namely: the type of approach followed, the administration in charge, the
roles of different actors, the source of funding, the customer segment
and eligible measures under the programme. An overview of the main
design features of the P4P programmes analysed is presented in Table 5.

4.2.1. Type of approach

P4P programmes involve a contractor, an aggregator, or even a
building owner, receiving payment based on energy savings. A pro-
gramme administrator offers a fixed or negotiated price (which can
depend on bids), which will pay for a measured unit of saved energy
over a certain period. The P4P programmes analysed in our work are
mostly proposed in the context of utility energy saving programmes. In
theory, P4P structures could be applied in the context of capacity
mechanisms, which can establish the procurement of energy efficiency
as a grid resource. However, our review did not identify any programme
making capacity payments purely based on metered data.

4.2.2. Administration
Different entities are responsible for the administration of the P4P
programmes analysed:

e Utilities: Most programmes are administered by investor-owned
utilities, which are private enterprises acting like public utilities (e.
g., PG&E, PSE, etc.); public utilities (e.g., SCL, etc.); and energy ef-
ficiency (e.g., Efficiency Vermont) or sustainable energy (e.g.,
DCSEU) utilities, both appointed to deliver energy savings.

System operators: In Ontario, Canada, EPP is implemented and
regulated by Ontario’s power system operator (IESO).

Public authorities or public service organisations: P4P programmes
can also be launched by public authorities like the regional energy
network BayREN, which is a collaboration between local govern-
ments, ministries like the German Federal Ministry for Economic
Affairs (ESM programme), and state agencies like the NJCEP. Finally,
it is also common that mission-based organisations like ETO and
public benefit corporations like NYSERDA collaborate with utilities
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Table 5
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Overview of customer segment, eligible measures, and requirements across the P4P programmes analysed.

P4P programme

Customer segment

Eligible measures

Programme Requirements

New Jersey Clean Energy
Program- Pay-for-
Performance Commercial &
Industrial program

Ontario Save on Energy-Energy
Performance Program

Seattle City Light- Deep Retrofit
Pay-for-Performance program

Efficiency Vermont- Continuous
Energy Improvement

Energy Trust of Oregon- Pay for
Performance Pilot

Puget Sound Energy- Pay for
Performance pilot

District of Columbia Sustainable
Energy Utility - Pay-for-
Performance program

Bay Area Regional Energy
Network — Small and Medium
Commercial Buildings Pay-
for-Performance program

New York State Energy Research
and Development Authority-
Business Energy Pro

Pacific Gas and Electric
Company- Residential Pay-for-
Performance programs

- Germany- Energy Savings
Meter programme

Existing Buildings:
- Commercial and industrial

buildings, peak demands >200
kw.
- Multifamily, peak demands >100
kw.
New Construction:
Commercial and industrial
projects.
Conditioned space >50,000 sq. ft.
Commercial buildings that are not
utilised for any industrial process.
- Minimum annual consumption of
1,500,000 kWh per building or
group of buildings.
Medium-large commercial
buildings including MUSH.
Conditioned space >50,000 sq. ft.

Large commercial and industrial
facilities.

Commercial, in particular office
buildings, but also healthcare,
grocery stores, and MUSH.
Conditioned space >20,000 sq. ft.
Commercial and Institutional
facilities (e.g., 24/7 facilities,
museums, medical facilities).

- Conditioned space >50,000 sq. ft.
- Large commercial and
institutional buildings.
Conditioned space >100,000 sq.
ft.

SMBs, commercial sites.
Conditioned space <50,000 sq. ft.
- Energy consumption: electricity
<500,000 kWh, or annual gas
<250,000 therms.

- SMBs.

- Residential sector.

Residential, Commercial,
Industrial, MUSH.

- Implemented projects include
offices, retail stores, hospitals,
swimming pools, hotels,
restaurants, and industrial sites.

Existing Buildings:

- Lighting retrofit, high-efficiency HVAC equip-
ment, building management/controls, variable-
frequency drives, air-sealing, etc.

New Construction:

- At least one measure addressing each of the
following building components: envelope,
heating, cooling and lighting.

Equipment retrofits, controls installation, system,
recommissioning, and behavioural initiatives.

Air Handling Unit (AHU) optimization, Roof

insulation, Wall insulation, Window replacement/

upgrade

Change induction HVAC system to high-

performance Variable Air Volume (VAV) system,

Filter Redesign, Chillers with heat recovery,

variable-frequency drives on pumps, Lighting ret-

rofits, Continuous Commissioning, Replacing

faulty HVAC equipment, Replacing old inefficient

HVAC equipment with efficient one, Eliminating

simultaneous heating and cooling, Schedule

corrections.

Process improvements in the office and on the

manufacturing floor.

Employee engagement to foster best practices in

saving energy (including training).

Regular maintenance of equipment.

- Capital upgrades for equipment that is out of date
or reaching end of life.

