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PEAK — WP3 Business models

Within the scope of the PEAK project Work Package 3 (WP3), the aim was to develop carbon-neutral
energy system business models that can be successfully implemented in the Ostrobothnia region in
Finland. To support this objective, a literature review was conducted to systematically synthesize
existing knowledge on international, experience-based business models relevant to regional carbon-

neutral energy systems.

As energy systems become more interconnected and technology-driven, there is a growing need for
innovative, sustainable business models that translate climate objectives into practical, socio-eco-
nomic solutions. These models are shaped by the three key drivers of transformation: decarboniza-
tion, decentralization, and digitalization, which together redefine how value is created, delivered,

and captured in modern energy systems.

The study investigates and develops business models by analyzing the roles of key actors such as
prosumers, energy communities, and system operators, while identifying regulatory, market, and
technical barriers. It highlights that business models in energy systems act as a critical link between
emerging technologies and their commercialization, requiring stakeholders to rethink traditional

business and operational logic.

The findings categorize energy system business models into key archetypes, including community-
based models, flexibility and aggregation models, energy-as-a-service models, and digital platform-
driven models. These models vary in their mechanisms of value creation but are strongly influenced

by regulatory frameworks and policy incentives.

Overall, the study concludes that transitioning to carbon-neutral energy systems requires a combi-
nation of innovative business models, supportive regulatory conditions, and collaboration among
stakeholders, with a stepwise development approach to ensure feasibility and scalability in regional

contexts.
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BM Business Model
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Within the scope of the PEAK project Work Package 3 (WP3), the aim was to develop carbon-neutral
energy system business models that can be successfully implemented in the Ostrobothnia region.
To support this Objective, WP3 conducted a literature review to understand better and systemati-
cally synthesize existing knowledge on international, experience-based business models relevant to
the regional carbon-neutral energy systems. This review examined the evolution of key research
themes in this field. This review also helped to identify and analyze relevant case studies and provide
concrete suggestions for future business model development. This review was based exclusively on
peer-reviewed literature indexed in a highly used academic database (SCOPUS) to ensure academic

reliability.

The increasing concern about global climate change has accelerated a major shift in energy policy
and development strategies worldwide. This transition has been strongly shaped by the Paris Agree-
ment! adopted in 2016, under the United Nations Framework Convention on Climate Change? (UN-
FCCC), which aims to limit global warming to well below 2 °C and to pursue efforts to limititto 1.5 °C3.
This ambitious global objective has initiated a worldwide commitment among diverse entities, in-
cluding nations, local governments, corporations, and financial institutions, to promote carbon neu-

trality and net-zero emissions.

However, the transition towards carbon-neutral energy systems is a complex and complicated pro-
cess. This requires fundamental changes in all sectors, including energy, transport, industry, and ag-
riculture/forestry/waste. This transition demands a joint push to adopt low-carbon technologies.

This transition also requires introducing sustainable practices and essential changes to current

1 Paris Agreement 2016- United Nations Framework Convention on Climate Change (UNFCCC)

2 United Nations Framework Convention on Climate Change

3 Ipcc special report on the impacts of global warming
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production and consumption patterns. These measures are not only aimed at adapting to climate
change but also at preventing environmental disasters. In addition to preventing catastrophes, these

changes also offer significant benefits.

The Paris Agreement 2016 has also identified the action plan framework for achieving global climate
targets worldwide. This framework can easily be implemented at different national, local, corporate,
and even individual levels. Achieving carbon neutrality requires adopting advanced technologies and
changing operational and market structures. As systems become more interconnected and technol-
ogy-driven, there is a growing need for innovative, sustainable business models that translate cli-

mate objectives into practical socio-economic solutions.

In response to these global policy commitments and sector-wide transformations, there is a need
for significant changes in the energy sector. These changes are mostly driven by the rapid integration
of non-fossil fuel resources and the need for transition from centralized, commodity-based energy
systems toward decentralized, service-oriented, and sustainable models (Gitelman and Kozhevnikov,
2023). In this context, more innovative business models are required to support the integration of
distributed energy Resources (DERs), e.g., Electric Vehicles (EVs), Battery Energy Storage Systems
(BESS), and Demand Response (DR) into existing markets and regulatory frameworks (S. Burger et

al., 2017). The transformation is commonly understood through the framework of the three D’s

e Decarbonization
e Decentralization

e Digitalization

Decarbonization refers to replacing fossil-based systems with low and zero-carbon alternatives. De-
centralization describes the shift from centralized generation toward distributed and coordinated
energy resources. While Digitalization facilitates this by providing data-driven control, automation,
optimization, and new platform-based value creation mechanisms. Together, these three drivers are

reshaping how value is created, delivered, and captured in modern energy systems.

Co-funded by
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WP3 focuses on investigating, analyzing, and developing realistic business models for regional en-
ergy systems. Business models should be developed to facilitate a shift to a carbon-neutral energy
system. The study focuses on determining the positions of various actors within the energy system.
These actors include prosumers, energy communities, DSOs, and other market players. The objec-
tive of WP3 is to analyze how they create, deliver, and capture value. This objective is especially
important against the backdrop of the development of flexibility, decentralized energy production,

and innovative services.

Furthermore, WP3 aims to identify critical bottlenecks in implementing the business models. Such
bottlenecks include regulatory and market barriers, as well as constraints on resource availability
and skills. Identifying such bottlenecks is necessary to ensure the feasibility of the proposed business
models.WP3 builds on the techno-economic results of WP1. It also builds on insights from stake-
holders and the community in WP2. By combining these inputs, WP3 links technical feasibility with

stakeholder needs and market implementation.

WP3 is structured into four main tasks. Each task supports the development and validation of busi-

ness models.

e Task 3.1: Background Study
This task includes a literature review. It focuses on international business models. The aim is to iden-

tify models suitable for regional and carbon-neutral energy systems.

e Task 3.2: Sketching of Business Models
Initial business models are developed. These are based on results from Task 3.1, WP1, and WP2. The
models are presented to stakeholders in a workshop. Stakeholders discuss and evaluate the models.

The most relevant models are selected for further development.

Co-funded by
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e Task 3.3: Legal Framework Analysis
This task examines regulatory conditions. It includes interviews with key actors such as policymakers
and system operators. The shortlisted business models are presented to the interviewees. The aim

is to identify legal barriers and opportunities for implementation.

e Task 3.4: Business Model Development
Selected models are further developed. This is done in collaboration with stakeholders through
workshops. The models are refined and strengthened. The task also identifies challenges, bottle-

necks, and resource and skills gaps.
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Business models in the energy systems act as the critical link between emergent energy technologies
and their commercialization in the marketplace. They define how value is proposed, created, deliv-
ered, and captured. As energy systems become increasingly decentralized and flexible, they require
the energy sector stakeholders to fundamentally reimagine their business and operational logic

(Woijtaszek, 2025).

Reviewing the extensive literature available in the academic database shows that the field of energy
business models is very broad, complex, and diversified. Existing studies identify a wide range of
archetypes, e.g., flexibility and aggregation, community and prosumer empowerment, utility evolu-
tion, energy-as-a-service (EaaS), the circular economy, and data-powered digital platforms. Catego-
rizing this literature helped to reveal the dominant business model archetypes shaping the future of

the energy sector.

Several studies illustrate the diversity of existing classification approaches. Burger (2017) identifies
144 business model archetypes for distributed energy resources (DERs). Brzdska (2022) presents the
conceptual structures and antecedents necessary for creating renewable energy models. Similarly,
Rieksta (2021) maps 37 business models for different technologies and energy sectors to create sim-
ulations of how these would affect the dynamics of the clean energy transition through complex

system dynamics modeling.

This transition is even more complex when examined from a global socio-economic perspective. In
the comprehensive analysis of renewable energy business models worldwide, Engelken (2016) high-
lights how industrialized nations place significant emphasis on climate change mitigation and effi-
ciency, while developing nations focus more on microfinance and basic energy needs. This states
that most DER business models are often driven by policy factors rather than technological factors

(S. P. Burger and Luke, 2017).
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To provide an overview of the literature on diversified energy system business models, the selected
sample was mapped using VOSviewer software. Below is the illustration of the mapped visualization.
As clearly seen in Figure 1, the business model is the central node linking multiple thematic domains

within the field.
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Figure 1: Energy system Business Models literature Mapping

This bibliometric map shows clusters, which represent closely related keywords or research topics
that frequently appear together in the scientific literature. Each colour signifies a distinct thematic
cluster in the visualisation. The red cluster (the core Hub) indicates the central node for business
models, which is heavily connected to structural and regulatory concepts such as energy policy, en-
ergy markets, energy transitions and power markets. The green cluster (solar and investment) fo-
cuses on solar energy and solar power, and is also closely tied to finance and local implementation,
including investments, community energy and business ecosystems. The blue cluster (EV infrastruc-

ture) is driven by electric vehicles, including charging infrastructure, vehicle-to-grid, and
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optimisation. It also shows that EV research is heavily focused on grid integration rather than solely
on vehicle technology. The yellow cluster (innovation and sustainability) is driven by business model
innovation and sustainability. This cluster represents the forward-looking aspect of the map while
connecting it to broader environmental goals, such as emission control, decarbonisation and climate
change. The purple (strange and circular) cluster represents a highly specialised subgroup that links
physical technologies, such as lithium-based battery energy storage systems, directly to life cycle
concepts, including the circular economy, circular business models, and life cycle-driven approaches,
driven by business model innovation. Ultimately, this visualization illustrates how foundational lit-
erature on business models serves as a central link connecting new technological applications to

future sustainability goals.

The literature on energy system business models identified a wide range of categories and arche-
types, including Flexibility, Demand response, Distributed Generation, Aggregation, Local Energy
Communities, Energy-as-a-Service (EaaS), Smart Energy Management (loT/Al), and Distributed En-
ergy Systems. Building on the key differences in value-creation logic, actor configurations, and
enabling technologies identified in the literature. This Study clusters energy system business model
archetypes into four domains: (1) Community- and prosumer-centric models, (2) Flexibility & aggre-
gation models, (3) Energy-as-a-service models, (4) Digital platform & data-driven business models.

These domains are not independent but rather analytical categories representing how value is typi-
cally created and delivered in modern energy systems. Many business models extend multiple do-

mains due to the intersecting nature of technology, actors, and market mechanisms.

One of the most prominent fields in modern energy business model innovation is community em-
powerment, which enables the transition from passive consumers to active prosumers. These mod-
els emphasize decentralized ownership, local value creation, and participatory governance struc-

tures.

Co-funded by
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The increased formalization of Renewable Energy Communities (RECs) and Citizen Energy Commu-
nities (CECs) through specific policies enforced by the European Union has contributed to a signifi-
cant systemic transition towards energy self-sufficiency as well as local energy independence. Barab-
ino (2023) highlights the significance of community models in coordinating decentralized generation
and local consumption, which are essential for accelerating the energy transition. Similarly, Lépez
(2024) state that new EU legal frameworks have granted the legal right to end-users to inde-

pendently consume, share, store, or sell their generated energy.

To fully explore the structural mechanism of this emerging field, Reis (2021) offer a comprehensive
overview of EC business model archetypes and explain why value propositions based on community-
driven differ from traditional utility models. Building on this, Kubli and Puranik (2023) introduce a
highly detailed "morphological box*" with 25 precise business model design options. These options
enable communities to customize an operational framework for their distributed energy resources

to suit their local socio-economic settings.

Functionally, these models enable self-consumption at scale. When integrated with "prosumagers>"
(prosumers equipped with battery storage), collective operation can help to manage grid technical
constraints and lower individual electricity costs (lazzolino et al., 2022). However, ECs move beyond
just economic indicators and create a broader form of value. Barnes (2024) emphasizes that value
creation avenues in ECs are inherently linked to principles of energy justice, social cohesion, and the
democratization of local infrastructure. As hybrid entities, ECs must balance profit-oriented activities
with social and environmental objectives. To support this, Kahla (2017) calls for the adoption of stra-
tegic management tools, such as the Balanced Scorecard, to assess and maintain hybrid business

models in citizen renewable energy companies.

oy morphological box is a structured brainstorming tool used to generate innovative solutions for complex, multi-dimensional problems by breaking
them down into key parameters and mapping all possible variations

5 prosumers equipped with battery storage
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The technical design and governance of RECs also have an impactful role in determining their eco-
nomic viability and internal stability. Cielo (2021) explains that optimal implementation of an EC
requires multi-objective optimization methods that can size active assets accurately, specifically so-
lar PV and battery storage systems (BESS), to maximize community self-sufficiency. Apart from op-
erational considerations, there should be a mechanism to make everything fair. Fioriti (2021) high-
lights the importance of equitable revenue-sharing mechanisms and clearly defined exit clauses to
ensure long-term stability. At the same time, it prevents the "agency problem®" that arises when the

aggregator or Energy Service Company (ESCO) manages all community assets.

