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Abstract
D1.6 Use Cases and Business Models Vision I is a base document that aligns the project concept, approach,
technical solutions and the business context. A project vision and storyline are established which guide
optimization strategies, technical development and business model development. The scope of Mas2tering is
described using the Universal Smart Energy Framework (USEF) as a reference framework for market
design, actor interactions and common flexibility services between the actors. How Mas2tering fits into grid
operational regimes and market processes is described with a user story from the DSO perspective. The
approach to business model development is detailed and 19 business model opportunities are identified in
various clusters. These business models are then mapped into the project use cases. From a combination of
the approach, technical solutions and business model opportunities, the report finishes with the elicitation of
high level requirements and a first market analysis to assess the feasibility of the proposed solutions in the
targeted markets of Belgium, France, Italy, the UK and Ireland.
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Executive summary
Mas2tering develops multi-agent system (MAS) ICT solutions that enable flexibility management within the
low-voltage part of the electricity distribution network where decentralized decision making will bring value
and competitiveness. Consistent with recent communications from the commission, the project puts
prosumers first, provides them access to the energy market in new ways, and provides flexibility
management solutions for the grid’s most pressing challenge – capacity management. Key aspects to this
report are highlighted as follows:
Mas2tering Vision:
The creation of local communities of prosumers fully empowered to participate in the electricity market at
the low voltage substation level of the smart grid.
Mas2tering 3-Level Storyline:
1. A prosumer is empowered to optimize energy flows within his/her home via the self-consumption of
the energy generated from distributed energy resources, peak shifting, flexibility sales and/or energy
storage.
2. A local community of prosumers is enabled by an aggregator to collectively optimize energy flows
inside the district in the absence of grid constraints.
3. A local community of prosumers is enabled by an aggregator to collectively optimize energy flows
inside the district in the presence of grid constraints.
The 3-level storyline facilitates optimization algorithm development, use case development and the shaping
of business model opportunities. The use cases align with the three levels of the storyline.
Two Optimization Objectives:
1. Reducing prosumer energy bills
2. Enhance local grid efficiency by focusing on DSO capacity management
Positioning & Scope:
•

Mas2tering aligns with USEF for project purposes

•

Mas2tering develops solutions for the Normal and Capacity Management operational regimes of grid
operations

•

Mas2tering is active during the Plan, Validate and Operate phases of grid market processes

•

Mas2tering focuses first on roles, actors and services in the low voltage part of the grid (Prosumer,
Aggregator, and DSO) and extends to the upstream value chain via flexibility sales on the flexibility
market.

Mas2tering Business Models:
•

A flow analysis (energy, data, revenue) is used to identify business model strategies and
collaboration opportunities.

•

The system-level business model is a multi-sided platform-based business model. This is consistent
with recent advances toward smart grid business model development work [1].

•

19 business model opportunities are identified. They are categorized as primary and supporting.
They are clustered by (Primary): flexibility as a product, in-home optimization services, flexibility
services to the DSO, joint services business models, and (Supporting): knowledge and data services,
telecom services, security services and referral services.
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High Level Requirements:
•

High level requirements map across architecture design, technical development, validation activities
and the business context

•

21 high level requirements are identified for further consideration and use in the project.

Market & Feasibility Analysis:
•

Market analysis is carried out across the seven categories of Energy Market Policy, DSO Market
Policy, distribution proportion of energy bill, tariff Structures, penetration of DER, penetration of
electric vehicles and heat pumps, and the penetration of white goods.

•

A weighting scheme is developed that assigns different levels of importance across the parameters,
based on their relevance to Mas2tering potential impact.

•

The weighting scheme is used to score the target markets with respect to which ones are most
appropriate for Mas2tering solutions. Belgium and France top the list.

Next steps in Mas2tering business model development work include a deepening of business strategy and
collaboration opportunity identification in order to shape combinations of the 19 business model
opportunities into realizations of the multi-sided business model into specific business cases. In parallel,
market analysis will continue with focus on developing the methodology and information necessary to
support quantified analysis of the business cases and final development of the Mas2tering business models.
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1

Introduction

1.1

Needs and Opportunities

Demand Response and Flexibility Concepts
Electrical grid flexibility (Section 2.3) is the result demand response (changes in consumption in response to
changes in price over time) and involves the management of loads, generation or storage to a more
favourable time for either the prosumer or grid. The most common approaches to value flexibility are:
•
•
•
•

Feed in tariffs lower than the retail price (already implemented in some EU countries)
Limit to the allowed exported power to the grid
Inclusion of a capacity component in the bill (kW) combined with traditional volumetric tariff
(kWh)
Time of Use charges: variable prices at different time intervals during the day or between types of
days

Smaller commercial and residential customers account for between ½ and ⅓ of total electricity consumption
in most International Energy Agency (IEA) markets, and represent the greatest need and opportunity for
demand response [2]. However, they have relatively weak financial incentives for participation [3].
Demand response programs that blend together customer education initiatives, enabling technology
investments, and carefully designed time-varying rates can achieve demand impacts that can alleviate the
pressure (reliability, high capacity costs, achieving least cost of operation, etc.) on the power system [4].
Individuals and local communities can help in maintaining energy security, tackling climate change and
keeping costs down for consumers. Consumers are worried about energy bills and community energy
projects are one way of helping people. According to Research for DECC from January 2014, 51% of
people said that they would be motivated to get involved in community energy if they could save money on
their energy bill. Such activities, as identified in the UK Community Energy Strategy include [5]:
•
•
•
•

