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The IEA Technology Collaboration Programme on User-Centred Energy Systems (Users
TCP) was launched in 2019 to provide policy-relevant evidence on factors influencing energy
use, including technology acceptance, and their impact on society. Its objective is to provide
impartial, reliable and authoritative research, guidelines and recommended practices to public
and private decision makers and implementers based on international evidence.

The Users TCP’s fourteen member countries pool resources and share knowledge to build
the evidence base on which to establish and adapt energy policy centred on users. Our work
programme includes the Behavioural Insights Platform, the Global Observatory on Peer-to-
Peer, Community Self-consumption and Transactive Energy Models (GO-P2P) and Tasks
focused on Hard-to-Reach Energy Users, Just and Inclusive Energy Transitions, Public
Engagement for Energy Infrastructure and the Social License to Automate. The User-Centred
Energy Systems Academy disseminates our work through a series of online webinars.

The Users TCP is established under the auspices of the International Energy Agency (IEA) as
a functionally and legally autonomous body.

Current members of the Users TCP: Austria, Belgium, Canada, Finland, Ireland, Italy, Korea,
the Netherlands, New Zealand, Norway, Sweden, Switzerland, the United Kingdom and the
United States.

Further information on the Users TCP is available from: www.userstcp.org

Disclaimer

This publication was commissioned by the User-Centred Energy Systems TCP (Users TCP)
— part of the IEA Technology Collaboration Programme. It was authored by Anna
Gorbatcheva.

The publication has been prepared with reasonable care. However, the authors, the
Contracting Parties of the Users TCP and their agents accept no responsibility for the
accuracy, completeness, or suitability of the information herein, and shall not be liable for
any loss or damage arising from its use. This material does not constitute professional
advice.

The Users TCP is organised under the auspices of the International Energy Agency (IEA)
but are functionally and legally autonomous. Views, findings, and publications of the Users
TCP do not necessarily represent the views or policies of the IEA Secretariat or its individual
member countries.
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Executive Summary

This is the Final Task Report of GO-P2P — the Global Observatory on Peer-to-Peer,
Community Self-Consumption, and Transactive Energy Models — a five-and-a-half-year
international research collaboration conducted under the Users TCP Technology
Collaboration Programme of the International Energy Agency (IEA). Running from
September 2019 to February 2025, GO-P2P brought together over 200 researchers,
practitioners, policymakers, and regulators from 25 countries to build both a research
community, and an authoritative, cross-disciplinary evidence base on the conditions under
which local energy market models can be successfully deployed and scaled. This report
summarises the Task’s principal findings, research outputs, and the lessons learned from
five years of comparative international research.

Key Takeaways

Local Energy Markets (LEMs) are capable of delivering real benefits for distribution
networks, individual participants, and local communities, but their effectiveness depends
critically on how they are designed and in which context they are deployed. The optimal
design of a LEM is strongly determined by the desired policy outcome and the specific
physical, social, regulatory, and economic conditions in which it operates. To date, no clear
LEM archetypes have emerged that perform well across a broad range of national contexts.
Instead, the evidence consistently points to the importance of contextual alignment: markets
that succeed in one jurisdiction may require substantial adaptation before they can deliver
comparable value elsewhere. A primary driver of this is the need for LEMs to fit within the
wider energy system context and be compatible with the existing methods of system
operation and regulation within which they sit.

The scope and ambition of LEMs varies enormously, ranging from complex platforms that
replicate many of the functions of national wholesale markets and deliver multiple outcomes
to multiple stakeholders, to highly simplified systems designed to deliver a single service to a
defined group. To date, most operational systems have prioritised delivering economic
benefits to participants over delivering services to local distribution networks. If scaled
without adjustment, this tendency risks exacerbating network management challenges rather
than alleviating them.

Delivering network benefits through LEMSs, and in particular the local balancing of supply and
demand, requires automated flexibility-enabling assets and a forward-looking capability to
synchronise consumption with anticipated renewable generation. GO-P2P’s cross-national
analysis of eleven international LEM cases confirmed that these two conditions are both
necessary for flexibility provision: no case in the dataset achieved grid flexibility without both
being present. Designing markets that deliver individual, social, and network benefits
simultaneously remains challenging in most jurisdictions, requiring reform of energy
regulation, consumer protection law, and, in some cases, data privacy frameworks. The
need for changes to non-energy regulations, such as consumer law and data privacy,
distinguishes LEMs from many other energy system interventions. This can create
substantial additional regulatory complexity when scaling up some LEM solutions
commercially.
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Task Impact & Achievements

The two goals of GO-P2P were community building and research outputs.