Energy Communities are commonly built based on ownership cooperation and collective self-con-
sumption. However, other prosumer-centered archetypes are emerging in energy systems, com-
monly known as Local Energy Markets (LEMs) and Peer-to-Peer (P2P) trading. These mechanisms
represent a fundamental shift away from conventional vertically integrated electricity markets by
disintermediating the traditional utility-consumer relationship. In such systems, prosumers are no
longer limited to exporting excess energy and flexibility services back to the distribution grid but can

instead trade with one another.

Comprehensive systematic reviews by Chen and Zhao (2022) and Schwidtal (2023) identify P2P trad-
ing and energy sharing models as being the most important drivers of energy democratization. These
models generate values by mitigating curtailment of variable renewable generation and reducing
the need for capital-intensive grid reinforcements by improving overall system efficiency. Similarly,
Facchinetti (2016) conceptualizes LEM business model patterns to explain how localized optimiza-
tion can maximize independence over energy constraints while providing necessary financial incen-

tives to prosumers who wish to disassociate themselves from conventional retail structures.

Building on these conceptual frameworks, scholars have employed simulation methods to assess the

economic feasibility of decentralized markets. For example, Lovati (2020) used agent-based

6 The agency problem is a conflict of interest arising when an agent (e.g., manager) acts on behalf of a principal (e.g., shareholder), but prioritizes
personal gain over the principal's interests.
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modeling to simulate the complex financial and energy flows in P2P networks. The findings suggest
that local trading increases PV self-consumption and reduces dependence on external subsidies,
which ultimately provides more favorable electricity prices for individual building owners. Expanding
upon the trading of energy, Bara and Oprea (2025) introduce bottom-up business models that di-
rectly address Local Flexibility Markets (LFMs). Within these configurations, aggregators operate as
intermediaries in the LEM by scheduling decentralized devices, such as smart appliances and electric
vehicles, to reduce procurement costs for retailers while directly compensating prosumers who shift
their consumption away from peak demand periods. Despite the techno-economic advantage of
P2Ptrading, implementations of these open models face substantial structural hurdles (Montakhabi

et al., 2022).

Although community cooperatives and local energy markets describe some of the most integrated
forms of prosumerism’, Distributed Photovoltaic (DPV) commercialization formed the largest global
driver of decentralized generation to date. The literature suggests that the diffusion of DPV is driven
less by incremental technological innovation. Instead, it relies more on effective technology transfer
and large-scale market disruption. This is especially important for overcoming high upfront capital
costs and complex regulatory environments. Firms have successfully adapted the existing regulatory
framework to create mainstream conditions for solar adoption through the pioneering Third-Party
Ownership (TPO) and solar leasing models (Huijben et al., 2016). Under these arrangements, a com-
mercial company installs, owns, and operates the PV system on the host's site, selling electricity or
leasing back equipment from the consumer. This model literally removes the capex barrier. Accord-
ing to a literature review by Ahlgren Ode and Lagerstedt Wadin (2019), this mechanism has strong
geographic portability as evidenced by the successful deployment of United States TPOs models into
European Markets. Similarly, customized Power Purchase Agreements (PPAs) and leasing models
have driven rapid scale-up in Thailand (Tongsopit et al., 2016) and demonstrated high economic via-

bility in Brazil (Faria et al., 2024).

7 Prosumerism is the social and economic concept where individuals simultaneously act as producers and consumers, actively participating in the
creation and use of goods, services, or energy.
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TPO and shared solar business models are increasingly utilized not only for market expansion but
also as a tool for advancing socio-economic equity. O’Shaughnessy (2020) shows that community
solar finance, specifically third-party ownership (TPO) models, greatly enhances income equity in
solar adoption by allowing low to moderate-income households to access clean energy without the
upfront capital or prime credit scores. In addition, Pitt and Nolden (2020) explain that post-subsidy
PV business models such as localized energy distribution schemes are intentionally designed for the
purpose of addressing fuel poverty in multi-occupancy social housing. Another important dimension
of shared solar systems lies in their organizational structure. Funkhouser (2015) provides an opera-
tional distinction between utility-sponsored community solar and Special Purpose Entities® (SPEs).
They also define both structures as types of community-based solar systems that expand access to

solar energy for renters and property owners with unsuitable rooftops.

However, the broader policy environment is evolving. Governments are gradually phasing out at-
tractive Feed-in Tariffs (FiTs), which is placing pressure on the financial advantage of PV business
models. Karneyeva and Wistenhagen (2017) examine post-grid parity environments and find that
the removal of subsidies shifts most of the investment risk onto the prosumer, thus requiring self-
sustainable, market-based business models. Similarly, in the United Kingdom (UK), Brown (2019)
observes that prosumers are now increasingly dependent on stacked value propositions based on

smart meters, batteries, and EV integration to achieve economic viability in the post-PV subsidy era.

Flexibility and aggregation models combine distributed energy resources, such as solar panels, bat-
teries, and flexible loads, into a single entity that can respond in real time to the grid's needs. By
pooling these assets, such models contribute to power system stability, enhance the balance be-

tween supply and demand, and improve overall efficiency in dispatch and system management.

8 A Special Purpose Entity (SPE) is a legally separate company created to achieve a specific, narrow objective while isolating financial and legal risks
from its parent company.
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The increasing penetration of variable renewable energy is accelerating the development of aggre-
gator business models that rely heavily on demand-side flexibility to maintain grid stability. Aggre-
gators play a fundamental role as intermediaries connecting multiple small-scale distributed assets
to wholesale electricity markets. Lu (2020) outlines the operational principles of these DR resource
aggregators, demonstrating how they aggregate the flexibility of diverse consumers to provide bal-
ancing, capacity, and ancillary services. A prominent application of this concept is the aggregation
of distributed loads into Virtual Power Plants (VPPs), where commercial and residential assets are
pooled to function as a single coordinated entity (Ma et al., 2017). Similarly, Sisinni (2017) explains
that these models can be scaled spatially and temporally, e.g., by aggregating entire blocks of build-

ings to access a significant amount of demand flexibility that was previously inaccessible.

These models have very different structural implementations depending on the regulatory environ-
ment. Burger and Luke (2017) identify distinct aggregator model archetypes, including independent
market-based models that participate directly in wholesale markets and utility-based models that
enable secure capacity for regulated entities. Across both archetypes, aggregators play an important
role in integrating variable renewable power by deploying demand response (DR) contracts to over-

come the uncertainty associated with wind and solar generation(Campaigne and Oren, 2016).

The economic feasibility of these aggregators and flexibility models depends on the interaction be-
tween advanced market mechanisms and well-defined business strategies. Value is primarily captu-
red in these models through demand shifting in liberalized markets (Gordijn and Akkermans, 2007).
However, in practice, aggregators often rely on timing-based strategies. Specialized timing-based
business models are implemented to capture economic value, shifting consumption away from peak
price periods toward times of abundant and lower-cost supply (Helms et al., 2016). To support the
monetization of these complex value streams, Hamwi (2021) introduces the Demand Response Bu-
siness Model Canvas, a strategic tool designed to map the multi-sided relationships required for

effective flexibility provision.
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EV penetration in the transport sector has unlocked a new era of flexible business models that view
Electric Vehicles not just as forms of transportation but as coordinated mobile battery storage units.
Sovacool (2020) highlights the need for diverse stakeholders and complex innovation ecosystems to
enable the commercialization of Vehicle-to-Grid (V2G) systems, emphasizing their transformative
potential for grid management. At the heart of this transformation is the evolving role of Charge
Point Operators (CPOs). Goncearuc (2022) explains how V2G technology enables flexible CPOs
(charge point operators) to transition from passive infrastructure providers to active flexibility ag-
gregators. These CPOs can extract high value from ancillary service markets by enabling bidirectional
energy flows, especially through the provision of Frequency Containment Reserves for grid fre-
guency stabilization (Goncearuc et al., 2023). However, advanced operational architecture is re-
quired to monetize these mobile assets. At the same time, a strong, smart charging framework is
required to address the technical limitations of EV batteries (Afentoulis et al., 2022) while data-
driven competitive bidding strategies are needed to enable EV aggregators to participate in day-

ahead and real-time electricity markets (Chen et al., 2019).

The scalability and economic feasibility of these V2G models are highly dependent on pricing struc-
tures and geographic configurations. For example, commercial parking garages in dense urban areas
are highly attractive aggregation points for V2G aggregators to pool significant amounts of energy
from battery storage, as vehicles are often idle during peak working hours (Brandt et al., 2017). De-
spite these promising use cases, the profit margins for bidirectional charging models, including Ve-
hicle-to-Home (V2H), Vehicle-to-Building (V2B), and V2G (collectively V2X), remain highly vulnerable
to regulatory volatility and battery degradation costs (Dossow and Kern, 2022). Alternative owner-
ship and operational structures have been explored to mitigate some of these capital and opera-
tional risks. Christensen (2012) examines the EV battery brokerage model (famously pioneered by
Better Place®), which sought to disassociate battery ownership from vehicle ownership, enabling grid

integration through battery swapping tactics. Although this model was not a commercial success, it

9 Better Place was a venture-backed international company that developed and sold battery charging and battery switching services for electric cars.
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highlighted the continued need for business model innovation to unlock the grid-balancing potential

of electric mobility fully.

Despite significant technological advancements, the rapid deployment of Battery Energy Storage
Systems (BESS) remains limited by high upfront capital costs. To achieve economic viability in this
domain, Hamelink and Opdenakker (2019) emphasize business model innovation as one of the most
important drivers of a company's performance in the energy storage sector. One key way to address
these financial barriers is revenue stacking, in which storage operators create business models that
can offer more than one grid service, like frequency regulation, peak shaving (reducing demand at

peak times), and energy arbitrage from a single asset (Mir Mohammadi Kooshknow and Davis, 2018).

In Addition, Lombardi and Schwabe (2017) suggest considering sharing economy principles regard-
ing BESS in order to improve the optimization of an asset dimensioning and profitability. This concept
enables shared configurations in which centralized, utility-scale storage is partitioned into "virtual
blocks" that can be leased to multiple decentralized prosumers/communities. Such arrangements
reduce the need for costly behind-the-meter investments while improving asset utilization (Ben-Idris
et al., 2021). The adaptation of these commercialization models is particularly important in devel-
oping markets, where storage plays an important role in balancing the rapid and variable expansion

of solar and wind generation (Paul et al., 2021).

Beyond generic grid support, more specialized business models are emerging to facilitate the man-
agement of complex energy-intensive clusters and decentralized networks (Hargroves et al., 2023).
For example, Shared Energy Storage (SES) models are optimized for Data Center Clusters where they
address sophisticated trade-offs between energy arbitrage opportunities and battery degradation

costs (Bian et al., 2024; Han et al., 2023).

The classic utility business model, based on the volumetric sale of electricity by the kWh, becomes

increasingly incompatible with decentralized, highly flexible energy systems. At the same time, a
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broader structural change is occurring in industry driven by servitization. In this emerging field, en-
ergy suppliers no longer derive value only from delivering standardized energy inputs, but increas-

ingly from guaranteeing performance-based outcomes related to energy services and mobility.

This shift towards Energy-as-a-Service fundamentally reshapes the economic incentives for both po-
wer providers and consumers. Iria and Soares (2023) argue that traditional volumetric tariffs fail to
provide the necessary compensation to prosumers for the flexibility they offer. They proposed an
enhanced EaaS model in which aggregators offer prosumers free electricity in exchange for the right
to centrally operate and access their existing distributed flexibility assets across multiple markets.

This approach reflects a broader transition toward service-based value capture.

From a financial perspective, such models are increasingly attractive. Loock (2012) notes that the
financial investor tends to favor more service-driven renewable business models than pure technol-
ogy-driven or price-oriented models. Service-driven renewable business models have potential for

more stable and diversified revenue streams.

At the operational level, this servitization is heavily driven by Energy Service Companies (ESCOs),
which are continuously adapting to facilitate comprehensive low-emission transitions for large con-
sumers (Sutek and Borowski, 2024). For example, Bolton and Hannon (2016) highlight how local mu-

nicipal authorities can act as ESCOs to deploy sustainable district heating infrastructure.

In parallel, researchers also emphasize the importance of synthesized multi-commodity ecosystems
integrating electricity, heating, and cooling (D’Souza et al., 2018). Advanced technological applica-
tions of this multi-vector servitization include the combined offer of solar photovoltaics with heating,
cooling, and flexibility into Integrated Energy Services (Yu et al., 2022), commercialization of solar
thermal HVAC-as-a-Service (Kalair et al., 2021), as well as techno-economic optimization of energy

management contracts for solar-heat pump water heaters (Li et al., 2022).
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The electrification of the transport sector has given rise to a new category of Energy-as-a-Service
(EaaS) focusing on smart, outcome-oriented mobility solutions. Anthony (2023) and Anthony (2021)
state this concept within the context of smart, where data-enabled digital systems facilitate Electric
Mobility-as-a-Service (eMaa$). In such ecosystems, dispersed charging infrastructure is transformed
into integrated, value-added smart grid services. To ensure the long-term commercial viability,
Sabyasachi (2024) proposes a generic business model framework that integrates Charge Point Oper-

ators (CPOs) and e-mobility Services Providers (EMSPs) within an integrated charging ecosystem.