- Economizer tuning, Supply Air Temperature reset,

Duct Static Pressure Reset, Modulate condenser

flow, Secondary Pump, variable-frequency drives,

Adjusting cooling tower fan staging.

Capital investments.

Maintenance and operational improvements.

Behavioural energy-saving opportunities.

- Complex multi-measure efficiency projects.

- Re-commissioning and retro-commissioning of
equipment.

Advanced building controls and upgraded
building automation systems.

Energy management information system.

HVAC and Lighting (mostly implemented).
Boiler Plant Improvements.

Building Envelope Modifications.

- Electrical Peak Shaving/Load Shifting.

- Electric Motors and Drives.

- Electric & Day Lighting Modifications.

- HVAC.

Appliance & Plug-Load Reductions.

Refrigeration & Food Service Equipment.

The programme is “measure-agnostic” to provide
the opportunity for flexibility and innovation.
Behavioural, retro-commissioning, and opera-
tional and maintenance measure savings are also
eligible.

- Smart thermostats, tuning and optimization of
equipment, lighting.

Home energy use analysis with recommendations.
Full-home energy retrofits (HVAC equipment and
fabric improvements).

Rebates on high efficiency, hybrid electric, heat
pump water heaters.

Home maintenance, fabric improvements.
Improving access to energy-related information &
installation of automatic control devices.

Existing Buildings:

- No single measure.

- 15% minimum savings.

- Max. 50% from lighting.

New Construction:

- A minimum combination of measures.
- Minimum performance above code.

The programme does not include a specific
requirement.

At least 15% energy savings from capital
equipment upgrades with measure lifetimes
over 10 years.

Participants engaged as part of a cohort to
encourage peer-to-peer learning.

At least three capital investments.
5% minimum savings.

At least two measures.
Minimum 15% energy savings.

- Annual savings greater than 10%.

Installation of equipment required to exceed
the requirements of Title 24 of the California
Code of Regulations.

- Operational, behavioural, and retro-
commissioning activities reasonably expected
to produce multi-year savings.

Intervention includes more than a single
measure.

Minimum of 5% portfolio energy reduction for
either electricity or natural gas.

- Offers a variety of programmes that include
different offers for customers, with contractors
having the flexibility to choose from a wide
variety of measures and approaches.

Eligible savings under funding coming from
innovative digital installations and
improvements.
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and government agencies to deliver sustainable energy programmes,
including P4P.

4.2.3. Roles

Many actors are commonly involved in a P4P programme, with
specific responsibilities and roles. The role of an administrator depends
on each programme. It generally includes budgeting, and financial and
contract management. The administrator often conducts the market
assessment and the programme’s design, and in most cases, adminis-
trators are also responsible for market outreach. The implementation of
the programme can be accomplished by contractors, ESCOs, or another
third-party entity responsible for a set of projects. These implementers/
aggregators can conclude energy need assessments, develop energy
reduction and energy management plans, implement the measures, and
in some cases can also be responsible for model/simulation development
(e.g., BayREN, ETO, etc.). Administrators may perform quality, model,
and progress reviews on the reports provided by the implementers
before approving eligibility for incentives.

In some cases (e.g., NYSERDA, etc.), a dedicated EM&V provider can
be appointed to deal with data analysis. In the cases of BayREN and
PG&E, for example, programme administrators and their P4P allies
(ESCOs, contractors, manufacturers, engineers, and retailers) are
responsible for engaging customers, while in the case of ETO, the P4P
ally is responsible for customer recruitment and identifying prospective
participating sites. In the case of the NYSERDA programme, portfolio
managers are required to reach out to small and medium enterprises; in
the case of the DCSEU programme, preferred contractors engage with
potential customers, while in the case of the ESM programme, funding is
provided to businesses (large companies and small and medium enter-
prises), which promote digitally-enabled energy efficiency solutions to
their customers. NJCEP cooperates with a programme manager, who is
responsible for administration, dissemination activities, engaging par-
ticipants, and facilitating applications and agreement arrangements.
Administrators often offer a pool of recommended/licensed energy im-
plementers to avoid frauds and ensure programme achievements and
customers satisfaction (e.g, PSE, ETO, NJCEP, DCSEU, etc.). Finally,
after a pilot or a programme is completed, implementers provide feed-
back to administrators regarding the programme’s design aspects and
payment structures, contributing to the programme’s further
development.

4.2.1. Source of funding

All but one of the P4P programmes examined are funded by utility
customers through their energy bills. Energy efficiency provides benefits
to all customers by avoiding the need to build new power plants,
transmission lines, and distribution facilities. These public benefits
lower the costs for everyone, justifying the fact that all consumers
participate in financing the programmes, including those who do not
directly participate. Ratepayers contribute to funding energy efficiency
programmes through a small public benefit charge (e.g., ETO, NJCEP,
etc.), or other separate surcharges (e.g., in PSE, CEIL, NYSERDA, etc.)
added to utility customers’ monthly utility bills. For example, in the case
of NJCEP, the extra charge on customer bills is called “public benefit
charge.” Some entities include the costs of energy efficiency and demand
reduction programmes in their electricity/gas rates (e.g., SCL, etc.).
These charges are paid by all customers and are collected at utility
territory, state, province, or country level. The ESM programme is fun-
ded by taxpayers. Like for all energy saving programmes, while tax-
payers bear the costs, they eventually benefit from lower energy system
costs (due to the energy saved), which flow through in lower energy
prices.