The Task held eight international workshops in eight countries over five years with over 500
attendances by over 200 participants from 25 countries. GO-P2P contributed to joint
initiatives with IEA 3DEN, INATBA and UNEP over the course of the Task.

It produced over 50 journal and conference papers including the following major reviews of
the field from its five subtasks.

* Dudjak, V. et al (2021), ‘Impact of local energy markets integration in power systems
layer: A comprehensive review’. Applied Energy

+ O'Regan, B. et al (2021), ‘P2P, CSC and TE: A Survey on Hardware, Software and Data.
Energies

» Schwidtal, J. et al (2023), ‘Emerging business models in local energy markets: A
systematic review of peer-to-peer, community self-consumption, and transactive energy
models, Renewable and Sustainable Energy Reviews.

» Capper, T. et al (2022), ‘Peer-to-peer, community self-consumption, and transactive
energy: A systematic literature review of local energy market models’, Renewable and
Sustainable Energy Reviews.

* Adams, S. et al (2021). Social and Economic Value in Emerging Decentralized Energy
Business Models: A Critical Review. Energies

» de Almeida, L. et al (2021), ‘Peer-to-Peer Trading and Energy Community in the
Electricity Market - Analysing the Literature on Law and Regulation and Looking Ahead
to Future Challenges’, EUI Working Paper RSC 2021/35

» Gorbatcheva, A. et al (2024), ‘Defining characteristics of peer-to-peer energy trading,
transactive energy, and community self-consumption: A review of literature and expert
perspectives’, Renewable and Sustainable Energy Reviews

Strategic Insights

Recommendations for

Topic Key Insights Policymakers

Electricity prices should reflect | Review the allocation of non-
Cost Reflective | true total cost of supply in time | generation costs and assess and

Pricing and place, including grid and mitigate regional price disparities
policy charges where appropriate.
Pricing structures must avoid Conduct distributional impact
unfair geographic impacts assessments to safeguard equity

Enable flexible market
participation through multi-
supplier models and new
energy actors

Innovation &
Consumer
Protection

Legally recognise prosumers and
community energy groups; enable
multi-party supply arrangements

Innovation-friendly regulation
and strong consumer
safeguards must go hand in
hand

Use sandboxes and principles-based
regulation; define clear consumer
rights and minimum standards

Shared learnings can Publish outcomes and insights from
accelerate progress regulatory trials
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Empower devices (e.g. EVs) to
New Devices & |act on price signals
Sub-Metering independently through sub-
metering

Standardisation is key to
ensure interoperability and
accurate data flows

Permit sub-metering to enable
behind-the-meter flexibility and
transactions

Develop real-time interface and data
standards for all actors

Looking Ahead

GO-P2P’s five years of evidence point to five priorities for the research and policy
communities in the years ahead. The first is reforming price signals to drive the growth of
local supply—demand balancing while equitably distributing the costs and benefits of doing
so. The second is better integrating LEMs into existing grid infrastructure, addressing
capacity constraints and managing the new forms of flexibility that active participation
generates. The third priority is constructing attractive and trusted value propositions for
participants, supported by appropriate regulation and robust data management frameworks.
Fourth, there is a need to find the optimal balance between system complexity and cost
optimisation across different scales of grids and markets. Finally, ensuring resilience to
external shocks, including cybersecurity threats and broader risks to the reliability of both
LEMs and the centralised systems they interact with, represents an important and often
underappreciated challenge for the field.

The drivers for uptake of Local Energy Markets vary widely. For energy system and
distribution system operators they can offer better coordination of distributed energy
resources, leading to local balancing and reducing peak loads on distribution grids. This, in
turn, can enhance network capacity and defer network infrastructure reinforcement costs,
permitting greater load growth from electrification of heating and transport as well as
reduced consumer bills through capital expenditure deferral. For governments with
decarbonisation targets they can provide alternative economic and social incentives for
uptake and coordination of DER assets, offsetting alternative stimulus measures such as
feed-in tariffs, boiler replacement programmes, or electric vehicle subsidies. For end-users
and communities they can provide revenue from DER assets, keep energy expenditure
within the local economy, and increase social acceptability of local energy assets. In each
case the design of the LEM should reflect the policy priority driving its implementation along
side other contextual considerations.