In parallel, Specialized mobility models are emerging to fill gaps in physical infrastructure. This range
from decentralized, solar power-based EV charging stations developed specifically to bypass grid
constraints (Robinson et al., 2014) to advanced optimization models for leasing truck-mounted mo-
bile charging stations, which utilize energy arbitrage during idle periods to maximize operator prof-

itability (He et al., 2025).

The eMaaS archetype also generates value beyond private vehicle ownership, through shared and
autonomous architectures. For example, the introduction of EV carsharing and car clubs (Nieu-
wenhuis, 2018), autonomous shuttle mobility services (Kim and Yang, 2021), and the considerable
business model innovations faced by Logistics Service Providers shifting towards electrified road

freight transport on battery-electric vehicles (Gillstrom et al., 2024).

The growing decentralization of the energy grid demands an optimized level of data processing and
orchestration, which makes digital platforms and technology-enabled models the central players for
modern energy business models. This archetype supports the development of a mature smart grid,
which enables new monetization opportunities by transforming passive consumers into data-ena-
bled prosumers (Rodrigues et al., 2025). This digital transformation is largely driven by the Internet
of Things (loT). For Example, Paukstadt and Becke (2021) conceptualize core loT technologies like
sensors and data analytics as foundational enablers for developing smart energy business models.
Similarly, Chasin (2020) classifies eight unique smart-energy Internet-of-Things (loT) archetypes.
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With these loT architectures in practice, Distributed Energy loT frameworks can be deployed that

allow the aggregation and management of real-time virtual prosumer networks (Park et al., 2021).

Advanced analytics further reduce transaction costs, enabling personalized, data-driven domestic
energy services (Aranda et al., 2023). At a system-wide scale, the increasing volume of data necessi-
tates centralized Energy Data Hubs that facilitate smart tariffs and reduce market entry barriers
(Kiifeoglu and Ucler, 2021). Moreover, data itself has emerged as a highly monetizable asset, which
can be utilized through advanced renewable energy forecasting in wholesale markets

(Bessa et al., 2022).

Beyond asset monitoring, smart tools and digital ICT also enable participation in energy markets,
e.g., ICT-based renewable energy trading (Gunarathna et al., 2022). These Multi-Sided Platforms
(MSPs) enable automated trading of flexibility between prosumers, aggregators, and system opera-
tors (Lynch et al., 2017). Researchers also stated that using ICT-enabled technologies, e.g., block-
chain-enabled P2P trading and the use of smart contracts, eliminates the need for traditional inter-

mediaries, thereby lowering costs for consumers and prosumers (Leelasantitham, 2020).

On the other hand, these increasingly complex digital ecosystems require more sophisticated frame-
works and coherent ontologies capable of facilitating the automatic evaluation, coordination, and

optimization of energy business models over such environments.

The previous sections review various concepts at the archetype level, while the literature on energy
system business models synthesizes many distinct, generally non-cohesive configurations of a busi-
ness model. Literature on business models tends to focus on specific technologies (e.g., PV, storage)
or market mechanisms (e.g., demand response), resulting in multiple overlapping business model

types based on the roles of actors involved (ESCOs, aggregators).

To avoid confusion and provide a clearer overview, Table 1 summarizes some selected cases and

examples of business models identified throughout the literature. The table categorizes these
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models based on their core value propositions, key actors, revenue streams, and main influencing
factors. Table 1 offers a comparative framework that also complements the higher-level archetype

classification developed in this study.

Energy system business models differ significantly in terms of value creation, value delivery, and
value capture as indicated in Table 1. Although models like demand response and aggregation are
more oriented towards grid balancing and flexibility provision, others, such as distributed PV and
community-based models, place a greater emphasis on decentralized ownership and local value cre-
ation. On the other hand, service-oriented and financial models utilize performance-based agree-

ments and return on investment.

Across these diverse configurations, the viability and scalability of business models are largely de-
termined by regulatory frameworks and policy incentives that emerge across configurations. This
illustrates the close interplay between market design, policy environments, and business model in-

novation in achieving transitions to carbon-neutral energy systems.
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Business Model

Archetype

Core Value

Proposition/Service

Key Actors/

Customers

Primary

Revenue Streams

Key

Influencing Factors

Relevant Regions /Ex-

amples

Market-based DR

Grid balancing, Capacity/

Reserve

C/I/M customers

Brokerage fees, Subscription fees

Restructured markets,

Bid-size rules

North America

Utility-based DR

Grid balancing, Capacity/

Reserve

Residential, C/I/M

customers

Subscription fees, Brokerage fees

Regulated markets, Regula-

tory compulsion

North America,

Europe

EMS Providers

On-site energy optimization

C/I/M, Industrial customers

Shared savings, Software sub-

scriptions

Local energy needs,

Self-provision enablement

Global

Energy Storage for Net-

work Services

Grid stability, Network

constraint mitigation

Utilities, System operators

Asset sales/financing, Service

sales

Legislative mandates (e.g., AB

2514)

California, Europe

Energy Storage End-User

Optimization

Bill management, Backup

power, Self-consumption

Residential, C/I/M custom-

ers

Asset sales/financing, Shared sav-

ings

Solar PV profitability, Demand

charges, Cost declines

Global

Energy Storage

Co-optimization

End-user cost reduction, Mar-

ket participation

C/1/M, Industrial customers

Asset sales, Brokerage

fees, Shared savings

Market integration

regulations, Aggregation rules

Europe, New York

Solar-plus-Storage

Co-optimization

Firm solar, Virtual Power Plants

Residential, C/I/M,

Industrial customers

Asset sales/financing, Market

brokerage

Market integration regulations

for DERs

Global

Distributed PV Finance & Instal-

lation

Capital cost reduction,

Energy provision

Residential, C/I/M,

Industrial customers

Direct ownership, Leases, PPAs

Policy incentives (e.g., ITC,

FIT, Net-metering)

U.S., Europe

Utility-scale PV Finance & Install

Large-scale energy provision

Industrial, utility customers

Market sales, PPAs, and REC sales

Renewable portfolio standards

Global

Community Solar Providers

Solar access for unsuitable sites

Consumers, Utilities

Brokerage fees, Equity stakes

Policy-friendly environments,

U.S., Europe

Energy Service Companies

(ESCos)

Enhanced building

energy performance

Public/Private organizations

Incentives, Service fees

Energy performance contracts

(EPCs)

Global

Energy Cooperatives

Participatory energy genera-

tion, Community benefits

Community members

Member fees, Energy sales

Participatory governance, Dis-

tributive justice

Europe

Table 1: Key International Business Model Archetypes
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While previous sections focus on theoretical classification, this section provides an empirical classi-

fication of energy system business models. However, it is equally important to examine their real-

world implementation. Therefore, Table 2 presents a benchmarking analysis of selected real-world

flexibility platforms and energy marketplaces. Table 2 also compares their key functions, operating

methods, and geographical coverage. This benchmarking analysis aims to bridge the gap between

theoretical business model archetypes and their practical applicability in modern energy systems.

Platform / Marketplace

Country / Region of
Operation

Key Functions

Operation Mechanism

N— p
~as | 1EX
Next Kraftwerke " t

Europe (Germany, Bel-
gium, France, Austria,
etc.)

Aggregation of distributed
generation & industrial
DSM

Assets connect via control units/in-
terfaces; central software forecasts,
dispatches, and bids into markets

GOPACS

redispatch solution using
flexibility

@f Finland, the Nordic re- | Aggregation of flexible as- Connects flexible assets to its plat-
Fortum ortum gion, parts of Europe sets (batteries, loads) for form; optimizes and dispatches flexi-

grid services & markets bility to markets and ancillary ser-

vices
N @ DES Nordic & European Marketplace for flexibility | DSOs/TSOs post flexibility needs; pro-
NODES markets matching system opera- viders bid; platform supports reserva-
tors and flexibility service tion & activation steps
providers
Netherlands Congestion management / Combines flex bids from different

trading platforms into a virtual order
book; matches to congestion needs

(P piclo’
Piclo Flex

UK and international

Marketplace to procure
flexibility from DERs / flex-
ibility providers

Providers register assets, bid; DSOs
publish needs; matching, settlement,
dispatch via platform; API integration

Switzerland (primarily)

Aggregation of residen-
tial/small-scale flexibility

Controls devices/loads to respond to
grid signals; aggregates into flexibility
offers

m

UK

Asset registry and coordi-
nation platform for flexi-
bility

Maintains registry of participating as-
sets; coordinates among grid actors,
facilitates flexibility offers

EPEX SPOT : .

Europe (multiple
countries)

Electricity market operator
(day-ahead, intraday)

Market exchange: matching supply &
demand, clearing transactions

=) Statkraft

Statkraft

Norway + European
operations

Flexibility / VPP / optimiza-
tion of generation & stor-
age

Operates generation, storage, and
flexible assets; optimizes them across
markets

@

Europe (multiple mar-
kets)

Demand response & bal-
ancing/flexibility services

Interfaces with client assets; controls
& bids flexibility into balancing/grid
markets

Table 2: Benchmarking of Selected Energy Flexibility Platforms and Marketplaces
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After completing T3.1, the next task, T3.2, of this study was to identify and shortlist the findings of
the literature review to propose potential business models that are relevant to the regional context
of the PEAK Project. The purpose of this task was to translate the technical findings of Work Packages
1 and 2, along with the background study (T3.1), into business-oriented concepts to support the
development of a flexible and resilient energy system in Ostrobothnia. This task was divided into
two main subtasks, T3.2.1 and T3.2.2. First, T3.2.1 was mainly to draft business models based on
earlier project results. Second, T3.2.2 was to present the identified business models to relevant
stakeholders at a workshop or event. After evaluating the potential of each proposed business model,
the model perceived as most relevant and realistically implementable was then selected for further

development.

According to the results of T3.1, no single business model can be applied directly in the local context
of the PEAK project without adaptation. So, T3.2 was planned to be executed to outline and compare
different business model options that appear most suitable for further development in the Ostro-
bothnia region. The review findings showed that business model suitability depends on several fac-
tors, such as local regulation, network conditions, actor capabilities, and the availability of distrib-
uted energy and flexible resources. The findings also highlighted that aggregators and technology-
enabled digital platforms are becoming central enablers of local flexibility. While community-based

models often have high social acceptance, they usually face financing and scaling challenges.

The sketching of business models was also aligned with the empirical results of WP1, which mapped
the regional energy growth potential of the Ostrobothnia region under the ESSE Elektro-Kraft distri-
bution network. For example, WP1 T1.1 report identified five wind power projects in the planning
stage with a combined capacity of 693 MW, as well as two photovoltaic projects in Kauhava expected
to add 170 MW by 2028. These findings indicated that regional transition is likely to involve a more
decentralized asset base in the network. At the same time, T1.2 report showed that the local elec-

tricity network already contains meaningful flexibility potential in customer groups such as
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residential heating, retail, farming, and public institutions. Battery storage was further identified as
a relevant option for peak shaving, voltage support, and improved hosting capacity. T1.3 demon-
strated through the techno-economic analysis that energy storage can create value through local
flexibility provision and participation in the reserve market. Based on these findings, potential busi-
ness models were selected that focused on the aggregation and commercialization of local flexibility

resources.

Three preliminary business model sketches were selected for closer consideration. Each model helps
leverage the regions' existing assets, WP2 identified opportunities, and WP1-listed flexibility poten-
tial. These three models were also selected because they envision complementary approaches to
promote market-based flexibility, improve community-based coordination, and enable technology-

driven integration. The proposed models are shown in Table 3.

e Flexibility Aggregation / Virtual Power Plant (VPP)
e Local Energy Communities & Peer-to-Peer (P2P) Energy Model

e EV & Storage integration model (BESS + V2G services)

Proposed Business Core Components Main Functions / Value Creation
Model

Flexibility Aggrega- Demand Response (DR), Distributed Aggregates distributed assets to participate in flexibility and

tion / Virtual Power Energy Resources (DERs), Energy Stor- | balancing markets. Optimizes demand—supply in real time, re-

Plant (VPP) age Systems (ESS), EV flexibility, digital | duces grid congestion, and enables new revenue streams from
aggregation platforms ancillary services.

Local Energy Com- Shared renewable generation (PV, Enables collective ownership and local energy exchange. Max-

munities & Peer-to- wind), local microgrids, smart meter- imizes self-consumption, improves energy resilience, and re-

Peer (P2P) Energy ing, peer-to-peer trading platforms duces dependence on centralized systems while empowering

Model consumers as “prosumers.”

EV & Storage Battery Energy Storage Systems Integrates transport and power sectors by using EVs and stor-

Integration Model (BESS), EV smart charging, Vehicle-to- | age as flexible grid assets. Supports peak shaving, load shifting,
Grid (V2G), energy management sys- and long-term grid stability while enabling new service-based
tems revenue models.

Table 3 Proposed Business Model
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The Aggregator/Virtual Power Plant (VPP) model emerges as a promising approach for smart energy
systems, unlocking the full value of distributed flexible resources. These models operate within the
broader flexibility value chain, which defines how distributed resources are aggregated and mone-
tized. To understand these models, the flexibility value chain dynamics must be understood, includ-
ing how decentralized assets such as electric vehicles, battery energy storage systems (BESS), and

demand response (DR) connect to various energy markets and grid stakeholders.