4.2.4. Customer segment

P4P programmes are either targeted to customers from certain sec-
tors, or to certain types of buildings, or are open to all customer seg-
ments. The majority of the P4P programmes analysed focus on large
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commercial, industrial, or institutional customers with a high potential
for savings. In most cases, eligible facilities have to meet specific re-
quirements regarding minimum total surface (e.g., square feet of
conditioned floor area, etc.), average annual electricity and gas con-
sumption, and/or annual peak demand. For example, the ETO P4P
programme targets commercial buildings (in particular office build-
ings), but also healthcare, grocery stores, and MUSH buildings, which
have at least 20,000 square feet of conditioned floor area, while the SCL
and PSE programmes engage existing commercial and institutional
buildings with more than 50,000 square feet of conditioned floor area.
For DCSEU, the threshold is 100,000 square feet of conditioned floor
area. CEI was initially designed to reach the largest commercial and
industrial energy consumers in Vermont, while EPP requires each
participant to have a minimum annual consumption of 1,500,000 kWh
per building (or group of up to five buildings aggregated into a single
baseline energy model). For NJCEP and its “Existing Buildings” pro-
gramme, commercial and industrial buildings must have a peak demand
of at least 200 kW in any of the most recent 12 months, while multi-
family buildings must have a peak demand of at least 100 kW in any of
the most recent 12 months. New or substantial renovation of commer-
cial, industrial and multifamily buildings must have 50,000 square feet
or more of gross heated/conditioned space.

On the other hand, some programmes have specific requirements
regarding the maximum total surface, average annual electricity and gas
consumption and/or annual peak demand. BayREN and NYSERDA have
developed P4P programmes that provide energy efficiency services to
SMBs, which is less common among the cases. In particular, BayREN
engages commercial sites with no more than 50,000 square feet of
conditioned space, with annual electricity consumption of less than
500,000 kWh and/or annual gas consumption of less than 250,000
therms, while for the NYSERDA programme, eligible customers are
those with an average annual peak electricity demand of less than 300
kW. PG&E’s residential P4P programme is the first attempt to scale a
whole-building programme to the residential sector with a normalised
metering-based approach, aggregating savings across a portfolio of
many homes. Finally, one of the programmes studied allows for a high
degree of flexibility rather than focusing on a specific sector. Applicants
for ESM are free to choose the customers to whom they will address their
offer (e.g., households, public bodies, companies or other end-users,
etc.). Projects have been funded in a variety of settings, including of-
fices and retail stores, hospitals, swimming pools, hotels, restaurants,
and industrial sites.

4.2.5. Eligible measures

In general, eligible measures under energy efficiency programmes
depend on each programme’s goal and purpose and other parameters
such as the return of investment, saving potential, customers’ needs, etc.
The P4P programmes examined target multiple measures combining
device replacements, operational/behavioural improvements, and retro-
commissioning, rather than focusing on individual retrofits (e.g., light-
ing, motors, etc.). Some of the programmes may encourage energy
management, implementing employee training on best practices in en-
ergy management, regular maintenance of equipment and capital up-
grades (e.g., CEl, etc.), while others target savings primarily from
building retrofits and equipment upgrades (e.g., SCL, etc.). The ESM
programme was specifically designed to leverage digitalisation for the
benefit of energy efficiency improvements. The projects submitted by
candidates shall develop and propose innovative digital solutions for
customers to save energy. Combining a minimum number of measures
(e.g., in PSE, a combination of two or more measures must be selected,
etc.), or achieving a minimum percentage of energy savings compared to
the baseline including through certain measures (e.g., a 15% electricity
consumption reduction by capital upgrades is required by SCL, etc.), is
often a programme requirement.
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4.3. Performance assessment method

In a P4P programme, compensation is bound up with performance;
thus, the estimation of energy savings must be reliable, accurate and
clearly defined. The protocol and the methodology applied to establish
the baseline scenario can vary. A variety of saving estimation methods
are used, including Building Energy System (BES) simulation models,
direct device measurements, and analysis of meter or billing data at
various time intervals [33].

4.3.1. Protocol

Measuring and verifying savings from performance-based contracts
requires adopting a methodology, which can influence the eligibility of
measures and the programme requirements. Although EM&V is an
evolving science, best practices have been developed. These practices
are documented in several guidelines, including the International Per-
formance Measurement and Verification Protocol (IPMVP) and the
American Society of Heating, Refrigerating, and Air Conditioning En-
gineers (ASHRAE) Guideline 14, Measurement of Energy and Demand
Savings [90]. Table 6 presents an overview of the IPMVP protocol op-
tions and examples of different energy efficiency retrofit scenarios and
categorisation per option [91,92].