Generating energy (electricity or heat)
Reducing energy use (saving energy through energy efficiency and behaviour change)
Managing energy (balancing supply and demand)
Purchasing energy (collective purchasing or switching to save money on energy)

The Working Group (WG) Consumers as Energy Market Actors in 2015 reported “26% of all EU energy is
consumed by households. For electricity, more efficient appliances are expected to save consumers €100
billion annually by 2020 on their energy bills, equivalent to €465 per household.” A “new service sector”
has emerged in the energy value chain, with the actor at the helm of the service provisioning being dubbed
“Next Generation Intermediaries.” This actor intermediates between Consumers / Prosumers and the energy
market “to rebalance power asymmetries within a market and create a much more demanding demand side.”
[6].
Consumer loads can either be manually controlled (i.e. in-home displays or remote control via mobile
phones) by the customer, or can more recently be controlled directly by pre-programmed, automated
appliances that can be activated by both technical and price signals [7]. Residential customer involvement is
enhanced by a trend towards automation of appliances [8, 9], reflected by pilot projects such as Linear [10],
and ADDRESS [11], which use automated smart appliances at the demand side to attain more flexibility in
the electricity system. Moreover, industrial interest from the telecom, energy and household appliance sector
to automate appliances is growing [12] although the flexibility potential of white good appliances is still
generally limited [13].
The need for demand to follow generation, improving LV-grid planning and increase local self-consumption
During an interview with an IEEE Fellow, Stefano Galli, he remarked:
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“The power grid is the only commodity delivery system in the world that has a production-toconsumption cycle time of zero. It is (ideally) a perfect just-in-time system where generation and
demand must be balanced at every instant.”
In reality however, since demand is not accurately predictable with significant advance, specific participants
to the energy market are generally asked to guarantee a certain excess of generation or consumption to cope
with real-time balancing fluctuations and variations from forecasted demand. These balancing operations,
which go under the name of dispatching services, are coordinated at national level and generally involve the
execution of secondary energy markets in which this excess of energy is sold & bought; then, as part of the
dispatching activities, part of this excess is used on a real-time basis to ensure balance between generation
and actual demand. Reducing the uncertainties regarding forecasted demand, in other terms reducing the
additional energy required for the dispatching services, may represent a value proposition that if unlocked
through ICT tools that enable self-consumption and local energy sharing (flexibility trade), could be
logically dispersed between grid actors and stakeholders, with the consumers at the forefront of profitability.
The need for renewable capacity, and capacity management at LV level
Trends toward urbanization, increased electrification and the increased penetration of distributed energy
resources (DER) are placing additional demand on Europe’s electrical infrastructure, which has at every
point a finite capacity. Offsetting demand increases are trends that decrease capacity demand such as
increased energy efficiency of homes and devices and the shifting of electrical consumption from periods of
higher demand to periods of lower demand. Adding complexity, it is a reasonable assumption that new
technological breakthroughs will emerge in the near to mid-term future that change electrical demand in
either an increasing or decreasing way. The challenges are especially sharp at the low voltage (LV) level
where DSOs may have limited visibility upon and no ability to control the types of appliances, storage or
generation technologies their customers are connecting to the grid. In such an environment, to be prepared to
operate, maintain and plan electrical networks, grid operators at all levels need a variety of tools at their
disposal. Flexibilities within the grid are one of these tools and the ability to leverage them to mitigate
potential points of congestion is one way to make better use of the existing grid capacity and to defer or
avoid costly grid reinforcements.
The need for and emergence of monitoring, control and analytical technologies
Improving and/or optimizing the grid in its “classical” sense present significant challenges in terms of
monitoring, communications, and control. This has already increased as renewable energy technologies of
different sizes and types, from various actors and stakeholders, within different levels of the grid architecture
have become more prevalent and are contributing intermittently to the grid [14].
The need for monitoring, communication and control increases even more as we look toward the future
smart grid where increased bi-directional information and signals between grid actors enables an
optimization of supply and demand coupled with the increased electrification of homes and vehicles. DSOs
in particular have a challenge to upgrade communication networks that incorporate new design features that
address flexibility concepts [15]. All this suggests a greater need for a collaborative approach in grid
management backed by multi-source agreements and new business models [16, 17].
On the positive side, advances in monitoring, metering and sensing technologies and reductions in their cost
are reducing the barriers to grid system improvements. White goods enabled by wireless connectivity
coupled to home energy boxes are entering the market.
The need for consumer empowerment and consumer choice
Potentially, the greatest change in the electrical market relates to the consumer. Classically a passive actor in
the system with limited choices, consumer behaviours and consumer choices are now changing to where
they are in a decision making and leading role. Factors surrounding this include the internet of things
making data between devices available and communicated to smart phones, access and attention to energy
labels, energy efficiency and environmental consciousness, a sharp decline in the price of renewable energy
technologies, a willingness and normalcy to switching service providers (phone, internet, TV, energy), an
anticipated consumer shift toward electric vehicles and other factors. Moreover, consumers are becoming
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prosumers as the falling costs of DER have given them increased access to tools to help them manage their
net energy profile.
Into these needs and opportunities, Mas2tering is proposing the technical and business frameworks to
support local communities of prosumers in optimizing their individual and collective participation in the
grid. They will be facilitated by aggregators and use Mas2tering technologies in the home and at the
aggregator level.