While much of the work in the field was initially motivated by direct bilateral exchange of
energy with neighbours using distributed ledgers to provide privacy and avoid double
counting, such ‘pure’ peer-to-peer markets have largely not materialised. Likewise,
widespread non-monetary exchange of energy such as donating or gifting surplus energy to
known individuals (family, friends or the energy poor) has largely not materialised. The
dominant model is a ‘platform’ service offered by a software vendor through which buyers
and sellers can be matched for a fixed or floating price. While non-monetary exchanges may
emerge in niche cases, it now seems likely that the majority of LEMs will involve anonymised
exchanges based on price. Unlike Virtual Power Plants (VPPs), which aggregate distributed
energy resources under centralised control to participate in wholesale or ancillary service
markets, LEMs facilitate decentralised, localised trading between participants within a
defined network boundary, preserving a degree of market agency for individual prosumers.
Because delivering network benefits entails additional capital and operational costs of
installing automation and shifting automated flexible loads to match predicted local
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generation, LEMs that deliver network benefits are more expensive to design and run.
Where and when such expense is justified will vary by network capacity which will change
seasonally and spatially as network capacity changes. LEM functionality will therefore need
to adapt to a changing landscape of financial costs and returns over time and space. While
there have been many academic and industry led trials of LEMs, and many more simulation
studies, few countries have seen commercial uptake and where so LEMs tend to be focused
on consumer price benefits.
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About the Project

The Global Observatory on Peer-to-Peer, Community Self-Consumption, and Transactive
Energy Models (GO-P2P) was a Task of the Users TCP Technology Collaboration
Programme under the auspices of the International Energy Agency (IEA). Running from
September 2019 to February 2025, GO-P2P was established as a pre-competitive, whole-
systems research collaboration focused on the conditions required for local energy market
models — peer-to-peer trading, community self-consumption, and transactive energy — to
succeed and scale globally. Its aim was to build an authoritative, impartial evidence base for
policymakers, regulators, industry, and researchers engaged with these emerging models,
and to establish a lasting international network of expertise around them.

GO-P2P addressed a critical moment in the development of local energy markets: a period
when pilot projects were multiplying internationally but evidence on what works, under what
conditions, and at what scale remained fragmented and jurisdiction-specific. By bringing
together leading experts in power systems, market design, regulation, economics, and social
sciences from five continents, GO-P2P created the infrastructure for cross-national learning
that the field had previously lacked. Its research advanced understanding of the technical,
commercial, regulatory, social, and economic dimensions of local energy markets in parallel
recognising that no single dimension alone determines whether these models can succeed
at scale.

Within GO-P2P, five subtasks (STs) led by world-leading institutions worked to understand
the key challenges and evidence gaps surrounding five layers that need to be aligned if
these models are to become widely deployed. These are:

1. Power System Integration led by Lucerne University of Applied Sciences and Arts,
Switzerland;

2. Hardware, Software & Data led by International Energy Research Centre, Ireland;

3. Transactions & Markets jointly led by University of Colorado Denver, United States
and University of Bristol, United Kingdom;

4. Economic & Social Value jointly led by Western Sydney University, Australia and
Delft University of Technology (TU Delft);

5. Policy & Regulation jointly led by NOVA School of Law, Portugal and European
University Institute/Florence School of Regulation, Italy.

GO-P2P engaged 10 formal member countries, with participants from a further fifteen
countries contributing technical and scientific expertise:
e Australia, Belgium, Ireland, Italy, Netherlands, New Zealand, South Korea,
Switzerland, UK, and USA
e Over 200 experts from academia, industry, non-profit organisations, and government
agencies participated across the Task’s lifetime. Eight international workshops were
held in eight countries over five years, from the launch at UCL London in September
2019 through to the final conference at NOVA School of Law in Lisbon in 2024,
drawing more than 500 attendances.
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e GO-P2P produced over 50 peer-reviewed publications and conference papers,
including six sub-task systematic literature reviews published in leading journals such
as Applied Energy, Energies, and Renewable and Sustainable Energy Reviews. It
also published a policy brief for practitioners and regulators, and developed joint
initiatives with IEA 3DEN, INATBA, and UNEP, extending the Task’s influence
beyond academia into the international policy, standards, and sustainability agenda.
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Defining the Models: P2P, CSC and TE

A foundational challenge throughout the GO-P2P Task was that the terms peer-to-peer
(P2P) energy trading, community or collective self-consumption (CSC), and transactive
energy (TE) are frequently used interchangeably, yet they describe models with
meaningfully different aims, structures, and contexts of deployment. Establishing a shared
understanding of these concepts was therefore a prerequisite for the comparative research
that followed. This definitional work, involving expert group interviews with academics,
industry representatives, and regulators across 13 countries alongside a systematic review
of 133 papers (Gorbatcheva et al., 2024), identified a set of characteristics shared across all
three model types, as well as features that distinguish them from one another.