At least seven of the P4P programmes analysed estimate savings
using the methodology and guidelines of IPMVP Option C. This
approach offers continuous whole-building measurements of energy
consumption and demand. This is suitable given that almost all the
programmes target operational, behavioural, and retro-commissioning
measures, strategic energy management, and multi-measure whole-
building retrofits, and no single measures (e.g., solely lighting or
equipment replacement, etc.). Savings are determined by measuring
energy consumption and demand at the whole-facility/utility-meter
level. In the case of multi-measure projects, it is hard to identify the
effect of a single measure on overall usage, especially when the impact of
the savings is small and can be easily confused with other activities (e.g.,
occupants leaving for vacation or missing from home for longer periods,
etc.) [31]. According to Option C guidelines, savings should typically
exceed 10% of the baseline to accurately discriminate the savings from
the baseline data [91]. This can impact the programme requirements.
For example, SCL requires at least 15% of the building’s baseline electric
consumption from capital equipment upgrades to improve the certainty
of estimates.

The “Existing Buildings” programme of NJCEP is based on ASHRAE
Guideline 14 “Whole Building Calibrated Simulation” approach [93].
The IPMVP and ASHRAE approaches are very similar, but the ASHRAE
protocol is not widespread, mainly because of the extremely high

Table 6
Summary of IPMVP options and examples of different applications.
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restrictions required in evaluating and discussing uncertainties. It is
acknowledged that IPMVP offers a more general approach and structure
and that the ASHRAE protocol complements IPMVP in being more
technical [94]. ETO’s commercial Operations and Maintenance (O&M)
measurement and verification guidelines were developed utilising both
the IPMVP Option C and the ASHRAE Guideline 14 industry standards.
On the other hand, BayREN, NYSERDA, and PG&E, which target
smaller-size facilities, utilise the CalTRACK methods, which provide a
transparent and peer-reviewed implementation of the IPMVP Option C
[95]. Savings are estimated using real-time data collected through
dedicated smart-meter technology and advanced metering infrastruc-
ture and are aggregated daily. CalTRACK methods reduce model un-
certainty and errors related to the estimation of savings among different
buildings by aggregating the saving estimates across a set of buildings
and cancelling out the overestimates/underestimates of savings [96].
Typically, the accuracy of the aggregated saving estimations increases
with the greater number of buildings in the portfolio.

4.3.2. Baseline scenario

The key factor for the determination of energy savings is the baseline
scenario, which represents what would have occurred without the
implementation of energy efficiency retrofits. Energy savings are
calculated as the difference between this scenario and actual usage after
an intervention. Fully specifying the baseline scenario requires a com-
bination of technical information and assumptions. This depends on the
measurement methodology used.

The IPMVP Option C protocol utilises statistical models in order to
generate normalised metering estimates. Such models usually include
variables such as weather data or occupancy, which affect energy con-
sumption independently of the energy efficiency retrofits. If the mea-
surement methodology is for the whole building, the baseline is typically
based on metered data from a period of time prior to the intervention,
normalised for that period’s weather and/or other variables. As a result,
most of the programmes require at least a 12-month period of metered
data or more, if any significant changes in the building (non-routine
events) have occurred in the past period. Statistical models adjust for
building occupancy and other independent variable data if buildings
stay relatively consistent through the baseline and post-implementation
period. However, as most of this information is not publicly available,
estimation software primarily accounts for weather differences and time
of day. After the implementation of the retrofits, participants must
report significant changes that affected energy consumption patterns.
The frequency of the baseline setting exercise is also an interesting
parameter. The SCL five-year contract is the one case where the baseline
is resetting every year. This contract is particularly designed for

IPMVP protocol Calculation of savings

Examples of application

Option A
Retrofit isolation: Key
Parameter Measurement

Option B
Retrofit isolation: All
Parameter Measurement

Option C
Whole Facility

Option D
Calibrated Simulation

Savings are determined by field measurements of the key parameter(s), which define the
energy consumption and demand of an isolated retrofit of a device. Measurement frequency
ranges from short-term to continuous, depending on the expected variations in the measured
parameters and the length of the reporting period.

Savings are determined by field measurement of the energy consumption and demand and/
or related independent or proxy variables of energy efficiency retrofits. Measurement
frequency ranges from short-term to continuous, depending on the expected variations in
savings and length of the reporting period.

Savings are determined by measuring energy consumption and demand at the whole
facility’s/utility’s meter level. Continuous measurements of the entire facility’s energy
consumption and demand are taken throughout the reporting period.

Savings are determined through simulation of the energy consumption and demand of the
whole facility, or of a sub-facility. Simulation routines are demonstrated to adequately
model actual energy performance in the facility. This option requires considerable skills in
calibrated simulation.

- Pump/Motor efficiency improvements.
- Boiler efficiency improvements.