1.2

Background – the supporting call topic

Mas2tering responds to FP7 call topic “ICT-2013.6.1 Smart Energy Grids [18]” which had as core aspects:
•

“Bringing together stakeholders from both the energy utilities and the telecom sector to develop
common approaches for future digital networks and smart energy services infrastructure for
electricity distribution”

•

“Intelligent systems built over existing and future telecommunication networks and services that will
assist in the management of the electricity distribution grid in an optimized, controlled and secure
manner.”

•

“Sharing of backbone infrastructure and last mile connectivity, considering not only technologies
but also the appropriate business models to deliver significant cost and investment savings.”

The project is motivated by the need for Europe to transition its energy markets (generation, distribution and
consumption) into smart energy systems that support bi-directional flows of energy and information, the
increased penetration of distributed energy resources (DER), and the optimization of energy flows in a safe,
reliable, secure and affordable way. This transition is characterized by the emergence of smart grid
technologies to facilitate information and power flows, assets such as DER, electric vehicles, and storage
that are closer to the end user and typically part of the low-voltage network. It also includes consumers and
prosumers in which they offer flexibility to the grid and this reshaping of the industry value chain enables
new participants and new business models [1]. To facilitate and to help shape this transition, the EU has
mandated standardization activities through the European Smart Grid Task Force [15] which has published a
series of recent reports and recommendations related to smart grid standards as well as regulatory, policy
and implementation aspects. Key amongst them is the M490 mandate and documents surrounding the Smart
Grid Architecture Model (SGAM) and flexibility management [19, 20].
Annex A provides a glossary of terms, which define the actors and concepts relevant to this report.

The Mas2tering Project

1.3

The goal of Mas2tering is to develop an innovative information and communication technology (ICT)
platform for the monitoring and optimal management of low-voltage distribution grids, by integrating last
mile connectivity solutions with distributed optimisation technologies, while enhancing the security of
increased bi-directional communications. The project also aims at enabling new collaboration opportunities
between grid operators, telecom and energy companies, both from technology and business perspectives.
Aspects that make Mas2tering unique are:
•

•
•
•
•

•

Creation of local communities of prosumers at the local level who are empowered to optimize their
in-home consumption, generation and storage and to sell flexibility to upstream actors that enables
network efficiencies.
Use of Multi-Agent System (MAS) as an optimization tool for flexibility management at local level
Interoperability between smart gateway and smart meters to enable flexibility management
Security solutions that make data communication aspects secure and reliable
Business models that give evidence to the value of leveraging combined energy and telecom
infrastructure using LV flexibility management and resulting in a more efficient energy system and
better deal for consumers
Collaboration within the Universal Smart Energy Framework (USEF)
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A short video explaining the main concepts of Mas2tering is available on the project webpage at
www.mas2tering.eu.

1.4

Scope of this report

This report is the first step in the project toward outlining the business models. It aims to define a common
starting point for the commercialization of flexibility in LV networks. To do so, the document:
•
•
•

Provides the vision, positioning, approach and scope of Mas2tering within the context of smart grid
research (Chapter 2)
Describes the Mas2tering business model approach, opportunities and perspectives of the project
industrial partners (Chapter 3)
Using the technical and business approaches coupled with stakeholder feedback, identifies highlevel requirements and assesses conducts an initial feasibility assessment across the project target
markets (Chapter 4)

In this first report (year one), the vision, framework and initial business models are documented. At the
conclusion of year 2, a second report is produced that continues business model development with focus on
business strategies and collaboration opportunities. At the conclusion of year 3, final business model
development work will be documented with the target to arriving to business cases (quantitative analysis)
relevant to the industrial partners. Each of the three deliverables will be public (or have a publishable
summary) available on the project webpage. Business model development is supported by four workshops
that target business convergence and Mas2tering smart grid technologies. At the time of this report, two
workshops have been held. The first was hosted by Telecom Italia and focused on business convergence.
The second was hosted by ENGIE and focused on smart grid technologies. These reports are available at the
project webpage as Deliverables 1.1 and 1.2 respectively.
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2

Mas2tering Vision, Positioning and Scope for Use Case and
Business Model Development