The flexibility value chain (FVC) provides conceptual information on how flexibility is generated, ag-
gregated, traded, and monetized across the electricity system. According to the USEF White paper:
Flexibility Value Chain (2018) framework, flexibility originates at the prosumer level (e.g., households,
commercial users, etc.) that consume, generate, and store electricity. Their flexible assets (e.g.,
smart appliances, EVs, heat pumps) are the fuel for the flexibility value chain. Other key roles in this
value chain include aggregators (BRP, BSP), energy producers, and System operators (DSO & TSO).

Two pathways of flexibility valorization are shown in Figures 1 and 2, respectively.

o Implicit flexibility: responding to price signals (e.g., time-of-use tariffs).

o Explicit flexibility: direct trade energy in the ancillary service market via an aggregator.

Figure 2: USEF Flexibility Value Chain for implicit demand-side flexibility®

10 USEF: The Flexibility value chain Framework for implicit demand side flexibility - Update 2021
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Figure 3: USEF Flexibility Value Chain for explicit demand-side flexibility!?

The Aggregator (Flexibility Service Provider, FSP) is a key component of the Flexibility Value Chain
(FVC). The Aggregator acts as an intermediary market player between Active Customers (Prosumers)
and Flexibility Requesting Parties (BRP, DSO, TSO). One of the Aggregator’s key tasks is to acquire
flexibility from Prosumers. This flexibility includes adjustments to electricity consumption and pro-
duction. The Aggregator then aggregates this flexibility into a portfolio and develops services based
on it. These services are offered to different market parties according to their operational roles, e.g.,
Balancing Service Provider (BSP), Congestion Management Service Provider (CMSP), and Commer-

cial Service Provider (CSP), as shown in Figure 4.

This benefits the system operator by maintaining stability, managing network constraints, and bal-
ancing supply and demand in the electricity network. For performing these services, the aggregator
earns financial value, which is partly transferred to Active Customers. As part of the incentive, cus-
tomers are encouraged to change their behavior regarding their consumption or production of elec-

tricity.

11 USEF: The Flexibility value chain Framework for explicit demand side flexibility - Update 2021

Co-funded by
the European Union 29



https://www.usef.energy/news-events/publications/

PEAK — WP3 Business models

As previously highlighted, explicit demand-side flexibility is usually managed by an aggregator, while
implicit demand-side flexibility is managed by an energy service company (ESCo). Both roles can be
performed by the same entity or by a separate entity, depending on the market arrangements. How-

ever, Certain regulatory and operational restrictions are imposed if there is a conflict of interest.

Figure 4: USEF Role of Aggregator: Combination of implicit and explicit Distributed Flexibility??
The flexibility value chain comprises explicit services delivered by an aggregator to different market
parties and implicit services provided to prosumers through an ESCo. Implicit services focus on local
optimization, such as shifting electricity use to cheaper times (Time-of-Use), balancing self-gener-

ated energy, reducing peak demand, and providing backup power. These services mainly help cus-

tomers lower costs and improve energy efficiency, as shown in Figure 5.

TolU optimization
0 ! — self-balancing .
F N A L
ESCo ctive

Customer

emergency power supply

Figure 5: USEF Implicit Distributed Flexibility (DF) services!3

12 Combination of implicit and explicit Distributed Flexibility — USEF framework Updated 2021
B3 Implicit Distributed Flexibility (DF) services — USEF framework Updated 2021.
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However, the explicit flexibility services are managed by the Aggregator. These services are grouped
into four main categories: wholesale services (reducing energy costs and balancing supply and de-
mand), constraint management (supporting grid stability and avoiding overload), balancing services
(maintaining system frequency), and adequacy services (ensuring enough long-term electricity sup-

ply), as shown in Figure 6.
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Congestion management
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Figure 6: USEF Explicit Distributed Flexibility (DF) services'*

Aggregating business models are mainly classified into two types:

e combined-role aggregators

e independent aggregators.

14 Explicit Distributed Flexibility (DF) services — USEF framework Updated 2021.
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In combined-role aggregation models, the aggregator is usually involved in other activities in the
energy market. In contrast, in independent-role aggregation models, aggregators operate inde-
pendently of other players in the electricity market, such as suppliers and BRPs, as shown in Figure

7.

Combined

Aggregator-
BRP

Combined Combined

Aggregatar- Aggregatar-
Supplier D50

Aggregators with a
combined role

Delegated Prosumer as

Aggregator Aggregator

Aggregators with an
independent role

Figure 7: Aggregator business models'®

Aggregator as
service
provider

Combined-role aggregator business models are further classified into three types. The first type is
the aggregator—supplier business model, characterized by the same organization acting as both an
electricity supplier and an aggregator. Supply and aggregation services are combined, resulting in
only one BRP per connection point. The second type is the aggregator—BRP business model, in which
the aggregator serves as the Balance Responsible Party, while the supplier continues to provide elec-
tricity. Therefore, in this model, two BRPs are present at the same connection point, for example,

one for the supplier and another for the aggregator. Finally, there is a third type known as the

15 Aggregator business models — BestRES 2016
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aggregator—DSO business model, which is generally complex since it combines regulated and non-

regulated roles as shown in Figure 8.
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Figure 8: Aggregator with a Combined Role (Lépez et al., 2024)

In the case of independent aggregators, the aggregator functions separately from suppliers and BRPs.
There are three types of independent aggregators. The first is the independent aggregator acting as
a service provider, without any responsibility function, as it offers services to other market players
without taking on balancing or financial risks. The second type is the delegated aggregator, where
all responsibility lies with the aggregator, as it operates independently and sells services to other
market participants at its own risk. The third type is the prosumer-as-aggregator, where the con-

sumer or prosumer manages their own resources, as shown in Figure 9.
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(d) Aggregator as a service provider model

Figure 9: Aggregator with an Independent Role (Lopez et al., 2024)

The concept of a virtual power plant is to aggregate all renewable energy resources, networked
through remote control units via digital platforms, to provide grid services. Like an aggregator busi-
ness model, a VPP does not require the DER to be connected to the same network; it generates
electricity from a single centralized plant. VPP operators pool small-scale assets owned by residential,
commercial, and industrial consumers. VPP clusters them all and manages them as a unified re-
source with the help of digital smart infrastructure. This aggregation enables VPPs to participate in
energy markets by offering multiple services, e.g., reserve, capacity, or ancillary services, which, in

turn, is favorable for both grid operators and participating customers.

Revenues are usually generated from payments by utilities for services that include grid stabilization,
reduction of peak load, and provision of stored energy to wholesale market operators or utilities.

The VPP model is unique in that a considerable proportion of expenses goes toward encouraging
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consumer involvement rather than constructing large-scale physical infrastructure. Users get paid
for controlling their energy consumption, eliminating the need to install expensive peaking power

stations and grid connections.

From an operational perspective, the VPP model is supported by digital platforms that enable real-
time communication, forecasting, and optimization of distributed assets. VPP operators employ data
analytics techniques to forecast energy demand and control DER deployment. Some VPPs focus on
participating in utility retail programs, while others opt for the wholesale electricity markets. VPPs
operating in different regions have different levels of market involvement depending on the region's

regulatory framework, as shown in Figure 10.
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Figure 10: Virtual power plant VPP®

16 pathways to Commerecial Liftoff: Virtual Power Plants
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The Local Energy Communities (LEC) or Peer-to-Peer (P2P) energy trading model has been identified
in recent literature as a distinct socio-technical business model with high social acceptance. It is seen
as the opposite of purely market-based business models, such as the aggregation model. It also dif-
fers from the VPP model, whose primary business objective is to participate in various energy mar-
kets and therefore monetize the flexibility provided by Distributed Energy Resources (DERs). Energy
communities focus on local ownership of energy assets and on improving them for local purposes.
Energy communities are explicitly backed by the European Union's Clean Energy Package, especially
by RED Il (Renewable Energy Directive). Renewable Energy Communities (RECs) and Citizen Energy
Communities (CECs) are also recognized as new market participants by the European Union's Clean
Energy Package. These models facilitate energy consumers to participate in the system as energy

producers and asset owners.

Local Energy communities comprise small household users, small companies, local government, or
public actors. They collaboratively invest, generate, consume, and distribute local energy resources.
These communities are usually built around a jointly owned renewable power source such as a solar

PV system, wind turbines, or battery storage.

The main objective of energy communities is to:
e Maximize local self-consumption of renewable energy
¢ Reduce dependency on centralized energy markets
e Enhance energy resilience and security at the local level

e Promote social acceptance and participation in the energy transition

Energy communities models also contribute to decentralizing the energy system, which further helps
to improve the grid hosting capacity and minimize the grid load. These Community-led business
models are mostly centered on energy sharing and microgrid management rather than focusing on
financial earnings and profits. The main focus of these business model implementations is to reduce

energy cost and improve grid reliability.
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There are multiple types of energy community business models (ECBM) in Europe. Each has its own
Ownership structure, operational objectives, and actor roles. According to Reis (2021), eight com-

mon types are listed below:

o Energy cooperatives — citizen-owned, democratic

e Community prosumerism — produce & consume

¢ Local energy markets — peer-to-peer trading

e Community collective generation — shared solar assets

e Third-party-sponsored communities — externally funded
o Community flexibility aggregation — pooled flexibility

¢ Community ESCO — efficiency services

¢ E-mobility cooperatives — electric transport

Energy Cooperative is a highly relevant LEC business model type from a Finnish regional perspec-
tive, as shown in Figure 11. At the same time, the Community collective generation and Commu-

nity flexibility aggregation will soon be the most promising ones in the coming years.
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Figure 11: Energy cooperatives business model(F.G. Reis et al., 2021)

Although Peer-to-Peer (P2P) energy trading falls under the energy communities model, it is a distinct
mechanism that enables participants to build a self-integrated energy network infrastructure. The
main focus of this prosumer-led collaboration business model is to improve self-sufficiency and re-
duce dependency on energy trading with external entities. The model allows participants to con-
struct their energy infrastructure, enabling direct electricity exchange among themselves, rather

than selling surplus electricity back to the grid at wholesale or retail prices through net metering.

Prosumers can easily trade energy locally with other participants, e.g., neighbors.

P2P trading relies on:

¢ Digital platforms for matching supply and demand

¢ Smart metering infrastructure for accurate measurement and settlement

¢ Automated pricing mechanisms (fixed, retail, or market-based)
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e Licensed Supplier

e Advanced ICT

This model enables the efficient use of locally produced renewable energy, e.g., community solar PV,
thereby increasing economic benefits for prosumers. It also provides greater transparency and con-
trol for community representatives over their own energy consumption, as shown in Figure 12. How-
ever, in practice, fully open P2P trading is constrained by strict regulatory frameworks. So, energy
sharing is only permitted through virtual sharing models or with the same distribution network sys-

tem operators through net metering.
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Figure 12: Community LEM based on P2P trading(F.G. Reis et al., 2021)

The EV & Storage Integration Model can be described as the technology-led model that emphasizes
the integration of Electric vehicles (EV) and energy storage solutions (e.g., BESS) within the electricity
network. These models become one of the major facilitators of sector coupling through combining

the electricity and mobility sectors.
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Unlike Aggregator/VPP and Energy Community models, which focus on markets and community in-
itiatives, respectively, the EV and Storage-integrated model is based on infrastructure and flexibility
services provided by controllable assets, such as Battery Energy Storage Systems (BESS) and electric
vehicles (EVs). There is an increased emphasis on carbon neutrality and zero emissions across Euro-
pean countries, and the electrification of transport and the integration of storage systems are now
seen as flexible energy sources. The proposed model is also consistent with the sustainability goals
of Europe and Finland concerning energy transition, in which higher penetration of renewable en-
ergy requires more flexible sources to balance the electricity system. This can be provided by electric

vehicles and storage at both local and system levels.

EV & Storage integrated models are considered mostly effective solutions for supporting grid stability.
These distributed storage assets (EV batteries and BESS) can easily store energy as backup and dis-

patch it back at the desired time. These assets enable:

e Optimal energy storage and consumption
e Load shifting and peak shaving

e Ancillary services like frequency control

The operation capability lies in the coordinated control and optimization of these assets through a
digital energy management system and smart charging infrastructure. Their effectiveness depends
on forecasting and automated control mechanisms. EVs have intelligent charging features that
charge the vehicle battery for mobility services, but if advanced infrastructure implementations are
employed at some sites, e.g., Vehicle-to-Grid (V2G). Then, at the idle state or desired time, EV bat-

teries can also supply energy back to the grid.

On the other hand, BESS systems are usually installed at various sites across the electricity genera-
tion and distribution network, e.g., residential, commercial, and industrial sites, depending on the
need. BESS can also be installed at specific nodes of the distribution network, from which it can

provide services to improve grid efficiency and reliability.
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The energy storage systems have a significant function in enhancing flexibility and resilience in en-
ergy systems, as they both use and produce electrical power. This characteristic of being able to
produce and utilize electricity allows energy storage systems to be considered as one of the most
valuable assets within the electricity chain by providing added value at different stages in the value

chain.