- Lighting efficiency.

- Lighting operational control.

- Compressed air leakage management.
- Street lighting efficiency and dimming.
- Turbine-generator set improvement.

- Pump/Motor demand shifting.

- Mix of energy efficiency measures with metered
baseline data.

- Whole facility energy accounting relative to
budget.

- Mix of energy efficiency measures in a building
without energy meters in the baseline period.

- New buildings designed better than the building
code.

11
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customers that lack initial capital or prefer to implement the energy
efficiency retrofits gradually during the five-year period.

4.3.3. Metering technology

The majority of the programmes analysed collect data via advanced
metering infrastructure in short time periods. For example, hourly or 15-
min interval data is required in SCL programme, and hourly, or sub-
hourly interval data is required in EPP.

4.4. Payment structure

Finally, a key element of the P4P programmes analysed is the design
of payment flows, agreements, and processes between all the actors
involved, i.e., the beneficiary of the performance payment, the duration
of the contract, the reward structure, and prices per unit of energy saved.

4.4.1. Beneficiary of the performance payment

Since the performance risk is borne by the entity paid for delivering
energy saving measures (rather than the utility or another programme
administrator), the payment process is a core part of the programme’s
design. In some cases, the administrator contracts and compensates in-
dividual customers directly, who are in turn responsible for delivering
the energy savings required, while in other cases, incentive payments
are made to an implementer/aggregator. In the ETO, NJCEP, SCL, EPP,
and DCSEU programmes, incentives are directly delivered to customers
(building owners) but can also be assigned to the implementer (i.e.,
ESCOs, contractors, or other service providers) via an incentive/agree-
ment form. The same approach is applied by the PSE programme, but the
option of assigning the rebates to the implementer is not available. PSE
wanted to provide flexibility to customers to select a different imple-
menter during the contract period. On the other hand, BayREN, PG&E,
NYSERDA, and ESM target smaller buildings. In these programmes, the
utility pays an implementer/aggregator, who contracts customers to
install energy efficiency measures and delivers energy savings to the
programme administrator. The price and other contractual terms and
obligations for the installation and the maintenance of energy efficiency
measures are determined between the customer and the implementer/
aggregator.

4.4.2. Contract duration

Long contract periods encourage deeper savings since more measures
with longer payback periods can be implemented. Nevertheless, con-
tracts with a long duration can discourage implementers because they
have to manage risks for a longer period. For example, ETO had initially
started the P4P pilot with a three-year performance period but changed
to a one-year contract period for the future pilot due to the common
property owner changes in the area. The duration of the contract widely
differs across the P4P programmes analysed, varying between one and
five years. In the NYSERDA programme, the performance period lasts
three years. In the EPP programme, it counts up to two and a half years,
while in the ESM programme, the duration is designed to be five years.
Some programmes have shorter periods than three years. Specifically,
PG&E offers a two-year contract, as does BayREN, whilst ETO, DSEU,
and NJCEP offer just one-year contracts. Aiming to satisfy and engage
more prospective participants, the SCL programme offers two options
for contract duration: a three-year contract, which is suitable for par-
ticipants that have the sufficient initial budget to implement all the
energy efficiency measures upfront during the first year; and a five-year
contract that is designed for customers lacking the initial capital or
preferring to gradually implement the energy efficiency retrofits during
the five-year period. Under the five-year contract, a new baseline sce-
nario is estimated each year.

4.4.3. Reward structure
The majority of the programmes also provide an upfront, non-
performance-based incentive in addition to performance-based
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payments. This approach helps participants to manage cash flows and
financial risks. In many cases, this upfront incentive is provided to the
programme participant for the implementation of specific mechanisms/
services. For example, EPP provides an initial modelling incentive for
the deployment of the energy simulation model used, whilst ESM offers
25% of the project’s estimated cost for the development of digitalisation
services. In other cases, a compensation percentage (20-60%) is made to
participants after the installation of the energy efficiency measures
based on projected savings (e.g., PSE, ETO, etc.). In NJCEP, an initial
incentive is offered based on the area of the building once participants
have prepared an energy reduction plan. Finally, in BayREN, 50% of the
total project’s cost will be paid to programme implementers after the
completion of the energy efficiency retrofits based on estimated savings,
while the remaining incentives will be formed by actual savings. In some
cases, programmes have a totally performance-based design (NYSERDA,
SCL, DCSEU, and PG&E) and constitute pure P4P programmes. In these
cases, upfront payments are sometimes made to deal with cash-flow
issues, with adjustments taking place at a later stage to reflect on the
actual performance. This is also partly the case for incentives in the
NJCEP programme, which, although are delivered in advance, can be
considered performance-based, since following payments are adjusted if
the project underperforms.