2.1

Mas2tering Vision: Creating local communities of prosumers

The European Parliament’s Committee on Industry, Research, and Energy in 2009 declared that all new
construction built after 2019 should be able to produce energy on-site. This impacts not only the MV-grid
connected (Industrial sector) parties but also fosters the uptake of nearly zero and zero energy buildings for
residential and commercial dwellers as well (LV-grid connected parties), the focal end-user of Mas2tering.
IEEE/EEEIC in 2011 published a paper written by Melo, H. and Heinrich, C., entitled “Energy Balance in a
Renewable Energy Community.” It contains the case in point for the Mas2tering business model vision: “As
households take power into their own hands, they tend to self-organize and form an energy community.”
Many examples of modern energy communities that have successfully reduced consumption and integrated
DER (and/or renewable farms where citizens have a stake) can be found across EU, such as in Germany
(EWS in Schonau), or in Belgium (Flanders) where the REScoop 20-20-20 Project coordinated by Ecopower
registered a 46% reduction on the energy consumption of its members in 6 years. In fact, according to
treehugger.com “Over half of Germany’s renewable energy is owned by citizens & farmers, not Utility
companies.”
The collectivization of flexibility as a publicly traded commodity also interests private investment, not only
for economical gain, but also for a contribution to long-term security of supply, consumer empowerment,
and renewable infrastructure/DER penetration enhancement.
Communications published in 2015 from the commission call for a new design of the European energy
markets [21] and a new deal for energy consumers [22]. Highlights from these documents include:
•

•

•

•

•

Success in the enabling of increased competition and
cross border flows of electricity with anticipated
increased penetration at the retail level
Success in the generation of electricity from renewable
sources with anticipated increased penetration at the retail
level
The need for a new design of how electricity markets are
organized to fully integrate flexible demand,
decentralized generation, the increased number of market
players and changes to traditional market roles
The empowerment of European citizens to take
ownership of the energy transition by using smart grid
technologies to reduce their bills and participate actively
in the market.
A three pillar strategy to delivering the new deal
consisting of (1) Empowering consumers to act via better
information, increased choices related to suppliers,
flexibility and self-generation and self-consumption
while maintaining full protection of rights (2) Making
smart homes and networks a reality and (3) Special
attention to data management and protection.

Figure 1. Simplified view of the
traditional electricity distribution system
[23]

Europe’s electricity markets, transmission and distribution
systems are extensive and complex. One simplified view of the “classical” or “traditional” grid along one
radial line is shown in Figure 1. In Mas2tering, we focus on a very specific portion of the grid, which is at
the focal point of the referenced EU Communications. It is the low voltage (LV) portion of the grid from the
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last transformer (low voltage substation) to consumers it serves at the end of the line. This leads to the
Mas2tering project vision:
Mas2tering Vision
The creation of local communities of prosumers fully empowered to participate in the electricity market at
the low voltage substation level of the smart grid.
Within this portion of the grid, lie the most pressing challenge and opportunity facing the grid today. In very
brief terms, the challenge is that increased electrification at the domestic level coupled to the increased
presence of distributed energy resources (DER) places additional capacity demand on the LV part of the
grid. When flows in both directions become too large this is called congestion, the system faces a risk and
management actions are required. This portion is managed by a distribution system operator (DSO) and
increased capacity demand has the potential to require significant imminent investment into grid
reinforcements to maintain and ensure reliable distribution services [24].
The opportunity is to resolve or mitigate these challenges is through the harnessing of ICT for automating
changes in how and when consumers / prosumers consume, generate or store electricity. If homes can
collectively level their demand load profile, then the available capacity at the LV level (and indirectly at
higher voltages) can be optimized.
To bring this opportunity to a reality, a new role of a flexibility manager [25] or aggregator [26] is foreseen
in the energy market to act as an intermediator and facilitating agent between prosumers and traditional
market players.
“Considering that intermediation in energy is expected to become a more important and pronounced
activity in the years to come, policy makers and regulators will need to ensure that the regulatory
framework is fit to address their role and that these services are covered by an active demand and
response (ADR) system, such as an independent energy ombudsman.” [6]
The role being developed by Mas2tering is the one that combines the main aspects of flexibility management
[7, 25] and aggregation [26] dubbed the Local Flexibility Aggregator (LFA), and the concepts surrounding it
are explained in this report. However, with respect to the vision, it is this new role that will directly make
use of the Mas2tering ICT platform to optimize the collective interactions between consumer, prosumers,
and the LV-grid. To do that, in-home technologies are needed that can interact with the ICT platform, and
intelligent decision making algorithms are required to orchestrate the demand, supply and storage actions of
a large number of homes and a larger number of devices in those homes.
Figure 2 shows a close-up image of the LV part of the grid addressed by Mas2tering. DSOs manage multiple
LV substations. In contrast with Figure 1, Figure 2 shows that some of the homes have solar panels, electric
vehicles and heat pumps. Aggregators (potentially more than one) build portfolios of clients to offer services
to consumers, prosumers, DSO and the electricity market alike. The novelty and strength of the Mas2tering
approach is to use decentralized decision making algorithms, which are best suited to coordinate a
potentially very large number of prosumers and ensure prosumers’ choice and empowerment.
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Figure 2. Low Voltage (LV) portion of the grid where the Mas2tering vision is implemented.