All three model types share a common set of defining characteristics. They operate as sub-
markets within or alongside traditional energy markets rather than replacing them. They all
involve some form of trading or sharing of energy using an automated approach, and they
are united by a focus on promoting and supporting local generation and consumption. They
include price negotiation mechanisms designed to reflect the specific aims of the sub-
market, whether financial benefit for participants, grid optimisation, or community
development.

The models differ primarily in their goals and the contexts in which they are deployed. Peer-
to-peer (P2P) energy trading describes direct exchange of electricity between participants
without a traditional intermediary. Its primary aim is to empower energy end-users and
provide them with economic and social incentives to engage actively in energy markets.
Participants are typically small-scale and can trade locally or across longer distances.
Transactive energy (TE) focuses on system-level benefits, using dynamic market
mechanisms to manage distributed energy resources and maintain grid reliability and
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balance, rather than passive and expensive grid reinforcements. Economic incentives for
participants are present but secondary to grid optimisation objectives. Community or
collective self-consumption (CSC) is defined in the EU’s Renewable Energy Directive as
jointly acting renewable self-consumers sharing locally generated electricity within a
confined geographic area. CSC models are typically community-owned and operated, with
the primary purpose of delivering environmental, economic, or social benefits to the
community rather than financial profit for individual participants.

In practice, real-world projects do not always fall neatly into one of these three categories,
and the boundaries between them are often blurred, reflecting the evolving and applied
nature of this field. GO-P2P has used the term Local Energy Markets (LEMs) as an
overarching term encompassing all three model types throughout its research.

Methods

Methodology Overview

To assess the feasibility and scalability of local energy markets, the Task followed a
structured approach:

GO-P2P was structured to identify the key enablers and barriers for peer-to-peer (P2P)
trading, community self-consumption (CSC), and transactive energy (TE) models. To do so,

the research followed a multi-layered methodology, integrating literature reviews, case
study analysis, stakeholder engagement, and policy evaluations.

ST0: Research design, management and analysis

ST1: Power systems integration layer

Population of cases
ST3: Transactions and markets layer assessed using QCA

ST4: Economic and social value layer \\\

ST5: Policy and regulation layer

ST2: Hardware, software and data layer “‘ \\

Outputs:
Common success factors ICA of case studies
Readiness index by country

Systematic Literature Reviews

A key component of the GO-P2P methodology involved conducting systematic literature
reviews across five primary research areas related to the subtasks: regulatory challenges
and market structures; technological advancements and cybersecurity concerns; and
socioeconomic impacts and consumer behaviour. Each subtask compiled extensive
research findings, identifying knowledge gaps and key enablers for scaling local energy
markets.
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Pilot Case Studies

The GO-P2P project assessed real-world pilot projects to gain insights into economic,
regulatory, and technical conditions affecting P2P, CSC, and TE models. The study focused
on:

Stakeholder Engagement

GO-P2P actively collaborated with key stakeholders through expert workshops and
conferences on market design and policy evolution, regulatory consultations with
policymakers to address barriers to implementation, and research partnerships with
technology providers, aggregators, and energy experts to refine models. Eight international
workshops were held across eight countries over the course of the Task.

Qualitative Comparative Analysis (QCA)

Qualitative Comparative Analysis (QCA) was applied to eleven GO-P2P case studies drawn
from ten country contexts to systematically identify the conditions necessary and sufficient
for local energy markets to deliver flexibility benefits to the electricity network. Cases were
coded using crisp-set QCA (csQCA), which represents the presence or absence of each
condition as a binary variable, enabling structured cross-case comparison. Conditions were
selected based on the GO-P2P literature reviews and a Most Similar Different Outcome /
Most Different Similar Outcome (MSDO/MDSO) analysis of the case study data.

Pilot Case Studies

GO-P2P gathered and analysed case study data from over 10 pilot projects spanning
multiple continents. These projects ranged from small technical demonstrations with a
handful of households to large-scale commercial deployments involving thousands of
participants. They were drawn from a wide range of national contexts, including Australia,
Belgium, Canada, Germany, India, Ireland, Italy, Netherlands, New Zealand, South Korea,
Switzerland, Thailand, UK, and USA, enabling cross-national comparison of the conditions
that enable or hinder LEM deployment. Eleven of the most thoroughly documented cases
were selected for the Qualitative Comparative Analysis described later in this report. This
report provides an overview of selected cases; detailed case study profiles and insights are
available at https://www.go-p2p.org/