The CEI programme differs from the typical P4P structure. Partici-
pants (industrial and commercial companies) are incentivised by Effi-
ciency Vermont’s enhanced technical engineering and consulting
support on energy management practices, but they are not rewarded
based on performance. Instead, Efficiency Vermont is the one who is
compensated upon it. Efficiency Vermont and the participating com-
panies sign a memorandum of understanding for estimated savings re-
sults anticipated with full commitment by the customer for programme
participation. Savings are delivered and monitored and can then be
claimed by Efficiency Vermont as part of its energy saving goals, which
are negotiated with the Vermont Public Utility Commission for a two-
year period. Efficiency Vermont’s compensation is based on three
components: actual incurred costs, performance compensation upon
attainment of the utility’s three-year performance targets, and opera-
tional fees. The performance-based element of the remuneration is not
proportional to the savings achieved; its amount is a percentage of the
other remuneration elements if a number of indicators, including energy
savings, are achieved.

4.4.4. Price per unit

Finally, another distinction among the P4P programmes concerns the
price per unit of energy saved. Most of the programmes offer a standard
reward incentive for a measured unit of energy saved (e.g., 5 cents/kWh
of energy saved for electricity and 15-20 cents/therm of energy saved
for natural gas), as set by the programme administrator. However, a
minority of the programmes rely on bidding prices. In particular, the
NYSERDA, DCSEU, and PG&E programme rates depend on the bid
presented by implementers and subsequent negotiations, meaning that
rates will vary for each participant. NYSERDA and PG&E consider the
lifetime of the measures in the price-setting mechanism. This approach
aims to promote and not to discriminate against measures with a long-
term effect. The performance is, therefore, rewarded for services that
are provided beyond the contracting period. Table 7 summarises the
payment structures for 10 of the P4P programmes analysed. The CEI
programme is not included in the table due to its particular structure,
which is not a typical P4P approach.

5. Discussion and conclusions

Energy efficiency has played a vital role in global efforts towards the
reduction of GHG emissions, addressing both climate and energy secu-
rity challenges and providing multiple benefits. However, despite its
potential, energy efficiency ranks at the lower end of the spectrum of
realised sustainable energy investment opportunities, mainly due to
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Table 7
Payment structures of the P4P programmes analysed.
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Programme Pure Payment Price setting Contract duration
P4p? schedule
New Jersey Clean Energy Program- Pay-for-Performance Commercial & Hybrid 1. After planning ~ Path 2: $0.09/kWh 1 year
Industrial program 2. After Path 3: $0.90/therm
installation Bonus for higher
3. After 1 year savings
Ontario Save on Energy- Energy Performance Program Hybrid Yearly $0.04/kWh 2.5 years
Seattle City Light- Deep Retrofit Pay for Performance program 100% Yearly Path 1: $0.08/kWh Path 1: 3 years
P4P Path 2: $0.18/therm Path 2: 5 years, baseline recalculated
Bonus for higher each year.
savings
Energy Trust of Oregon- Pay for Performance Pilot Hybrid 1. After $0.15/kWh. 1 year
installation $1.80/therm.
2. After 1 year
Puget Sound Energy- Pay for Performance pilot Hybrid Yearly $0.35/kWh 5 years, including a 4-year
$5.00/therm performance period
Bonus for higher
savings
District of Columbia Sustainable Energy Utility- Pay for Performance program  100% One-off payment  Project-specific 1 year
P4pP
Bay Area Regional Energy Network- Small and Medium Commercial Buildings ~ Hybrid Yearly Price results of the bid 2 years with possibility to extend
Pay-for-Performance program process
Bonus for higher
savings
New York State Energy Research and Development Authority- Business Energy ~ 100% Quarterly Price results of the bid 5 years, including a 3-years
Pro P4pP process performance period
Favours long lifetimes
Pacific Gas and Electric Company- Residential Pay-for-Performance programs 100% Monthly Project-specific 2 years
P4p Full-lifetime reward
Germany- Energy Savings Meter programme Hybrid Yearly Price result of bid 5 years

process

issues such as lack of funding, uncertainties over financial gain, and lack
of metering infrastructure. So far, energy efficiency interventions have
mainly relied on traditional policy programmes that provide upfront
incentives based on a predicted result, which, although have partially
resolved funding problems, still create a lot of uncertainty and reluc-
tance to investors. In order for energy efficiency projects to stimulate the
energy service market and become more attractive to investors, they
must be associated with consistent returns and stable long-term cash
flows.

In this context, during the past few years, new, more market-oriented
funding programmes have slowly been developed, rewarding end-users
on an ongoing basis based on the energy savings achieved, and
constantly evaluating the performance of an energy efficiency invest-
ment as the savings occur. By focusing, thus, on the output, these P4P
programmes are able to align incentives with policy objectives, incen-
tivise the persistence of energy savings over time in a more efficient way,
and further boost the energy service market. Our study sets out to
introduce the main specifications and features of energy efficiency P4P
programmes by conducting a comparative analysis of 11 such real-world
cases in North America and Europe, summarising experience and lessons
learnt, and providing a set of key implications and recommendations for
policymakers and other practitioners on further designing P4P pilot
projects.