2.2

Residential and Commercial Prosumer Flexibility

2.2.1

Flexibility

On an individual level, flexibility is “the modification of generation injection and/or consumption patterns
in reaction to an external signal (price signal or activation) in order to provide a service within the energy
system” [15, 24]. The parameters used to characterize flexibility in electricity include: the amount of power
modulation, the duration, the rate of charge, the response time, and the location.
Emerging in EU, and thus the focus of study in Mas2tering, are technologies that allow for a two-way
exchange between consumers and their energy supplier. Prosumers, can be highly active in balancing the
supply and demand of electricity as entrepreneurs, by storing electricity through electric car batteries or
other storage facilities and providing electricity generated from renewable energy sources (RES), such as
solar panels, or micro CHPs [27].
Flexibility can be derived from various types of Active Demand and Supply (ADS) from small commercial
and residential Prosumers, representing all the energy-consuming or -producing appliances that have the
ability to shift, increase, or decrease their energy consumption or production (programmability, automation,
etc.). Table 1 describes the different types of active demand and supply, not all of which are being addressed
by Mas2tering.
Table 1. Examples of Active Demand and Supply (ADS) Sources
Type

Example

Flexibility

Controllable Load

Load shifting, on/off switching,
variable power

Heat pumps, air conditioning, HVAC
systems, cold stores, heating or cooling
processes, industrial production
processes

Local Generation

Controllable, variable power
generation

PV, CHP and micro-CHP systems, fuel
cells, gas turbines, UPS

Storage

Charge and discharge.

Residential storage units (e.g.,
batteries), district storage
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Electric vehicles

Smart charging and discharging plus
the ability to move to another location

Cars, trucks, forklifts, watercraft

Considering that all facets of flexibility (unit volumes, risks/rewards, cost/pricing, etc.) are largely
dependent on the requested level of human action(s) a deeper look into the prosumers is appropriate.
2.2.2

“Prosumption” within the context of self-consuming local energy communities

“Residential” users can be defined as single- or multi-family housing units, blocks of buildings, aging
facilities, etc. – the main point is that the people living there are generally present year-round, which affects
preferences, behaviours, and so on. The market uptake forecast was reported by Eurelectric as a “step-bystep” process, which predicted that by 2020 the “business case of DR by category of household consumers”
would start with those above 5,000 KWh a year, and then reach those under 5,000 KWh a year. [7]
“Commercial” users can be defined as businesses not classified directly as industrial or residential, and
where the occupants are not able to make behavioural decisions autonomously such as guaranteeing longerterm DR actions for time- shifting energy consumption (i.e. hotels, hospitals, airports, municipal buildings,
EV charging stations, SMEs/offices, etc.).
“…Commercial entities may emerge as a more significant class of prosumers in the future since they
control a greater share of real estate and of electrical load than residences do in some countries.
Commercial prosumers may also emerge ahead of residential prosumers because they have higher
self-consumption ratios (e.g. 70-100%) and because they are able to install larger PV systems at
lower costs. On the other hand, commercial prosumers may face headwinds in some countries
because of paying lower retail electricity rates, paying a higher share of their electricity bills as
fixed charges, and by having a lower tolerance for longer-payback investments than residential
consumers.” [28]
The formation of ‘Prosumer Communities’ implies a collective force that would theoretically influence, and
be influenced by the local energy market. These communities should have an intermediary Local Flexibility
Aggregator (LFA) to help manage DG (Distributed Generation) and DS (Distributed Storage) with regards
to the injection of unused capacity to the LV-grid.
Smart consumers and prosumers are defined as those that use demand response to shift their flexible loads.
A prosumer is able to locally produce energy. Not all can do this (e.g. lack of rooftop or
unwillingness/incapacity to invest). In a similar way, besides the acquisition costs, penetration of domestic
storage systems will depend on the possibility for final users to host bulky pieces of equipment in their
houses. We may assume that all consumer/prosumer investing in storage are already using flexible loads,
since it brings similar revenue streams at lower cost (although the potential of demand response is limited).
According to the main sets of smart technologies (and independently on their penetration) the following
classification of prosumers is provided.
Table 2. End-User (Prosumer) Classification
Standard
consumer
Flexible loads
Storage
Local
production

Smart
consumer
X
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The consumer/prosumer needs incentives to shift loads. That means a tariff structure different from the most
widespread now: flat prices for consumed energy and power. Moreover, the part of the consumed power is
usually low, compared to the price of consumed energy.
2.2.3

Flexibility as a product to be used locally

Smart consumers and smart prosumers are providers of flexibility. In a smart grid context each end user will
use flexibility provided by his own smart technologies to reduce the costs associated with the energy bill of
his house. According to the specific set of smart technologies end users will use flexibility to self-consume,
move loads when cost of electricity is lower or for more complex management strategies. In most cases the
reduction of the energy bill will be the first driver for consumers to become prosumers.
However, besides using it in the house, prosumers can decide to offer their flexibility as a product to other
actors. EU projects like ADDRESS have thoroughly analyzed the role of the prosumers in the provision of
flexibility to be sold in aggregated form to market players. In Mas2tering the idea is to target a local
community of prosumers, all represented by the same Local Flexibility Aggregator and belonging to a small
portion of the LV grid. The aim is to demonstrate the benefits of a local flexibility optimization against the
common centralized one.
In this sense, prosumers belonging to the community will be able to trade flexibility each other in order to
minimize the individual costs associated to their energy bill. One end user will not only rely on the
flexibility provided by its own smart technologies, but will also be able to buy the flexibility provided by the
other end users of the same community and globally reduce its bill.
In addition, it will be possible to use flexibility in an aggregated - but still local – form to cope with local
congestion problems. DSOs will in fact be able to buy flexibility from local aggregators, representatives of
local communities of prosumers, to locally deal with congestions and increase grid performances and
reliability.
The role of the Local Flexibility Aggregator is fundamental to the solution proposed in Mas2tering. On one
side it will deal with smart consumers and prosumers and optimize the local district; on the other side it will
deal with the local DSO to provide the flexibility required for congestions management. Since end users on
one side and DSO on the other side may have conflicting objectives, the MAS is used as optimization tool
for the local management. This is better described in the following Section 2.3.
Of course the consumer/prosumer needs incentive to shift loads. It is also the role of the local aggregator to
provide each user belonging to the community with the right incentives. It is apparent that the tariff structure
used now will have to be updated in the smart grid context to support the trade of flexibility products.