From a system perspective, energy storage applications are typically categorized based on their po-

sition within the electricity value chain, as shown in Figure 13.

e Front-of-the-Meter (FTM), when located in a transmission/distribution network and provid-
ing services on the system level

e Behind-the-Meter (BTM), located at the consumer site, to optimize costs

Energy storage systems play multiple roles within the electrical power system. At the system level
(FTM), their services include ancillary services such as frequency control, voltage support, and sys-
tem recovery to improve grid reliability. In addition, they play the role of providing capacity and
flexibility services, namely peak load reduction, peak load shifting, and resource adequacy, that as-
sist in the supply-demand balance. At the system and customer levels (FTM and BTM), energy stor-
age systems provide market services, such as energy arbitrage, in which electricity is purchased
when prices are low and then resold when prices are high. At the customer level (BTM), energy
storage systems offer services such as backup power, improved self-consumption of local renewable

energy resources, and reduced demand peaks.

Economic feasibility for energy storage business models depends on three core value streams. The
first one is cost savings. This can involve lowering costs through peak shaving or energy efficiency.
The second is deferred investment. In this case, energy storage systems delay or even avoid expen-
sive investments in electricity transmission lines and transformers. The third is energy arbitrage.
Here, businesses earn money from differences in energy prices between times or locations. However,

energy storage systems may employ a combination of all three approaches at once.
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Figure 13: Behind-the-meter vs. Front-of-the-meter!’

The next objective of Task 3.2 was to shift the proposed business model concepts into an operational,
regionally grounded business model and validate these through stakeholder engagement. Task 3.2
also aimed to identify the most relevant and promising models for future development, integrating

perspectives from key actors throughout the region.

Early stakeholder feedback was gathered during a public engagement event at the Ytteresse Energy
Park open day. Questions were formulated on how participants define energy flexibility. Responses
ranged from resilience and reliability to cost savings and sustainability. It became clear that flexibility

is interpreted differently across actor groups.

Given this wide variation, a lead-actor-driven approach was adopted to ensure that business model
development is grounded in realistic implementation conditions. Esse Elektro-Kraft (EEK) was se-
lected as the pilot actor for its central role in the regional energy system and its experience in elec-

tricity distribution, local energy production, and market participation.

17 Behind the Meter vs. Front of the Meter — What's the difference?
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A structured co-creation workshop was organized with Esse Elektro-Kraft (EEK) to refine and priori-
tize business model concepts. This workshop was structured to be interactive and co-creative, using
presentations, facilitated discussions, and hands-on exercises. The workshop began with a short ses-
sion introducing the preliminary business model concepts identified in Task 3.2. After the presenta-
tion, a discussion on EEK’s potential roles within these concepts was conducted. This discussion en-
sured that participants understood the theoretical concepts and could easily relate them to system-

atic realities.

Right after this discussion, three interactive exercises were conducted. All three exercises are corre-

lated and help to interpret the findings into the successful development of the business models.

The first exercise was focused on establishing a baseline understanding of EEK’s current position
within the regional energy system. To conclude this exercise, an instruction sheet and an exercise
worksheet were provided to help them understand the goals and how to evaluate them. This exer-

cise aimed to map current system conditions.

e Strategic goals (e.g., customer retention, participation in frequency markets, enabling flexi-
ble services)

e Core competencies and assets (e.g., distribution grid, hydropower, SCADA systems, smart
meters)

e Current value chain (e.g., production — distribution — sales — balancing markets)

e Resources and key partners (e.g., Autocric, Herfors)

e Stakeholder landscape (e.g., households, farmers, small industries, technology providers)
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The second exercise was focused on linking current assets to future value creation by identifying
challenges and opportunities. To conclude this exercise, an instruction sheet and an exercise work-

sheet were provided. Participants worked through a structured mapping process covering:

e Assets: smart meters, SCADA systems, hydropower combined with storage, consumer PV

e Challenges/limitations: limited human resources, lack of critical mass, regulatory constraints,
ROI uncertainty, contractual complexity, market entry thresholds

e Opportunities: development of flexibility services, increased demand response participation,
leveraging existing service providers

e New value created: reduced energy consumption, peak load reduction, improved system ef-

ficiency

This exercise concluded that technical assets are in place, but regulatory, operational, and market

barriers remain key challenges.

In the third exercise, the Business Model Canvas*® (BMC) developed by (Osterwalder and Pigneur,
2013) was introduced in the workshop. This is a globally accepted tool for understanding business
models. A visual framework that explains how an organization co-creates, delivers, and captures
value. The tool consists of nine interconnected building blocks (Value proposition, Customer seg-
ments, Customer relationships, Key partnership, Key activities, Key resources, Channels, Cost struc-
ture, and Revenue streams) that together provide a holistic view of a business model, as shown in

Figure 14.

18 The Business Model Canvas
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Figure 14: Business Model Canvas (Osterwalder and Pigneur, 2013)

WP3 considered the Business Model Canvas an appropriate tool for this workshop due to its simplic-
ity, visual nature, and suitability for a collaborative workshop. The BMC is also particularly valuable
for early-stage innovation processes, as it enables more iterative development and helps identify
potential opportunities and constraints in a systematic way. It allowed the workshop outcomes to

be interpreted into concrete, actionable business model ideas.

According to the workshop results, three business model drafts have been outlined that are partic-
ularly relevant for further development. They reflect a combination of EEK's existing competencies

and opportunities in the local energy system.
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The first model positions EEK as a local flexibility coordinator, capitalizing on its visibility of the grid
and digital infrastructure (SCADA systems and smart meters) to procure and manage flexibilities
from distributed energy resources. That model has a solid foundation in terms of EEK’s current op-
erational capacity and data architecture. This primarily enables the creation of value by reducing
demand peaks and avoiding costly investments in grid reinforcements. However, its deployment is

bound by regulatory boundaries, e.g., how distribution system operators can earn revenue.

The second model is based on cooperation between EEK and external aggregators or service provid-
ers to access national flexibility and balancing markets. In this model, EEK will provide local system
knowledge and network access, while partners will play a market-participation role and perform
other aggregation functions. The model benefits from EEK'’s existing partnerships and market expe-
rience, enabling value creation through revenue sharing from flexibility services and improved utili-
zation of distributed resources. However, major issues include addressing market access require-

ments and securing enough aggregation scale to participate meaningfully in flexibility markets.

Finally, the third model is designed to facilitate and encourage local energy communities that inte-
grate distributed generation (in particular, PV), energy storage, and demand response. The model is
an extension of EEK's extensive local experience and geographic reach across customers and regional
stakeholders. Creating value through self-consumption, increasing customer engagement, and in-
creasing local energy system resilience. At the same time, the model faces challenges related to legal

complexity, governance structures, and coordination among multiple actors.

Across all three models, the workshop highlighted that EEK possesses a strong technical and organ-
izational foundation. However, the successful implementation of these business models will depend

on overcoming regulatory, market, and coordination-related barriers.
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The next task, T3.3, was to analyze the legal and regulatory framework conditions affecting the im-
plementation of the business models identified in Task 3.2. To gain an understanding of current legal
regulations and restrictions, we have conducted multiple interviews with Finland's national legal ex-

perts.

In Finland, Flexibility-based business models are highly influenced by national legislation and the
evolving European Union regulatory framework, particularly those related to electricity markets,
energy communities, and distributed energy resources. Although recent regulatory shifts have ena-
bled new forms of market participation, several structural and legal constraints continue to limit the

implementation of innovative business models.

The Clean Energy for All Europeans package at the European level introduced the concept of energy
communities to promote decentralized and citizen-driven energy systems. Energy communities are
defined in those frameworks as entities aimed at delivering that can collectively generate, consume,
store, and share energy, focusing on environmental, economic, and social benefit rather than profit
maximization (European Union, 2019'% Ministry of Economic Affairs and Employment of Finland,
20232%). However, in Finland, the practical implementation of energy communities is still limited.
Under the current regulation, energy sharing can occur only within a single property or a small group
of closely interconnected properties, usually via virtual net metering agreements (REScoop; EU,
2023%1). As a result, the scalability of energy community-based models is limited, which limits their

applicability to broader regional energy systems.

Meanwhile, the Finnish regulatory environment is transitioning towards facilitating more flexible
and decentralized market participation. One important development is the introduction of inde-
pendent aggregation, which unlocks the distributed flexibility. As highlighted by a legal expert in an

interview:

19 European Union. (2019). Directive (EU) 2019/944 on common rules for the internal market for electricity (recast).
20 Ministry of Economic Affairs and Employment of Finland. (2023). Energy communities.
21 REScoop.eu. (2023). Energy community definitions: Finland
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“...with the independent aggregation, you don't need to have the BRP [Balance Responsible

Party] if you participate only through the independent aggregations”.

This indicates that regulations are shifting towards integrating more small, decentralized assets into
electricity markets through different pathways. However, independent aggregation is still an emer-
ging model, although it has been introduced gradually across various reserve markets and is not yet

fully finalized.

However, even with these positive developments, market participation remains limited by several
technical and market-related barriers. In Finland, Flexibility markets have very strict technical criteria
for activation speed, measurement capabilities, and prequalification procedures. Furthermore, the
minimum bid size thresholds restrict entry for smaller participants, necessitating their aggregation

to gain access to the market. As highlighted by a legal Expert:

“..technical requirements and minimum bid size ... can be a barrier for smaller resources...you
need to aggregate them to meet the minimum bid size....small resources, they can't participate

4

on their own... they have to have this aggregator or then go through their electricity supplier...”

Although ongoing regulatory initiatives aim to lower these thresholds, they remain a significant con-
straint for regional and community-based business models for now. Another important regulatory
aspect concerns the role of Distribution System Operators (DSOs). The Finnish electricity market re-
gulation imposes strict unbundling rules, requiring that network operations be separated from com-

petitive market activities. According to the legal expert:

“...the network company side... needs to be kind of separated since that's like a natural mo-
nopoly, so that's why they need to be separated from any other market business...the starting
point is that they shouldn't own even the batteries to provide some great service for themselves.

They should procure it on the market...”

This imposes structural restrictions on business models that position DSOs as active players in the

market, such as DSO-led flexibility platforms. In such cases, value creation is primarily indirect, for
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example, through avoided grid reinforcement costs, rather than through direct revenue generation

from market participation.

However, regulatory developments are increasingly recognizing the role of DSOs in enabling flexibil-
ity. More specifically, it is anticipated that DSOs will procure flexibility services to manage congestion

and enhance the effectiveness of electrical grids. A Finnish legal expert highlights this view:

“..regulation moving towards that direction, namely DSO should procure flexibility services as

part of their operation”

This transition opens new pathways for market-based procurement mechanisms. Allow open partic-

ipation in flexibility procurement: As explained by the legal expert during an interview:

“..any market party can offer the flexibility of the service for the local network ...they [the af-
filiated companies] are in competition with any other flexibility provider...and the requlator has
accepted our terms and conditions, so how the marketplace works. So that’s kind of the ba-

sis...any market party can offer the flexibility...”

The regulatory framework for energy communities and distributed systems is fragmented and still
developing, characterized by overlapping regulations and unclear guidelines for implementation.
(Finnish Energy, 2025%%; REScoop.EU, 202323). Although some forms of energy sharing at the local
level are permitted, community-driven models face difficulties from a legal and organizational per-

spective. According to the legal expert:

“...if you have a housing company, so you could have solar panels and then share the energy
between the customers who have their own electricity contracts and metres and so on. So it's

possible to share the energy within the housing company...(but)...have solar panels on your

22 Finnish Energy. (2025). Energy policy positions and EU framework consultation response.

23 REScoop.eu. (2023). Enabling frameworks and support schemes for energy communities: Finland
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summer cottage and then use the energy in your city apartment. But so that's not possible

today”

It becomes clear that this significantly limits the development of energy communities and the flexi-
bility pools model discussed in Task 3.2. However, there is hope that such restrictions will eventually
be overcome due to evolving regulations that allow for collective involvement. The legal expert also

stated this future vision as:

“...lwould assume that this will be solved in the future. And also the energy community, so they
are kind of group of individuals and individuals when they can already participate. So why

couldn't the kind of group of individuals as well as a community?...”

Current market conditions favor commercial-scale and industrial-flexibility resources, especially in
reserve markets with existing revenue streams. Economic incentives are the primary motivator for
market participants, and national-level markets will see most demand for advanced flexibility. This
is why aggregation-based and industrial demand response models are more likely to be imple-

mented in the short term than community-based and small-scale models.