Several cases illustrate distinct models and contexts. The SoLAR project in Allensbach,
Germany, demonstrated real-time dynamic pricing derived directly from grid state variables,
using heat pumps, EV chargers, and household appliances as ‘virtual batteries’ to integrate
renewable energy at the neighbourhood scale. The BioZon Energy Community in Zelhem,
Netherlands, is a cooperative in which 50 households invested collectively in a landfill gas
generator and receive electricity at cost price, achieving an average discount of 37%
compared to market rates over the first ten months of operation. The Kia Whitingia (‘To be
shone upon’) project in Halcombe, New Zealand, involved five Maori marae installing rooftop
solar and using a community energy retailer to supply surplus electricity to vulnerable
households at approximately 18% of the standard retail price, a powerful example of how
local energy models can address energy poverty within indigenous communities. The
Haystacks Solar Garden in New South Wales, Australia, created a cooperative model
allowing 333 members, including apartment dwellers without roof access, to purchase ‘plots’
in a 1.5 MW solar farm and receive credits on their electricity bills, demonstrating a viable
pathway for broadening participation beyond property owners. The Indian P2P Trading
Trial, run by Powerledger in collaboration with an Indian distribution company (DISCOM),

10
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involved over 1,000 participants and tested P2P trading as an alternative to net metering
and feed-in tariff schemes, with results presented directly to regulatory authorities to inform
future policy. The Canadian pilots, GridExchange and Power.House Hybrid, both led by
Alectra, highlighted the role of gamification, user engagement, and virtual power plants in
shaping participant behaviour and reducing household emissions.

Across the cases, common themes emerge: the importance of clear value propositions for
participants, the need for enabling regulation and metering infrastructure, the role of
community trust and engagement in sustaining participation, and the gap between proof-of-
concept success and scalable commercial deployment. These themes are developed further
in the Key Findings section below.

Key Findings & Lessons Learned

This section summarises key findings from the systematic literature reviews produced
across GO-P2P’s five subtasks. Each review draws on a substantial body of published
research to identify what is known, what evidence is missing, and what priorities remain for
researchers and policymakers.

Sub-Task 1: Power System Integration

Dudjak et al. (2021) conducted a comprehensive review of the integration of local energy
markets in the physical power systems layer, examining how LEMs affect distribution
network operation, planning, and control across a systematically assembled body of
international literature.

The review found that high penetrations of distributed energy resources create significant
technical challenges for distribution networks, including voltage variations, phase imbalance,
and congestion. Addressing these issues requires that physical grid constraints be built
directly into LEM market clearing mechanisms, yet only a minority of the LEM models
reviewed included such constraints comprehensively. Strong involvement of Distribution
System Operators (DSOs) was identified as essential, both in developing market models
and in day-to-day decision-making. Network tariffs reflecting real-time grid conditions
emerged as a key instrument for guiding prosumer behaviour and managing local
congestion, and grid planning approaches need to shift from deterministic peak-capacity
models towards flexibility-aware, stochastic frameworks capable of accounting for variable
DER output and active consumer participation.

The review identified a substantial gap in empirical evidence: the vast majority of the
literature concerns simulated or theoretical models rather than real-world deployments.
Future research priorities include developing market mechanisms that incorporate the full
range of physical grid constraints and quantifying the impact of LEMs on transmission
network operation more systematically.

Sub-Task 2: Hardware, Software and Data

O’Regan et al. (2021) surveyed the hardware, software and data requirements of P2P, CSC
and TE projects, drawing on a review of over 150 projects and trials from around the world.

The survey found that hardware requirements across LEMs range from simple smart meters
and passive sensors to active transactive controllers and Al-based demand response
devices. While the structural hardware requirements are broadly consistent across projects,
setup and design parameters vary significantly by context. Software is critical for system

11
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operation but largely project-specific, with little standardisation across deployments.
Blockchain and distributed ledger technologies have been widely adopted in LEM pilots,
primarily to record and certify transactions rather than to directly enable trading, and they
introduce significant challenges around privacy, scalability, and interoperability with legacy
systems. Data generated by LEMs is vast but largely unstructured, making integration and
reuse difficult, and the privacy risks associated with participants’ energy use data remain
largely unaddressed in the literature.

Key evidence gaps include the absence of standardised hardware, software and data
ontologies across LEM archetypes, and limited guidance on how solutions demonstrated in
one project context can be replicated elsewhere. The review called for the development of
recommended standards that would allow future trials to build on the foundations of previous
ones rather than starting from scratch.

Sub-Task 3: Transactions and Markets

GO-P2P’s third subtask produced two complementary systematic reviews of the market
design and business model dimensions of local energy markets.