2.3

Storyline & Optimization Targets

The project storyline builds upon three levels of increasing complexity.
1. Individual prosumer level. Value proposition is the optimization of individual energy bill. This is
about modelling the individual prosumer, i.e. defining its levers of flexibility (demand flexibility,
generation, storage…)
2. Community of prosumers in a copper-plate environment (no grid constraints): the platform
optimizes the energy sharing/local balancing among prosumers to minimize their individual bills
3. Community of prosumers in presence of grid constraints: the platform makes the optimization of
prosumer profiles taking into account their energy bills and the need for flexibility of the DSOs.
These three levels are correlated to the project use cases but do not form a one-to-one mapping.
For optimization, three conditions are needed:
• technology: flexible loads, flexible generation and/or storage
• pricing schemes that value flexibility
• problems on the grid that generate significant value streams
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Key aspects when designing solutions for enabling flexibility management in the distribution network is that
different actors and stakeholders will have different individual objectives that the system should optimize in
order to guarantee their participation and interest to the proposed flexibility programs. In this line, the Table
3 below lists what are these individual objectives considered by Mas2tering for the main socio-economic
actors present in the envisioned community of prosumers (namely Prosumer. Energy Service Company,
Aggregator, Supplier and DSO).
Table 3. Objectives of the main socio-economic actors present in the envisioned community of
prosumers.
Actor
Prosumer*
Energy Service Company
Aggregator
Supplier
DSO

Objectives
Save money and lower their electricity bills.
Respect of comfort preferences and desired electricity use.
Maximize its margin when offering auxiliary energy-related
services to prosumers.
Maximize the value of flexibility for its portfolio, taking into
account customer needs, economic optimization and grid
capacity.
Maximize its benefit when sourcing, supplying and invoicing
energy to its customers. (i.e. Portfolio optimization)
Reduce grid congestion.
Guarantee security of supply.
Efficient network capacity planning

* Although not all consumers are expected to be prosumers, traditional consumers can be modelled as a
prosumer who consume but do not produce energy
The provided objectives and optimization targets are well-aligned with recent smart-grid frameworks such as
USEF or SGAM.

2.4

Multi-Agent Systems and Mas2tering Key Technologies

2.4.1

Multi-Agent Systems

Multi-agent systems (MAS) are used in Mas2tering to empower prosumers’ participation in the smart grid. In
particular, MAS are suitable for decision making and for this reason is more competitive than other
computational approaches in the LV portion of the grid.
MAS are an AI (Artificial Intelligence) paradigm popularly used in networking and mobile technologies to
achieve automatic and dynamic load balancing, high scalability, and self-healing networks. They are
increasingly being used across widespread graphical applications such as games, films, co-ordinated defence
systems, transportation, logistics, and other fields because they can be used to solve problems that are
difficult or seemingly impossible for an individual agent or a monolithic system to solve [29]. Moreover,
MAS is generally employed in systems that have high levels of “dynamism” and “openness.” [30].
In Mas2tering, “smart” refers to the ability to act based on observation and knowledge instead of following
predefined scripts. This concept of smartness is naturally captured by an agent: a software component
designed to achieve certain goals in an autonomous way by communicating with other agents and/or
interacting with the environment by controlling one or several physical devices. Moreover, since each agent
pursues its own objectives, MAS offer a conceptual approach to model the multi-actor decision making that
emerges in the new electricity grid.
In more detail, Mas2tering uses the definition of an agent as an intelligent software component that exhibits
the following properties:
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•
•

•

Autonomy: each agent is independent of other agents and has (some kind of) control over its actions
and internal state to achieve its individual goals without any direct intervention of humans or others.
Social ability: Each agent interacts with other agents (including also humans and other third-party
software) via some kind of agent communication language in order to negotiate/cooperate/compete
to achieve its goals.
Reactivity: agents perceive their environment and respond in a timely fashion to changes occurring
therein (i.e. an agent may be possible connected to hardware in order to implement physical
actions).