5.1. Lessons learnt

(1) P4P programmes are often driven by the desire to modernise
energy efficiency policies: P4P programmes are mostly driven
by regulation, and, in particular, utility energy efficiency obli-
gations. In many cases, policymakers or regulators have specif-
ically asked utilities or entities in charge of delivering energy
savings to create innovative programmes to boost innovation,
green job creation, and market transformation. Utilities’
involvement in P4P programmes facilitates data access, even if
the exchange of energy consumption or utility bill data between
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energy utilities and public authorities is not always straightfor-
ward (e.g., due to strict data protection protocols, extensive
bureaucratic processes, etc.). In addition, P4P programmes were
often a request formed by energy market actors (e.g., ESCOs,
etc.), while in other cases, the main driver was the need to
improve the cost-effectiveness of energy efficiency programmes
or to deliver high-quality programmes funded by ratepayers.
P4P programmes are able to target multiple measures:
Combining a minimum number of measures or achieving a min-
imum percentage of energy savings compared to the baseline
scenario through certain types of energy efficiency measures, is
often a programme requirement. Behavioural and operational
measures are often combined with technical measures to ensure
that savings are delivered.

The residential sector is the new frontier for P4P pro-
grammes: To date, most of the P4P programmes have been
implemented in the commercial sector. This is also the case with
the majority of the P4P programmes analysed in this study, which
focus on large commercial, industrial or institutional customers.
However, the P4P concept has not been very popular so far in the
residential sector, possibly because measuring methodologies
have been too expensive to scale up and not automated to this
point [97]. Large customers and high saving opportunities make
more complex EM&V procedures worthwhile for implementers.
However, with the wider deployment of smart meters, collecting
consumption data becomes less complicated, and the cost of
whole-building measurements decreases, making the EM&V
procedures, which are necessary for the success of a P4P pro-
gramme, more practical for residential and small commercial
buildings.

Selecting an EM&V methodology sets the basis for P4P pro-
grammes: When selecting a methodology to estimate savings
from a P4P programme, administrators must consider their
tolerance for uncertainty, the magnitude of savings expected
from the programme, and whether savings are aggregated in a
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portfolio. Standardised guidelines reduce the bureaucracy and
complexity burden for aggregators/implementers and customers
and allow the counting of savings consistently and transparently
by all parties. Finally, automated metering enables continuous
whole-building measurements, while it also allows achieving
time-specific energy savings that can be required to provide grid
services.

Establishing the right payment structure requires research
and consultation: Our analysis show that there is not a standard
approach regarding who is compensated. Each programme is
designed based on specific local market conditions and in
consultation with key stakeholders to decide on the payment
structure. Contract duration is also a feature that should be
decided in consultation with market representatives and other
end-users, as local economic and social conditions can affect the
willingness of customers to participate. Short contract durations
can help mitigating risks for implementers or aggregators. They
often require putting in place a mechanism to ensure that longer-
term measures are rewarded appropriately. This can be reflected
in the payment structure or in the eligibility criteria of the
different energy efficiency measures. In most of the P4P pro-
grammes analysed, the aggregator/service provider delivers the
savings to the programme administrator and takes on the per-
formance risk, by making investments (e.g., equipment re-
placements, etc.) and bearing the EM&V costs. If project
implementers/aggregators are paid by utilities one or more years
after implementing a measure, and only on the basis of metered
data, there is a risk of not being paid or receiving a penalty if
savings do not materialise. This can increase the cost of their
services and/or discourage them from participating. To be
compensated for taking on the performance risks, and to ensure
that they will have a return on their investments, they may
receive a higher payment per unit of energy saved. A mix of non-
performance-based and performance-based payments can also
alleviate risks.

5

-

5.2. Implications for policy and practice

(i) As the electrification of end-uses accelerates, with the mass
adoption of heat pumps and electric vehicles and shares of
renewable energy sources contributing more to electricity gen-
eration, the value of demand-side resources will increase sub-
stantially. The resources required to ensure the electricity
system’s adequacy will be very different, depending on the time
of the day, the weather, seasonal factors, and location. In this
environment, energy efficient and self-sufficient/grid-interactive
buildings can play a significant role in reducing electricity system
costs. However, in order to be fully compensated for the services
it provides, energy efficiency will need to prove its performance.
As a result, piloting performance-based approaches such as P4P
applications now will be an important first step in familiarising
stakeholders with this concept and assessing whether the
approach is appropriate to deliver on the objectives. Policy-
makers should consider requiring obligated utilities to deliver
some of their targets using the P4P concept. In countries where
capacity mechanisms are in place, policymakers could pilot P4P
in the context of applying the “Efficiency First” principle to these
capacity mechanisms. Wherever network constraints exist, reg-
ulators could provide incentives to distribution network opera-
tors to pilot P4P applications as part of performance-based
regulatory changes.