Capper et al. (2022) reviewed 139 peer-reviewed papers on P2P, CSC and TE market
designs, using a structured data extraction framework to analyse market structure, price
formation mechanisms, value propositions, participants, scale, and operating conditions. The
review identified six archetypal market designs spanning the three LEM types, varying
primarily in their degree of centralisation and the price formation mechanisms used. Three
price formation mechanisms predominate across the literature: single auctions, double
auctions, and bilateral negotiations. P2P and CSC markets focus mainly on providing
financial incentives to market participants, while TE markets have a stronger focus on
providing grid services. Most markets are tested only with small participant numbers as
proof-of-concept simulations, and only two of the 139 papers reported on real pilot projects.
Five significant evidence gaps were identified: the lack of consideration of physical
constraints in market clearing; a limited holistic approach to market operation covering bid
creation, strategic bidding, billing and dispute resolution; the challenge of scalability and
replicability across different regulatory and social contexts; information security risks in data-
dependent systems; and the treatment of prosumer privacy.

Schwidtal et al. (2023) extended this analysis to the business model level, examining 221
actors across 135 peer-reviewed papers using the Business Model Canvas as an analytical
framework. The review identified nine macro-actor business categories operating in local
energy markets: prosumers, pure consumers, pure generators, storage operators, platform
operators, aggregators, representatives, retailers, and grid operators. Prosumers are the
most central actors across all three market types, though their relationships with other actors
differ by market model. Platform operators and aggregators play key facilitating roles in P2P
and TE markets respectively, while grid operators are particularly prominent in TE models.
Revenue streams and cost structures are rarely described in sufficient detail to assess the
financial viability of the proposed business models, and more than three quarters of
reviewed papers do not address regulatory compliance, making it difficult to assess the real-
world applicability of proposed designs. The review concluded that future research must
bridge the gap between theoretical business model proposals and empirically validated,
regulatory-compliant implementations.

12
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Sub-Task 4: Economic and Social Value

Adams et al. (2021) conducted a critical review of the social and economic value attributed
to P2P, CSC and TE models in the academic literature and in practice.

The review identified five categories of social value associated with LEM participation:
energy independence; local benefits and provenance, including employment, investment,
and retention of economic value in the local area; sharing and social relationships;
environmental responsibility; and a sense of participation and purpose. Economic value is
generated primarily through cost savings for participants purchasing energy at below-market
rates and through revenues from selling surplus generation or providing flexibility services.
Evidence for the delivery of these forms of value in practice is mixed, and social and
economic value objectives must be deliberately designed into projects rather than assumed
to emerge automatically.

The review highlighted three open challenges requiring further attention. Distributional
issues present a real risk: platforms that promise cost savings and efficiencies can replicate
or worsen existing inequalities, leaving lower-income and digitally excluded households
unable to access benefits. Value quantification remains difficult, particularly for non-market
values such as community pride or environmental awareness. Citizen engagement in the
design and governance of LEMs, beyond mere participation as consumers, is underexplored
and may be essential for models seeking to generate meaningful community value.

Sub-Task 5: Policy and Regulation

De Almeida et al. (2021) analysed the legal and regulatory landscape for P2P trading and
energy communities, reviewing published literature across multiple fields of law through the
lens of EU and national legislation.

The review found that P2P trading and energy communities sit in tension with existing legal
frameworks across multiple areas: energy regulation, consumer law, contract law, tort law,
property law, competition law, and data law. The EU Clean Energy Package (2019)
represented a significant step forward by introducing the concepts of self-consumers,
collective self-consumption, and citizen energy communities into EU law. However,
implementation has left many questions unresolved. National divergence in transposing EU
directives creates uncertainty, and several critical areas of law remain largely untouched.
Digital platforms operating in energy markets face unclear regulatory obligations. Consumer
protection frameworks designed for traditional supplier-consumer relationships do not fit the
peer-based structures of LEMs. DSO unbundling rules may restrict the active involvement of
grid operators in market facilitation. Many questions that must be answered before P2P
trading and energy communities can operate commercially at scale remain unresolved,
creating legal uncertainty that may deter investment in the sector.

The review identified the regulation of digital platforms in an energy context, cross-border
market frameworks, and prosumer liability as priority areas for future legal research.
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Qualitative Comparative Analysis

In this analysis, crisp-set Qualitative Comparative Analysis (csQCA) was used to explore the
components of LEMs which benefit the local electricity network. Specifically, the provisioning
of flexibility through an LEM, defined as changes in end-user energy usage (such as load
shifting or peak load reduction) which benefit the local electricity grid. Eleven cases from ten
different country contexts were analyzed.