Mas2tering includes the use of multi-agent system to unlock the potential of consumer/prosumer flexibility
as a commoditized product by decomposing the problem into different autonomous agents that participate
into optimization and self-healing protocols. MAS technology is particularly suitable for this problem given
its potential to tackle the following key aspects:
1) Multi-actor. It is crucial in the Mas2tering vision to give individual incentives to the different actors
(i.e. gains) to participate in the flexibility program. More traditional approaches to flexibility
management have focused on optimizing the overall flexibility, generating solutions that may result
in poor satisfaction of some final users or stakeholders, who may eventually leave the program [31].
By utilizing a MAS approach, each agent will represent one actor of the district with its internal
private business model that defines the individual actors´ objectives. In specific, each agent embeds
a local model that contains: its goals (via constraints and objectives), its actions (i.e. via its
behaviours) and its interactions (via agent protocols) and acts to maximise its own benefit (e.g.
comfort for the clients, gain for the producers, etc).
2) Privacy. On one hand, final customers and stakeholders will only be comfortable sharing their data
if they are confident that these are stored securely and exchange in a way that safeguards their
privacy [32]. On the other hand, data exchange is indispensable for the proper functioning of any
smart energy system (i.e. without appropriate data, neither DSO nor aggregators will be able to
perform their tasks) and it will be a key means to creating new value. Therefore, the Mas2tering
framework must take these privacy and data security concerns into account when defining the data
exchange between different participants (i.e. aggregator, customer, DSO). Multi-agent systems
model this aspect by the introduction of socio-economic agents. Each socio-economic agent
represents an actor for which its business model, constraints and preferences have privacy
restrictions with respect to other actors in the system. Moreover, the fact that agents enrol into
negotiation processes exchanging the minimum data needed to reach an agreement easies the respect
of information privacy on the part of participants.
3) Scalability. Compared to traditional grids, the distribution level of next generation electric grids
(i.e., smart grids) will include different types of active dynamic devices, such as distributed
generators based on solar and wind, batteries, deferrable loads, curtailable loads, and electric
vehicles, whose control and scheduling significantly increases the complexity of the corresponding
power management problem [33, 34, 35]. Consequently, traditional approaches that commonly
solve this problem in a centralised fashion will become computationally impractical due to its lack
of scalability. In contrast, a MAS approach naturally overcomes this problem by distributing
computation across every agent (i.e. each active dynamic device is typically modelled as a physical
agent) in the network. In more detail, each agent enrols into negotiation protocols by exchanging
messages with other agents and solving a local optimization problem much simpler than the global
one, since decision-making is based on local information and those received from direct neighbours.
4) Coordination. Significant energy actions rarely can be achieved by the action of a single individual
but instead it requires the coordinated joint action of different actors. For example, in an office
building, companies listed on different spaces (or even single workers) may have different
preferences regarding their working hours keeping the buildings lighting, heating and cooling
ongoing for most of the day. In such settings, we cannot assume that individuals will collaborate
(i.e. will change their working times) if they are not properly engaged via negotiation mechanisms
that allows them to agree in which groups to form at different points in time and how to share the
profits. The MAS approach (via multi-agent negotiation protocols) provides an attractive and
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efficient way to mutually generate value and optimally operate the connected assets. The strategic
and computational aspects of such negotiation processes are typically studied within multi-agent
systems using tools such as cooperative game theory [36].
Mas2tering is not the first project to employ multi-agent systems in smart grid applications. Examples of
research projects using MAS include the INTEGRAL project [37] and the PURE-MAS project [38], which
ultimately led to the Power Matcher Suite of technologies [39] and the Power Matching City Project [40]. In
fact, according to a report released by DNV GL, PowerMatching City demonstrated that net gains from the
consumer market could well reach €3.5 billion ($3.75 billion), based in part on money saved by grid
operators by avoiding costs for investments in and maintenance of existing energy grids [41]. Other
examples include [42, 43]. Moreover, the IEEE Power Engineering Society’s (PES) Intelligent System
Subcommittee (within the PSACE Committee) formed a Working Group to investigate these questions about
the use of multi-agent systems in power grid applications (see [44][45] for summaries of the work of this
working group including challenges, recommendations and guidelines).
In relation to empowering consumers and creating communities, some recent works have applied multiagent systems to the creation of collective energy purchasing initiatives in which different individuals come
together to get a better deal with the retailers. Such group buying has been shown to be both popular and
effective in e-commerce (e.g. due to the success of e-sites such as Groupon or LivingSocial). In the context
of energy, real-world initiatives such as the BigSwitch (https://www.whichbigswitch.co.uk/) or
thePeoplesPower (http://www.thepeoplespower.co.uk/) achieved significant discounts by bringing a large
number of consumers together and negotiating a better deal on their behalf with suppliers. This problem of
how to take advantage of group discounts from the retailers is studied in the core of the AgentSwitch
platform [46] that ensures individual members of a collective fairly share discounts based on the Shapley
value. Other works [47, 48] take this line further by studying the group-buying incentives for a tariff scheme
that encourages users to provide reliable consumption predictions. The above-mentioned propose cost
allocation schemes that can fairly allocate the expected bill among customers taking part in an electricity
group buying initiative whilst ensuring that, in expectation, any individual consumer or subset of consumers
will pay less by being part of the group initiative.
2.4.2