In conclusion, the study shows that while Finland is well on its way to a more flexible and decentral-
ized energy system, the current regulatory framework is partially enabling and partially restrictive.
Expansion of independent aggregation, reserve market opportunities, and the increasing role of
DSOs in flexibility procurement are the key enabling trends. At the same time, significant barriers

exist, particularly related to:

Unbundling restrictions on DSOs

Technical and market entry requirements

Limited legal frameworks for energy communities

Uncertainty in regulatory implementation timelines
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Business Model

Key Legal Enablers

Key Legal Barriers

Current Feasibility

Future Outlook

DSO-led Local Flexibil-

ity Platform

DSO allowed to pro-
cure flexibility for grid

operation

Unbundling rules pre-
vent market participa-
tion and profit genera-

tion

Medium (operationally
feasible, limited reve-

nue model)

Increasing role of DSOs
in flexibility procure-

ment

Partnership-based

Aggregation Model

Independent aggrega-
tion is enabled in mul-

tiple markets

Technical require-
ments, minimum bid
size, and prequalifica-

tion barriers

High (already emerging

in the market)

Strong growth ex-
pected as aggregation

expands

Local Energy Commu-

nity & Flexibility Pool

Energy sharing is al-
lowed within a single

property

Restrictions across
property boundaries
and an unclear legal

framework for commu-

nities

Low—Medium (limited

implementation scope)

High potential with fu-
ture regulatory devel-

opment

Table 4: Examination of the legal framework conditions for business models

Table 4 demonstrates that the practical success of the business models identified in Task 3.2 is highly
conditional on regulatory alignment. However, some models can exist within the existing framework,
while others require further regulatory development and clarification. Consequently, the reflections

generated in Task 3.3 constitute an important basis for further elaboration and design of business

models that will take place in Task 3.4.
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The last task, T3.4 of WP3, is the final business model development, which follows a staged pathway

approach and hence defines the implementation plan for three business models over time. This ap-

proach was adopted based on T3.3 results, which indicate that the transition towards a flexible and

decentralized energy system cannot be achieved through a single model. Instead, it requires a step-

wise progression that builds capabilities, reduces risks, and aligns with evolving regulatory and mar-

ket conditions.

The structured approach comprises three phases: the short-term, mid-term, and long-term. These

three phases indicate different stages of maturity. However, each phase depends on the one that

precedes it. This ensures an incremental approach to growth. The step-by-step development process

of the business models is highlighted in the implementation roadmap presented in Figure 15. The

implementation roadmap translates the three phases of the business models into a structured path.

The business models are linked to the business operations, the responsibilities of the stakeholders,

and the income-generation strategies, with the technical and regulatory requirements.

Phase 1
Short Term (Now-2027)

Phase 3
Long Term (2030+)

Market Entry, Partner Model
& Compliance Foundation

* Pilot flexibility services through
aggregator / BSP partner model

£ + BESS and flexible load aggregation

A" Reserve market prequalification,

[:El « Customer contracting, billing
©  automation, and platform onboarding

E% « Focus on bankable early services, not
full-scale market exposure

telemetry, metering, and settlement setup

(® Local Community Growth &
Shared Flexibility Pilots

%) * Local shared storage and housing
cooperative pilots

« Customer profiling and clustering for
flexibility optimisation
%> » Smart EV charging infrastructure

% « Selective aFRR / mFRR participation
where technically and legally feasible
ggg + Community energy portal and local
partnership model

I:j « Expand only within Finnish energy-
sharing and data-governance rules

Multi-Asset VPP & Scalable
Energy-as-a-Service

gg) » Multi-asset virtual power plant operation

@ Smart charging at scale and selective
V2G deployment

.:"{ * Regional and national flexibility expansion
&2 * Bundled Energy-as-a-Service offerings

7 * Shared governance model and strong
2 sustainability branding

« Advanced digital optimisation across
= multiple value streams

_Revenue Logic _ RevenueLogic =~ Revenue Logic .
Service fees + reserve revenues + Community service fees + optimisation VPP revenues + recurring service
L customer savings sharing ) fees + storage/flexibility income subscriptions + shared savings

2, market rules and )1 metering and
Q/ prequalification settlement

Compliance, regulation, and enabling conditions
o customer data consent consumer protection
;

=) and cybersecurity 7 and contracts

grid connection and national regulatory
% technical standards @ readiness

Implementation speed depends on market access, regulation, customer adoption, and technical readiness.

Figure 15: Staged business model pathway for regional flexibility services.
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This model refers to an immediate implementation model based on the existing market structure
and resources. The main aim of this model is to facilitate participation in the existing flexibility mar-
kets, especially in the frequency containment reserves (FCRs). This model is considered low risk be-

cause it facilitates the provision of flexibility services within existing frameworks.

The model is based on existing market roles and uses larger flexible assets, such as battery energy
storage systems (BESS), photovoltaic systems, and flexible industrial loads, e.g., heat pumps. Key
actors involved in the business model include asset owners, industrial customers, large prosumers,
aggregators, and balancing responsible parties (BRP/BSP). These actors jointly collaborate to aggre-

gate and provide flexibility services, which are then sold to national reserve markets.

The main value of this model lies in its practicality and alignment with current Finnish market con-
ditions. It enables early revenue generation through participation in the reserve market, service fees,
and shared savings mechanisms. At the same time, it supports operational learning and capability

building, which are essential for future scaling.

However, the model also faces certain limitations. The primary challenges relate to regulatory and
market requirements, including clear role separation between actors and the technical prequalifica-
tion of assets. These constraints define the implementation of boundary conditions and highlight

the importance of compliance and market readiness in the early stages.

Overall, the short-term business model serves as a foundation phase within the staged pathway. It
allows stakeholders to enter the flexibility market, test business concepts, and build the necessary
technical and organizational capabilities for further development. The Business Model Canvas for a

short-term business model is shown in Figure 16.
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The Business Model Canvas

Designed for:

PEAK Project

Designed by:

All Stakeholders

Version

Short term

Date:

11.3.2026

Key Partners 69
© Fingrid, Settlement services
' (eSETT),(1) Aggregators &
retailers (Power Deriva) (2)
Authorized BRP/BSP(1,2)

Technology providers(1,2,3)

Key Activities

Providing FCR services.
Aggregation (1)

Provide flexibility service.
(2,3)

Load shifting, individual or
aggregated(2,3)

Asset Prequalification(1)
Billing and settlement(1,2)

Key Resources saml
Contracted Asset. Smartmeters.
Automation system of BESS
(expandable), SCADA. Hydro-, PV
powerplant, BESS(1,2,3)
Metering system, Billing
system(2,3)

Smartmeters(3)

Value Propositions

1. FCR

2. Market-based
Flexibility services

3. Flexiblility services
for local Industrial
customers (demand
responce, smart
billing)

Customer Relationships '

Contract. Compliance
Reporting(1)

Service-level Contract (2)
Consent-based participation
and service agreements(3)

Channels

Energy
marketplaces.(1,2)
Platform

Platform (elweb 2.0)
(1,2,3)

Customer Digital
Interface(3)

Customer Segments
Fingrid. (1)
Asset owners (BESS,PV,
Flexible loads) (1,2,3)
Industrial consumers,&
large prosumers (3)
Authorized Aggregators
(2)

”n

Cost Structure

Market participation fees. (1,2)
Platform costs (2,3)

Reporting (1,2,3)

Training & maintenance(2,3)

Expansion of automation system. Platform/Service.(2,3)

Q®

(3)

Revenue Streams

Flexibility market participation fees. Fingrid reserv market revenues.(1)
Service fee from aggregators/BRPs (2)
Contractual flexibility service fees / shared savings with industrial customers

Avoided grid reinforcements CAPEX

é

Figure 16: Short-Term Business Model (0—3 years): Market Entry and Feasible Implementation
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The mid-term model emphasizes the scalability and flexibility of services and the regional and com-
munity-level application of these services. This is a shift from the concept of individual assets provid-
ing flexible services to that of coordinated, collaborative energy solutions. The mid-term business

model builds on the skills developed in the short-term model but adds greater complexity.

This model extends flexibility services to community-based solutions, such as shared battery storage
facilities, as well as platform-based services that involve billing and account management. This will
lead to greater integration and customer convenience when managing energy resources, allowing

more parties to participate in the process.

Key actors in this phase include small and medium-sized enterprises (SMEs), housing companies,
prosumers, electric vehicle users, and community-level operators. In addition, platform providers
and service companies play an important role in enabling coordination, billing, and balancing ser-
vices. The model, therefore, relies on a more diverse and interconnected stakeholder ecosystem

compared to the short-term phase.

The main value of this model lies in its ability to move from isolated flexibility provision towards
coordinated community services. This enables improved system efficiency, greater potential for flex-
ibility, and new revenue streams through service-based offerings. However, the implementation of
this model depends on the development of appropriate governance structures, digital platforms,

and regulatory clarity.

Key challenges in this phase include energy-sharing limitations, particularly across property bound-
aries, as well as the need for clear governance models and stakeholder coordination mechanisms.
These constraints highlight the importance of regulatory development and institutional arrange-
ments in enabling community-based energy solutions. The Business Model Canvas for a short-term

business model is shown in Figure 17.
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The Business Model Canvas

Designed for:

PEAK Project

Designed by:

All Stakeholders

Date:

11.3.2026

Version:

Mid term

Key Partners

Technology providers
(BESS, platform, EV
charging) (2,3,4,5)
Platform service
provider (2,3,5)
Housing
cooperatives(2,3,5)
Balancing and
settlement service
providers(1,4)
Maintenance
Companies(3,5)

@

Key Activities

Profiling the customers +
clustering them (2)
Management of battery storage
system and accounts (3)
Community engagement for
coordinated flexibility activation
()

Market interface & dispatch
coordination (via BSP) (1,4)
Storage optimization (2,3,5)

Key Resources

saml
Community BESS (3)
Platform (visual presentation
important showing different
communities profiles and loads)
(2,3,5)
Billing system & reporting (2,3)
EV charging Infrastrcuture (5)

Value Propositions

1. Building to grid
flexibility
(=Flexibility services
extension of short
time plan)

2. Community level
energy & flexibility
service

3. Shared battery
storage services
(Battery as a service)

4. Optional Market
participation
mFRR,aFRR

5. EV charging

Customer Relationships '

Transparent Rules and
standards(Governance
model) (2,3)

Defining a common goal for
community (ruleset) (2)
Long-term service contracts
(2,3,5)

Digital self-service access
(1,5)

Channels

Energy
marketplace(1,4)
Platform/ community
portal(2,3,5)

Billing system. Direct
contact(2,3,5)

Customer Segments

SME’s (2,3,5)
Households anywhere
with different load
profiles. (2,3)
Prosumers. Spot price
customers (1,2,4)
Housing Companies
(2,35)

EV customers in
participating
communities (5)

”n

Cost Structure

ICT upgrades and platform operation cost (1,2,3,4,5)
Management of the community. Internal or external billing and
balancing and customer support(2,3,5)
Investment and maintenance of BESS (3)
EV infrastructure O&M (5)

L 2

Revenue Streams

Flexibility & optimisation market revenues (via BSP/BRP) (1,4)
Fixed Community service fees (2)
Baas Storage fee.(3)

Platform Service Fee/Membership Fee (2,5)

b
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The long-range business model is a clear, prospective picture of how completely an entire regional
energy system could move toward integrated management. It is oriented towards the delivery of
coordinated energy resources, meaning the use of digital platforms to provide comprehensive, flex-

ible services at scale.

The proposed model integrates functionalities from blockchain-based Virtual Power Plants (VPP),
vehicle-to-grid (V2G), and data-driven optimization. It leverages decentralized resources to form a

regional flexibility market and enables advanced market services and Energy-as-a-Service solutions.

Several actors are involved during this phase. This includes municipalities, industries, energy com-
munities, fleet operators, and system-level actors. The integration and coordination process of this

model mainly relies on technology providers and TSO/DSO interfaces.

The main value of this model lies in system-wide optimization, improved efficiency, and new service-
based revenue streams. However, this phase depends on future developments in regulation, tech-
nology, and market structures. It also requires significant investments in digital infrastructure and

new skills.

Overall, the long-term model represents a phase of transformation. It defines the strategic direction
for a flexible, integrated, and carbon-neutral energy system. The Business Model Canvas for a short-

term business model is shown in Figure 18.
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The Business Model Canvas

Designed for:

PEAK Project

Designed by:

All Stakeholders

Date:

11.3.2026

Version:

Long term

Key Partners

1.
2.