QCA blends qualitative and quantitative techniques to explore causal relationships across
case studies. In csQCA, conditions are made into binary variables (presence or absence).
The conditions considered were selected based on past GO-P2P research and using the
Most Similar Different Outcome (MSDO) and Most Different Similar Outcome (MDSO)
methodologies.

e |

O
D
7]
o

1 SoLAR Allensbach, Germany

2 Kia Whitingia - ‘To be shone upon’ Halcombe, New Zealand
3 Monash Microgrid Melbourne, Australia

4 Cornwall Local Energy Market Cornwall, England

5 Ecogrid 2.0 Bornholm, Denmark

6 BioZon Energy Community Zelhem, Netherlands

7 Powerledger Chang Mai University P2P Trading Trial | Chiang Mai, Thailand

8 Powerledger Indian Case Study P2P Trading Trial Calcutta, India

9 Powerledger Bangkok T77 P2P Trading Trial Bangkok, Thailand

10 Brooklyn Microgrid Brooklyn, USA

11 Quartierstrom Walenstadt, Switzerland

Nineteen candidate flexibility conditions were reduced to five for the QCA, selected
through the MSDO-MDSO analysis and literature review:
1. Presence of flexibility-enabling assets (e.g., demand response technologies,
batteries).

2. Time-reflective pricing (e.g., Time-of-Use tariffs).

3. Auction-based pricing mechanisms.

4. Aggregation for participation in a larger market.

5. Forward-looking capability (e.g., forecasting or futures markets).
Findings

Two conditions were found to be necessary for flexibility provisioning in LEMs: flexibility-
enabling assets and forward-looking capability. Flexibility-enabling assets are defined as
demand-response technologies or battery energy storage systems (BESS) that allow
automated control of load profiles, meaning they go beyond simple manually shifted loads.
Forward-looking capability refers to the presence of forecasting in the market design, or the
use of a futures market, enabling the LEM to anticipate and coordinate future energy supply
and demand. Both conditions were present in every case in which flexibility was provided,
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and absent (in isolation or together) in every case where it was not, confirming that each is
conjunctively necessary. This aligns with the broader literature linking controllable loads and
demand forecasting to the reliability of flexibility services in distributed energy systems.

In addition to these two necessary conditions, two possible pathways (or combinations of
conditions) sufficient for flexibility provisioning were identified:

Pathway 1

Pathway 2

Flexibility-enabling assets.

Flexibility-enabling assets.

Time-reflective pricing.

Auction-based pricing.

Forward-looking capability.

Aggregation for larger market participation.

Forward-looking capability.

Note: Necessary conditions are in bold above. Both pathways provide sufficient conditions
for provision of flexibility.

Both pathways include flexibility-enabling assets and forward-looking capability, suggesting
that different market structures can enable flexibility services if these two conditions are met.

Pathway 1

Technological
enabler

C1: Load shifting
capability through
demand response
asset or battery

storage

Pathway 2

Technological
enabler

C1: Load shifting
capability through
demand response
asset or battery

Economic Coordination Forward-looking
incentive capability
ﬁ
C2: Dynamic tariff
reflecting grid state or
balancing conditions
\ v m..h.ggrgga!or CS: Futures market
participating in a - d
~ - larger flexibility R genefr:tlon ar
f hY
Tt demand forecasting
C3: Auction-based
pricing mechanism

Y e

Flexibility provision

Economic Coordination Forward-looking
incentive capability
—

C2: Dynamic tariff
reflecting grid state or
balancing conditions

-

C4: Aggregator

A C5: Futures market
participating in a

OR generation and

storage

larger flexibility

et demand forecasting

C3: Auction-based
pricing mechanism

O\

Flexibility provision
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Both pathways share the two necessary conditions, flexibility-enabling assets and forward-
looking capability, but differ in how economic value is realised and how flexibility is
communicated to the market. The first pathway, observed in the SoLAR project (Germany),
Kia Whitingia (New Zealand), and Monash Microgrid (Australia), operates through a time-of-
use (TOU) tariff that directly incentivises load shifting without requiring an auction
mechanism or aggregation for participation in a larger market. The second pathway,
exemplified by the Cornwall Local Energy Market (UK), Monash Microgrid', and EcoGrid 2.0
(Denmark), uses auction-based pricing in combination with aggregation, enabling capacity to
be consolidated and offered to wider energy markets. Both pathways demonstrate that
flexible market structures are viable pathways to flexibility; the critical common requirement
is the presence of the two necessary conditions rather than any particular commercial
model.

Policy Implications

As LEMs and related legislation continue to expand globally, these findings carry direct
policy relevance. The identification of flexibility-enabling assets and forward-looking
capability as necessary conditions suggests that policy support targeting these two features,
rather than any particular market structure, is most likely to unlock flexibility provision from
LEMs.