P4P requires the energy efficiency industry to adapt to new forms
of compensation and performance-based evaluation. In this dy-
namic environment, it is essential to closely work with stake-
holders to develop the programme’s design, measurement
methods, and reporting infrastructure (e.g., data sharing

(i)
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platforms, EM&V procedures, etc.). A transparent, inclusive, and
iterative approach to programme development will increase the
likelihood of a better design and implementation. At the same
time, being clear about why a P4P programme is being pursued
will help to overcome legitimate concerns about changes to
business models that may need to be developed.

P4P programmes, like many other utility programmes, competi-
tive energy efficiency tenders and auctions, favour the take-up of
the most cost-effective ways of meeting targets or achieving the
specified outcomes. This is an advantage. On the other hand,
there is a risk that programmes limited in their ambition by
considerations of cost-effectiveness to ratepayers may be incon-
sistent with the achievement of broader climate and energy ob-
jectives that take account of broader societal costs and benefits.
Ensuring that this risk does not materialise can be achieved
through the linking of utility programmes (whether or not they
involve P4P) to other taxpayer-funded programmes; by allowing,
for example, co-funding, or by providing more per-unit
compensation for higher levels of savings. Performance stan-
dards and targets are also needed to guide interventions. Infor-
mation and tools such as building renovation passports can also
help ensure consistency between the activities that take place at a
building level and broader climate and energy goals.

(iii)

5.3. Limitations and outlook

Our work is only a snapshot of the programmes analysed. As a result,
updated information regarding the specifications of some of the pro-
grammes, e.g., duration, programme extension, etc., may not have been
included. However, the latter is also attributed to the fact that not every
case had comprehensive design and performance data available.
Comprehensive documentation of programme designs, cost, and per-
formance data would make the experience of a successful case more
convincing when disseminated to an audience. To this end, P4P pro-
grammes should be evaluated and well-documented with performance
results as well as with useful insights from policymakers and programme
implementers. Open-source data-driven EM&V models and detailed
documentation (e.g., programme implementation manuals, contract
templates, etc.) should be distributed through existing public channels
to promote the use, modification, and replication of P4P programmes.

With more P4P programmes implemented, and more data docu-
mented in the near future, more studies in the scientific literature,
conducting an in-depth analysis of more real-world programmes are
needed. Documenting specifications and best practices would be very
helpful to demonstrate the effectiveness of P4P programmes and, thus,
to reduce knowledge barriers and enhance transparency among the
relevant stakeholders. Finally, as energy efficiency P4P programmes are
still a fairly new concept, we managed to only identify and review 11
real-world cases, with 10 out of them being in North America. This
implies that there is still a lot to be done in the European policy land-
scape. To this end, as further research, we intend to explore how the
current policy environment and upcoming regulatory developments in
the EU, e.g., the “Fit for 55” package, the European Green Deal, the
Renovation Wave, etc., may become risks or opportunities and affect the
viability of P4P programmes, also devising and presenting integrated
strategies for rolling-out P4P pilot projects in the EU.
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Appendix
Table Al

Semi-structured questionnaire used for the interviews with the representatives of the energy efficiency pay-for-performance programmes analysed in this study.

Main information

Name

What is the name of the P4P scheme?

Responsible entity

Purpose
Start date and duration
Location
Geographical coverage

Regulation

Website

Summary description

Key design features
End-users or target sectors

Technical measure(s) and lifetime(s)

What is the name of the entity responsible for managing the scheme? What is the type of the entity? (e.g., utility, third-
party administrator, etc.)

What is the purpose of the P4P programme? (e.g., deliver energy efficiency as a grid resource, target specific sectors, etc.)
When did the programme start? How long has it been in place?

Where is the programme implemented?

What is the geographical coverage of the programme? (e.g., a set of multiple municipalities, state for the case of US,
national, etc.).

Is the programme driven by regulation? If yes, please explain briefly (e.g., national efficiency targets, etc.).

Link of the programme required.

Please provide a summary of the programme.

What is the target sector of the programme? (e.g., residential, commercial, etc.)

Does the programme target specific end users? (e.g., energy poor household, etc.)

What type of energy efficiency measures are typically implemented through the programme? (e.g., replacing the heating
system, lighting upgrades, etc.)

Actors involved List all the actors involved and briefly describe their role.
Performance assessment
Baseline and Metering methodology How do you define the baseline of the projects and what metering methodology do you use?
Data collection How and how often is performance data collected?
Price paid per unit rewarded What is the price paid per unit rewarded?
Payment and reward structure Please provide a detailed description of the monetary flows of the project and the non-monetary benefits for each actor
involved.
Lessons learnt
Achievements What are the achievements of the programme since it was first launched? (e.g., total electricity (kWh), gas (therms)
savings)
Drivers for the programme Describe regulatory and non-regulatory drivers for the P4P programme
Barriers faced by the programme, and potential solutions  Please provide a list of barriers, and how they have been addressed during the programme implementation
(if identified)
Lessons learnt What was learnt from implementing the programme?
Next steps What are the next steps for P4P programmes in your jurisdiction?
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