S

@

TSO/DSQ’s
Technology
providers(VPP
software, EV,
storage, Al)
Municipalities,
housing companies,
and cooperatives
Automotive sector
EV fleet operators
Industrial Partners
Innovation Institutes
and universities

Key Activities (V']

1. Operation of large-scale
Virtual Power Plants

2. Automated flexibility
activation and settlement

3. Integration of V2G and
mobile flexibility assets

4. Participation in national,

and cross-border
flexibility markets

Key Resources

szl
Large portfolios of
distributed energy
resources (DERs)

Shared and community-
owned battery storage
systems

EV fleets and bidirectional
charging infrastructure
Advanced ICT platforms
(VPP, Al, data analytics)

iti =it
Value Propositions 1

. Virtual power plant
. V2G services

Green branding &
sustainability
leadership for
municipalities/indus
tries

Data-driven energy
optimization
predictive grid
management

. Advanced grid and

market services
Community-based
energy solutions

Customer Relationships @

1. Long-term service
agreements (Energy-as-
a-Service, Flexibility-as-
a-Service)-

2. Strategic partnerships

3. Digital self-service
portals

4. Shared Governance

Channels ...Q

1. Advanced digital
platforms

2. Automated market
interfaces

3. Energy

marketplaces

Customer Segments
g

&)

”n

National/internation
al Energy markets
Energy communities
Municipalities
Industrial and
commercial
customers with large
flexible portfolios
EV fleet operators
District heating
companies
Prosumers at scale
(multi-asset
households and
communities)

OV Pl ik ) B2

Cost Structure

Storage and EV infrastructure investments

R&D and innovation costs

Cybersecurity and data governance

Regulatory compliance and market participation costs
Community engagement and coordination costs
Large-scale ICT and platform investments

Q®

NOVAWN

Revenue Streams

1. VPP market revenues
V2G service revenues
Energy-as-a-Service subscription fees (licensing)
Potential Green and carbon-neutral-related Credits/revenues
Community energy service fees

Analytics and optimization service fees
Shared savings
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Along with the business model, WP3 has also identified key challenges, bottlenecks, and resource
and skills gaps that are summarized in Table 5. These challenges directly influence the feasibility and
scalability of the proposed business models, particularly in terms of regulatory constraints, invest-

ment requirements, and stakeholder coordination.

Category Specific Barriers Impact on Business Models
Intermittency & Variability of Rene- Increased operational costs, Need for costly storage/backup
wables

Technical Limitations of Energy Storage Systems High capital costs, Scalability issues, and reduced efficiency

Inadequate Grid Infrastructure

Grid instability, High modernization costs, Integration hurdles

Lack of Advanced Technologies (e.g.,

ccus)

Limited decarbonization in hard-to-abate sectors, High deploy-

ment costs

High Initial Capital Costs

Deterred private investment, Limited accessibility for low-in-

come regions

Limited Financial Incentives & Green Fi-

Weak motivation for adoption, Difficulty securing large-scale

Economic & Finan- | nancing project funding
cial Revenue Uncertainty (e.g., volatile car- Financial instability, Discouraged long-term investments
bon prices)

Socio-economic Disparities

Unaffordability for low-income households, Widened energy

access gap

Inconsistent & Fragmented Policies

Confusion, Uncertainty, Deterred long-term investments

Ineffective Enforcement & Regulatory
Policy, Regulatory,

&

Gaps

Non-compliance, Undermined regulation efficacy, Integration

hurdles

Lack of Inter-sectoral Coordination
Governance

Inefficiencies, Missed synergistic opportunities

Governance Risks (e.g., corruption)

Deterred foreign investment, Unpredictable operating environ-

ment

Behavioral & Cultural Resistance

Slow technology adoption, Entrenched practices

Aesthetic Concerns & NIMBYism

Public opposition, Project delays/cancellations

Lack of Public Engagement & Misinfor-
Social & Cultural
mation

Reduced adoption rates, Eroded trust, Dampened momentum

Workforce Skill Gaps

Impeded technology implementation, Operational inefficien-

cies

Table 5: Categorization of Key Challenges and Barriers to Regional Carbon-Neutral Energy System
Business Models

Co-funded by
the European Union

59




PEAK — WP3 Business models

Afentoulis, K. D., Bampos, Z. N., Vagropoulos, S. I., Keranidis, S. D., & Biskas, P. N. (2022). Smart
charging business model framework for electric vehicle aggregators. Applied Energy, 328,
120179. https://doi.org/10.1016/j.apenergy.2022.120179

Anthony, B. (2023). Data enabling digital ecosystem for sustainable shared electric mobility-as-a-
service in smart cities-an innovative business model perspective. Research in Transportation
Business & Management, 51, 101043. https://doi.org/10.1016/j.rtbm.2023.101043

Anthony Jnr., B. (2021). Integrating Electric Vehicles to Achieve Sustainable Energy as a Service Busi-
ness Model in Smart Cities. Frontiers in Sustainable Cities, 3, 685716.
https://doi.org/10.3389/frsc.2021.685716

Aranda, J., Tsitsanis, T., Georgopoulos, G., & Longares, J. M. (2023). Innovative Data-Driven Energy
Services and Business Models in the Domestic Building Sector. Sustainability, 15(4), 3742.
https://doi.org/10.3390/su15043742

Bara, A., & Oprea, S. V. (2025). A holistic view on business model-oriented energy communities. Ky-
bernetes, 54(2), 871-894. https://doi.org/10.1108/K-07-2023-1235

Barabino, E., Fioriti, D., Guerrazzi, E., Mariuzzo, |., Poli, D., Raugi, M., Razaei, E., Schito, E., & Thomop-
ulos, D. (2023). Energy Communities: A review on trends, energy system modelling, business
models, and optimisation objectives. Sustainable Energy, Grids and Networks, 36, 101187.
https://doi.org/10.1016/j.segan.2023.101187

Barnes, J., Hansen, P., Kamin, T., Golob, U., Darby, S., Van Der Grijp, N. M., & Petrovics, D. (2024).
Creating valuable outcomes: An exploration of value creation pathways in the business mod-
els of energy communities. Energy Research & Social Science, 108, 103398.

https://doi.org/10.1016/j.erss.2023.103398

Co-funded by
the European Union 60




PEAK — WP3 Business models

Ben-Idris, M., Brown, M., Egan, M., Huang, Z., & Mitra, J. (2021). Utility-Scale Shared Energy Storage:
Business models for utility-scale shared energy storage systems and customer participation.
IEEE Electrification Magazine, 9(4), 47-54. https://doi.org/10.1109/MELE.2021.3115558

Bessa, R. J., Pinson, P., Kariniotakis, G., Srinivasan, D., Smith, C., Amjady, N., & Zareipour, H. (2022).
Guest Editorial for the Special Section on Advances in Renewable Energy Forecasting: Pre-
dictability, Business Models and Applications in the Power Industry. IEEE Transactions on Sus-
tainable Energy, 13(2), 1166—1168. https://doi.org/10.1109/TSTE.2022.3157009

Bian, Y., Xie, L., Ye, J., & Ma, L. (2024). A new shared energy storage business model for data center
clusters considering energy storage degradation. Renewable Energy, 225, 120283.
https://doi.org/10.1016/j.renene.2024.120283

Bolton, R., & Hannon, M. (2016). Governing sustainability transitions through business model inno-
vation: Towards a systems understanding. Research Policy, 45(9), 1731-1742.
https://doi.org/10.1016/j.respol.2016.05.003

Brandt, T., Wagner, S., & Neumann, D. (2017). Evaluating a business model for vehicle-grid integra-
tion: Evidence from Germany. Transportation Research Part D: Transport and Environment,
50, 488-504. https://doi.org/10.1016/j.trd.2016.11.017

Brown, D., Hall, S., & Davis, M. E. (2019). Prosumers in the post subsidy era: An exploration of new
prosumer business models in the UK. Energy Policy, 135, 110984.
https://doi.org/10.1016/j.enpol.2019.110984

Brzéska, J., Knop, L., Odlanicka-Poczobutt, M., & Zuzek, D. K. (2022). Antecedents of Creating Busi-
ness Models in the Field of Renewable Energy Based on the Concept of the New Age of In-

novation. Energies, 15(15), 5511. https://doi.org/10.3390/en15155511

Co-funded by
the European Union 61




PEAK — WP3 Business models

Budde Christensen, T., Wells, P., & Cipcigan, L. (2012). Can innovative business models overcome
resistance to electric vehicles? Better Place and battery electric cars in Denmark. Energy Pol-
icy, 48, 498-505. https://doi.org/10.1016/j.enpol.2012.05.054

Burger, S., Chaves-Avila, J. P., Batlle, C., & Pérez-Arriaga, I. J. (2017). A review of the value of aggre-
gators in electricity systems. Renewable and Sustainable Energy Reviews, 77, 395-405.
https://doi.org/10.1016/j.rser.2017.04.014

Burger, S. P.,, & Luke, M. (2017a). Business models for distributed energy resources: A review and
empirical analysis. Energy Policy, 109, 230-248.
https://doi.org/10.1016/j.enpol.2017.07.007

Burger, S. P., & Luke, M. (2017b). Business models for distributed energy resources: A review and
empirical analysis. Energy Policy, 109, 230-248. https://doi.org/10.1016/j.en-
pol.2017.07.007

Campaigne, C., & Oren, S. S. (2016). Firming renewable power with demand response: An end-to-
end aggregator business model. Journal of Regulatory Economics, 50(1), 1-37.
https://doi.org/10.1007/s11149-016-9301-y

Chasin, F., Paukstadt, U., Gollhardt, T., & Becker, J. (2020). Smart energy driven business model inno-
vation: An analysis of existing business models and implications for business model change
in the energy sector. Journal of Cleaner Production, 269, 122083.
https://doi.org/10.1016/j.jclepro.2020.122083

Chen, D., Jing, Z., & Tan, H. (2019). Optimal Bidding/Offering Strategy for EV Aggregators under a
Novel Business Model. Energies, 12(7), 1384. https://doi.org/10.3390/en12071384

Chen, Y., & Zhao, C. (2022). Review of energy sharing: Business models, mechanisms, and prospects.

IET Renewable Power Generation, 16(12), 2468—2480. https://doi.org/10.1049/rpg2.12438

Co-funded by
the European Union

62




PEAK — WP3 Business models

Cielo, A., Margiaria, P., Lazzeroni, P., Mariuzzo, |., & Repetto, M. (2021). Renewable Energy Commu-
nities business models under the 2020 Italian regulation. Journal of Cleaner Production, 316,
128217. https://doi.org/10.1016/j.jclepro.2021.128217

Dossow, P., & Kern, T. (2022). Profitability of V2X under uncertainty: Relevant influencing factors and
implications  for  future business models. Energy Reports, 8, 449-455.
https://doi.org/10.1016/j.egyr.2022.10.324

D’Souza, A., Bouw, K., Velthuijsen, H., Huitema, G. B., & Wortmann, J. C. (2018). Designing viable
multi-commodity energy business ecosystems: Corroborating the business model design
framework for viability. Journal of Cleaner Production, 182, 124-138.
https://doi.org/10.1016/j.jclepro.2018.01.256

Engelken, M., Romer, B., Drescher, M., Welpe, I. M., & Picot, A. (2016). Comparing drivers, barriers,
and opportunities of business models for renewable energies: A review. Renewable and Sus-
tainable Energy Reviews, 60, 795—-809. https://doi.org/10.1016/j.rser.2015.12.163

Facchinetti, E., Eid, C., Bollinger, A., & Sulzer, S. (2016). Business Model Innovation for Local Energy
Management: A Perspective from Swiss Utilities. Frontiers in Energy Research, 4.
https://doi.org/10.3389/fenrg.2016.00031

F.G. Reis, |., Goncalves, I., A.R. Lopes, M., & Henggeler Antunes, C. (2021). Business models for energy
communities: A review of key issues and trends. Renewable and Sustainable Energy Reviews,
144, 111013. https://doi.org/10.1016/j.rser.2021.111013

Fioriti, D., Frangioni, A., & Poli, D. (2021). Optimal sizing of energy communities with fair revenue
sharing and exit clauses: Value, role and business model of aggregators and users. Applied

Energy, 299, 117328. https://doi.org/10.1016/j.apenergy.2021.117328

Co-funded by
the European Union 63




PEAK — WP3 Business models

Funkhouser, E., Blackburn, G., Magee, C., & Rai, V. (2015). Business model innovations for deploying
distributed generation: The emerging landscape of community solar in the U.S. Energy Re-
search & Social Science, 10, 90-101. https://doi.org/10.1016/j.erss.2015.07.004

Gillstrom, H., Bjorklund, M., Stahre, F., & Abrahamsson, M. (2024). Wired for change: Sustainable
business models in the transition towards electrified road freight transport. Cleaner Logistics
and Supply Chain, 13, 100185. https://doi.org/10.1016/j.clscn.2024.100185

Gitelman, L., & Kozhevnikov, M. (2023). New Business Models in the Energy Sector in the Context of
Revolutionary Transformations. Sustainability, 15(4), 3604.
https://doi.org/10.3390/su15043604

Goncearuc, A., Sapountzoglou, N., De Cauwer, C., Coosemans, T., Messagie, M., & Crispeels, T. (2022).
An integrative approach for business modelling: Application to the EV charging market. Jour-
nal of Business Research, 143, 184-200. https://doi.org/10.1016/j.jbusres.2021.12.077

Goncearuc, A., Sapountzoglou, N., De Cauwer, C., Coosemans, T., Messagie, M., & Crispeels, T. (2023).
Profitability Evaluation of Vehicle-to-Grid-Enabled Frequency Containment Reserve Services
into the Business Models of the Core Participants of Electric Vehicle Charging Business Eco-
system. World Electric Vehicle Journal, 14(1), 18. https://doi.org/10.3390/wevj14010018

Gordijn, J., & Akkermans, H. (2007). Business models for distributed generation in a liberalized mar-
ket environment. Electric  Power  Systems  Research, 77(9), 1178-1188.
https://doi.org/10.1016/j.epsr.2006.08.008