Concretely, this points to two policy instruments. First, subsidising the installation of
flexibility-enabling assets, particularly batteries with communication and automated control
mechanisms, when they are installed alongside generation DERSs, to offset their high capital
costs. Without automated load control, the financial incentives from price signals alone are
often insufficient to drive meaningful participant behaviour change. Second, increasing LEM
access to capacity markets in the wider energy system, while maintaining penalties for non-
delivery, would incentivise local market operators to incorporate forecasting and forward-
looking mechanisms into their designs. Together these interventions address both sides of
the conjunctive necessity: the physical assets required for reliable flexibility, and the market
design features that ensure that flexibility can be planned and delivered.

Limitations of this Analysis

Several limitations of this analysis should be acknowledged. Case study data were largely
self-reported by project leaders, which may have introduced bias or inconsistency and
limited the depth of case knowledge available for dichotomisation. Flexibility outcomes were
classified as reported; cases in which flexibility was provisioned but not explicitly discussed
in project documentation may therefore have been misclassified. The analysis is also limited
by its small sample size: with only eleven cases, findings are based on a relatively restricted
empirical base, and the generalisability of results would be strengthened by additional
cases, particularly from Africa and South America, which are not currently represented.
Future iterations should include additional cases, consider conditions that may inhibit rather
than enable flexibility, and explore outcomes beyond flexibility provisioning, such as
economic value generation, social inclusion, or environmental impact, to provide a more
complete comparative picture of LEM performance.

" Note: Monash Microgrid employed both time of use tariffs and auction based pricing. 16
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Conclusions

GO-P2P ran for five and a half years, from September 2019 to February 2025, under the
auspices of the IEA’s UsersTCP programme. It brought together over 200 researchers,
practitioners, policymakers, and regulators from 25 countries, produced more than 50 peer-
reviewed publications and conference papers, and contributed an authoritative, cross-
disciplinary evidence base on the conditions under which peer-to-peer energy trading,
community self-consumption, and transactive energy models can be successfully deployed
and scaled.

The Task’s central finding is that Local Energy Markets can deliver real benefits for
distribution networks, energy communities, and individual participants, but that doing so
reliably at scale remains a significant challenge. No single LEM archetype has yet emerged
that performs well across a broad range of national contexts. Instead, the evidence points to
the importance of contextual alignment: the design of a local energy market must be shaped
by the specific regulatory environment, physical network conditions, social structures, and
policy objectives of the place in which it operates.

Five years of evidence also make clear that the field has moved on from its early ambitions.
The original vision of pure bilateral peer-to-peer exchange, using distributed ledgers and
enabling energy gifting between neighbours, has largely given way to platform-mediated,
anonymised price-based trading. The technologies and market designs that support this
model are increasingly well understood. What lags behind is the regulatory and policy
environment: most jurisdictions still lack the legal recognition of prosumers and community
energy groups, the flexibility in supply licensing, the dynamic tariff structures, and the data
governance frameworks that would allow these models to operate commercially at scale.

The Qualitative Comparative Analysis conducted under GO-P2P identified a critical finding
for those designing LEMs with network benefits in mind: the combination of flexibility-
enabling assets and forward-looking capability is necessary for any LEM to provide grid
flexibility services. This is a practical and actionable result, suggesting that policy support for
battery storage, smart control systems, and forecasting capacity is not merely desirable but
a prerequisite for LEMs to contribute to grid management.

The case studies documented by GO-P2P demonstrate the breadth of what is possible: from
indigenous community energy projects in New Zealand addressing energy poverty, to large-
scale P2P trials in India with over 1,000 participants exploring alternatives to net metering, to
cooperative models in the Netherlands delivering 37% cost savings, to neighbourhood-scale
TE demonstrations in Germany using real-time grid state pricing. The diversity of these
examples is itself a finding: local energy markets are not a single solution but a family of
approaches, each suited to particular contexts, and each offering particular combinations of
individual, community, and system benefit.

Looking ahead, the five research priorities identified by GO-P2P, namely reforming price
signals, integrating LEMs into grid infrastructure, constructing trusted value propositions,
balancing system complexity with cost optimisation, and maximising resilience, represent a
substantive agenda for the research community and for policymakers. The work of GO-P2P
has laid important groundwork, but the transition from pilot to policy-enabled deployment at
scale will require sustained international collaboration, continued sharing of evidence from
real-world implementations, and a willingness on the part of regulators to adapt frameworks
built for a different energy world to the requirements of the one now taking shape.
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