Gunarathna, M. A. C. L., Yang, R. J., & Song, A. (2022). Diverse distributed renewable energy trading
paradigms: A business model review. Journal of Environmental Planning and Management,

65(1), 1-36. https://doi.org/10.1080/09640568.2021.1877640

Co-funded by
the European Union 64




PEAK — WP3 Business models

Hamelink, M., & Opdenakker, R. (2019). How business model innovation affects firm performance in
the energy storage market. Renewable Energy, 131, 120-127.
https://doi.org/10.1016/j.renene.2018.07.051

Hamwi, M., Lizarralde, I., & Legardeur, J. (2021). Demand response business model canvas: A tool
for flexibility creation in the electricity markets. Journal of Cleaner Production, 282, 124539.
https://doi.org/10.1016/j.jclepro.2020.124539

Han, O., Ding, T., Zhang, X., Mu, C., He, X., Zhang, H., Jia, W., & Ma, Z. (2023). A shared energy storage
business model for data center clusters considering renewable energy uncertainties. Renew-
able Energy, 202, 1273-1290. https://doi.org/10.1016/j.renene.2022.12.013

Hargroves, K., James, B., Lane, J., & Newman, P. (2023). The Role of Distributed Energy Resources
and Associated Business Models in the Decentralised Energy Transition: A Review. Energies,
16(10), 4231. https://doi.org/10.3390/en16104231

He, K., Jia, H., My, Y., Yu, X., Zhou, Y., Wu, J., & Dong, X. (2025). Leasing Business Model for Truck
Mobile Charging Stations: From the View of Operators. /EEE Transactions on Transportation
Electrification, 11(4), 8811-8823. https://doi.org/10.1109/TTE.2025.3557026

Helms, T., Loock, M., & Bohnsack, R. (2016). Timing-based business models for flexibility creation in
the electric power sector. Energy Policy, 92, 348-358.
https://doi.org/10.1016/j.enpol.2016.02.036

Huijben, J. C. C. M., Verbong, G. P. J., & Podoynitsyna, K. S. (2016). Mainstreaming solar: Stretching
the regulatory regime through business model innovation. Environmental Innovation and So-

cietal Transitions, 20, 1-15. https://doi.org/10.1016/j.eist.2015.12.002

Co-funded by
the European Union 65




PEAK — WP3 Business models

lazzolino, G., Sorrentino, N., Menniti, D., Pinnarelli, A., De Carolis, M., & Mendicino, L. (2022). Energy
communities and key features emerged from business models review. Energy Policy, 165,
112929. https://doi.org/10.1016/j.enpol.2022.112929

Iria, J., & Soares, F. (2023). An energy-as-a-service business model for aggregators of prosumers.
Applied Energy, 347, 121487. https://doi.org/10.1016/j.apenergy.2023.121487

Kahla, F. (2017). Implementation of a balanced scorecard for hybrid business models —an application
for citizen renewable energy companies in Germany. International Journal of Energy Sector
Management, 11(3), 426—443. https://doi.org/10.1108/1JESM-09-2016-0004

Kalair, A. R., Dilshad, S., Abas, N., Seyedmahmoudian, M., Stojcevski, A., & Koh, K. (2021). Application
of Business Model Canvas for Solar Thermal Air Conditioners. Frontiers in Energy Research,
9, 671973. https://doi.org/10.3389/fenrg.2021.671973

Karneyeva, Y., & Wiistenhagen, R. (2017). Solar feed-in tariffs in a post-grid parity world: The role of
risk, investor diversity and business models. Energy Policy, 106, 445-456.
https://doi.org/10.1016/j.enpol.2017.04.005

Kim, J., & Yang, B. (2021). A Smart City Service Business Model: Focusing on Transportation Services.
Sustainability, 13(19), 10832. https://doi.org/10.3390/su131910832

Kubli, M., & Puranik, S. (2023). A typology of business models for energy communities: Current and
emerging design options. Renewable and Sustainable Energy Reviews, 176, 113165.
https://doi.org/10.1016/j.rser.2023.113165

Kifeoglu, S., & Ugler, S. (2021). Designing the business model of an energy Datahub. The Electricity
Journal, 34(2), 106907. https://doi.org/10.1016/j.tej.2020.106907

Leelasantitham, A. (2020). A Business Model Guideline of Electricity Utility Systems Based on Block-

chain Technology in Thailand: A Case Study of Consumers, Prosumers and SMEs. Wireless

Co-funded by
the European Union 66




PEAK — WP3 Business models

Personal Communications, 115(4), 3123-3136. https://doi.org/10.1007/s11277-020-07202-
8

Li, J., Wang, Y., Liu, Z., Cai, X., & Xie, W. (2022). Joint optimal strategies on service investment and
drug pricing for a two-sided online pharmaceutical platform. International Journal of Produc-
tion Economics, 252, 108556. https://doi.org/10.1016/j.ijpe.2022.108556

Lombardi, P., & Schwabe, F. (2017). Sharing economy as a new business model for energy storage
systems. Applied Energy, 188, 485-496. https://doi.org/10.1016/j.apenergy.2016.12.016

Loock, M. (2012). Going beyond best technology and lowest price: On renewable energy investors’
preference for service-driven business models. Energy Policy, 40, 21-27.
https://doi.org/10.1016/j.enpol.2010.06.059

Lépez, |., Goitia-Zabaleta, N., Milo, A., Gdmez-Cornejo, J., Aranzabal, |., Gaztafiaga, H., & Fernandez,
E. (2024). European energy communities: Characteristics, trends, business models and legal
framework.  Renewable and  Sustainable  Energy  Reviews, 197, 114403.
https://doi.org/10.1016/j.rser.2024.114403

Lovati, M., Zhang, X., Huang, P., Olsmats, C., & Maturi, L. (2020). Optimal Simulation of Three Peer
to Peer (P2P) Business Models for Individual PV Prosumers in a Local Electricity Market Using
Agent-Based Modelling. Buildings, 10(8), 138. https://doi.org/10.3390/buildings10080138

Lu, X., Li, K., Xu, H., Wang, F., Zhou, Z., & Zhang, Y. (2020). Fundamentals and business model for
resource aggregator of demand response in electricity markets. Energy, 204, 117885.
https://doi.org/10.1016/j.energy.2020.117885

Lynch, P.,, Power, J., Hickey, R., & Messervey, T. (2017). Business model strategies: Flexibility trade in
emerging low voltage distribution networks. Entrepreneurship and Sustainability Issues, 4(3),

380-391. https://doi.org/10.9770/jesi.2017.4.35(12)

Co-funded by
the European Union 67




PEAK — WP3 Business models

Ma, Z., Billanes, J., & J@rgensen, B. (2017). Aggregation Potentials for Buildings—Business Models of
Demand Response and Virtual Power Plants. Energies, 10(10), 1646.
https://doi.org/10.3390/en10101646

Mir Mohammadi Kooshknow, S. A. R., & Dauvis, C. B. (2018). Business models design space for elec-
tricity storage systems: Case study of the Netherlands. Journal of Energy Storage, 20, 590—
604. https://doi.org/10.1016/j.est.2018.10.001

Montakhabi, M., Van Zeeland, I., & Ballon, P. (2022). Barriers for Prosumers’ Open Business Models:
A Resource-Based View on Assets and Data-Sharing in Electricity Markets. Sustainability,
14(9), 5705. https://doi.org/10.3390/su14095705

Nieuwenhuis, P. (2018). Alternative business models and entrepreneurship: The case of electric ve-
hicles. The International Journal of Entrepreneurship and Innovation, 19(1), 33-45.
https://doi.org/10.1177/1465750317752885

O’Shaughnessy, E., Barbose, G., Wiser, R., Forrester, S., & Darghouth, N. (2020). The impact of poli-
cies and business models on income equity in rooftop solar adoption. Nature Energy, 6(1),
84-91. https://doi.org/10.1038/s41560-020-00724-2

Osterwalder, A., & Pigneur, Y. (2013). Business model generation: A handbook for visionaries, game
changers, and challengers. Wiley&Sons.

Park, S., Cho, K., Kim, S., Yoon, G., Choi, M.-I., Park, S., & Park, S. (2021). Distributed Energy loT-Based
Real-Time Virtual Energy Prosumer Business Model for Distributed Power Resource. Sensors,
21(13), 4533. https://doi.org/10.3390/s21134533

Paukstadt, U., & Becker, J. (2021). Uncovering the business value of the internet of things in the
energy domain — a review of smart energy business models. Electronic Markets, 31(1), 51—

66. https://doi.org/10.1007/s12525-019-00381-8

Co-funded by
the European Union

68




PEAK — WP3 Business models

Paul, D., Mishra, D. K., & Dordi, A. (2021). Commercializing Battery Storage for Integration of Renew-
able Energy in India: An Insight to Business Models. International Journal of Sustainable De-
velopment and Planning, 16(4), 783—789. https://doi.org/10.18280/ijsdp.160419

Pitt, J., & Nolden, C. (2020). Post-Subsidy Solar PV Business Models to Tackle Fuel Poverty in Multi-
Occupancy Social Housing. Energies, 13(18), 4852. https://doi.org/10.3390/en13184852

Rieksta, M., Bazbauers, G., Blumberga, A., & Blumberga, D. (2021). Mapping of New Business Models
in Domains of Technologies and Energy for Modelling of Dynamics of Clean Energy Transition.
Environmental and Climate Technologies, 25(1), 1152—1164. https://doi.org/10.2478/rtuect-
2021-0087

Robinson, J., Brase, G., Griswold, W., Jackson, C., & Erickson, L. (2014). Business Models for Solar
Powered Charging Stations to Develop Infrastructure for Electric Vehicles. Sustainability,
6(10), 7358-7387. https://doi.org/10.3390/su6107358

Rodrigues, L., Coelho, F., Mello, J., & Villar, J. (2025). Digital platforms to support the flexibility value
chain, run flexibility markets, and manage energy communities. Current Sustainable/Renew-
able Energy Reports, 12(1), 15. https://doi.org/10.1007/s40518-025-00264-x

Sabyasachi, S., Singh, A. R., Godse, R., Jaiswal, S., Bajaj, M., Srivastava, I., Blazek, V., Prokop, L., &
Misak, S. (2024). Reimagining E-mobility: A holistic business model for the electric vehicle
charging ecosystem. Alexandria Engineering Journal, 93, 236-258.
https://doi.org/10.1016/j.aej.2024.03.004

Schwidtal, J. M., Piccini, P.,, Troncia, M., Chitchyan, R., Montakhabi, M., Francis, C., Gorbatcheva, A.,
Capper, T., Mustafa, M. A., Andoni, M., Robu, V., Bahloul, M., Scott, I. J., Mbavarira, T., Espafia,
J. M., & Kiesling, L. (2023). Emerging business models in local energy markets: A systematic

review of peer-to-peer, community self-consumption, and transactive energy models.

Co-funded by
the European Union 69




PEAK — WP3 Business models

Renewable and Sustainable Energy Reviews, 179, 113273.
https://doi.org/10.1016/j.rser.2023.113273

Sisinni, M., Noris, F., Smit, S., Messervey, T., Crosbie, T., Breukers, S., & Van Summeren, L. (2017).
Identification of Value Proposition and Development of Innovative Business Models for De-
mand Response Products and Services Enabled by the DR-BOB Solution. Buildings, 7(4), 93.
https://doi.org/10.3390/buildings7040093

Sovacool, B. K., Kester, J., Noel, L., & Zarazua De Rubens, G. (2020). Actors, business models, and
innovation activity systems for vehicle-to-grid (V2G) technology: A comprehensive review.
Renewable and Sustainable Energy Reviews, 131, 109963.
https://doi.org/10.1016/j.rser.2020.109963

Sutek, A., & Borowski, P. F. (2024). Business Models on the Energy Market in the Era of a Low-Emis-
sion Economy. Energies, 17(13), 3235. https://doi.org/10.3390/en17133235

Tongsopit, S., Moungchareon, S., Aksornkij, A., & Potisat, T. (2016). Business models and financing
options for a rapid scale-up of rooftop solar power systems in Thailand. Energy Policy, 95,
447-457. https://doi.org/10.1016/j.enpol.2016.01.023

V. R. Faria, M. L. Magalhaes, D. P. Neto, & E. G. Domingues. (2024). Economic Viability of Business
models for Photovoltaic solar generation in Brazil: Studies of cases. RE&PQJ, 16(3).
https://doi.org/10.24084/repqj18.304

Woijtaszek, H. (2025). Energy Transition 2024—-2025: New Demand Vectors, Technology Oversupply,
and Shrinking Net-Zero 2050 Premium. Energies, 18(16), 4441,

https://doi.org/10.3390/en18164441

Co-funded by
the European Union

70




PEAK — WP3 Business models

Yu, G., Chen, W., Wang, J., & Hu, Y. (2022). Research on Decision-Making for a Photovoltaic Power
Generation Business Model under Integrated Energy Services. Energies, 15(15), 5665.

https://doi.org/10.3390/en15155665

Co-funded by
the European Union 71