Mas2tering Key Technologies

In Mas2tering, the use of multi-agent systems is made possible by the development of proprietary
technologies and their integration with non-proprietary technologies. “Key Technologies” is termed for
those that are specific to the implementation of the Mas2tering approach to provide clarity within context of
the larger grid and body of research of what is Mas2tering and what is not. Mas2tering key technologies are
detailed in Table 4.
The other enabling key technology is the energy box, a device used to manage home appliances and that can
be embedded in a smart gateway which allows the HAN devices to communicate with MAS agents. On the
Home Area Network side, the smart gateway is in charge of the coordination of connected appliances
through short-range and low-power wireless sensor network. The appliances are represented internally in the
gateway as services in a Service Oriented Architecture and can be connected with third parties component
through standard OSGi APIs (or applications sharing the same execution environment) or via REST and
WebSocket APIs exposed on a cloud service. The Smart Gateway implements the CEMS (Customer Energy
Management system) [49], controlling appliances and optimizing energy consumption according to the
signals coming from the grid, consumer’s settings and contracts. The Smart Gateway represents the
connection point between the MAS agents and the HAN devices, taking care of providing an uniform
devices representation (independently from the technology they use to communicate within the HAN) to
MAS device agents.
Cyber security also represents a key aspect in Mas2tering. Cyber security tools and services developed as
part of the project are also key technologies.
Table 4 reports the list of the Mas2tering key enabling technologies and tools, divided according to their
respective area of competence. The enabling technologies and tools targeted in Mast2tering are written in
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bold. The others are all enablers to the Mas2tering solution, but their development/penetration is considered
as a prerequisite to the project.
Table 4 - Mast2tering Key Technologies

Customer Premise Domain
One Home, Office or Business

Smart Metering Gateway:
• Electricity smart meter
• Smart gateway
Home Area Network:
• Energy box/smart
gateway
• Communication
• Optimization software
(MAS)
• Security software &
services
• Smart Appliances
• Smart technologies

Distribution and DER Domains
One District

Mas2tering District Energy
Management tool:
• Communication
• Optimization software
(MAS)
• Security software & services

Distribution Grid (n districts
and m substations)
2
Mas tering LV grid Energy
Management tool:
• Communication
• Optimization software
(MAS)
• Security software
&services
LV grid (more substations)
• Automated Link Boxes*

* Automated Link boxes are devices used to remotely connect MV-LV substation from the LV side for grid
balancing and maintenance activities and possibly to reduce LV grid losses. Their cost-effectiveness will be
evaluated as part of the WP6 activities, but they are not considered as a key technology of the project.

2.5

Mas2tering Use Cases

The project use cases are used to develop, validate and demonstrate the main technical and business aspects
of the Mas2tering project. Each use case deals with a portion of the LV grid and has specific general and
quantified objectives. Also, starting from use case 1, each use case is an enabler to the subsequent one as
each analysis deals with a portion of the LV distribution network that is gradually wider than the previous
one. In brief, the project use cases are:
Use Case 1: This UC focuses on the Home Area Network and the services that involve the LV end user
(domestic and small commercial); the scope is to demonstrate the interoperability between the HAN
management system, the smart meter and a technical interface (gateway) which allows the bi-directional
communication between the end user and the rest of the LV grid. The enabled communication is a
prerequisite to the local optimization proposed in the other UCs and, for the prosumer, to enter the market of
flexibility products.
Use Case 2: This UC focuses on the district, intended as a community of prosumers represented by a local
aggregator in a local area of the LV grid; the scope is to demonstrate that MAS optimization performed at
this local level is effective for energy management and local balancing, as an alternative to traditional
centralised optimization. The objective is to maximise revenue for prosumers belonging to the local
community when coping with variable external conditions and conflicting requests from the DSO and the
other grid actors. The benefits of energy management at the district level through the introduction of an ICT
platform (algorithms) that enable the dynamic management of dwelling and district energy that leverages
changing energy prices in real-time and enhanced use of Telecom and Energy infrastructures
Use Case 3: The last UC can be considered as an extension of UC2 and tackles the LV grid, intended as the
union of more districts in a given area (represented by a MV/LV substation). The UC targets in particular
DSOs and aims at demonstrating that the local optimization enabled in UC2, coupled with proper grid
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monitoring can be a cost-effective way to deal with local congestions and globally increase grid
performances, reliability and resilience.
The description of the refined UCs of the project will be provided in D6.1, due in M21.

2.6

Flexibility purchases for DSO capacity management

Customers of flexibility acquired from residential and commercial sources include other Prosumers in the
local community, the DSO that distributes energy to that local community and actors in the upstream value
chain which may include other DSOs, aggregators of aggregators, balance responsible parties or TSOs. This
section treats one of these possibilities – the sale and use of flexibility for DSO capacity management.
Measurement of critical grid areas may be read more frequently than once a day, and with a working state
estimator a map of critical elements can be computed. The DSO may choose to use a sample of the endusers and measure the demand from them in real-time, or with a short delay [50]. Visibility of flexible
resources in a given area, however, can assist DSOs with longer-term grid planning up to 30 years,
potentially to provide an alternative to reinforcement or expansion capital requirements.
2.6.1

Needs

DSOs are regulated bodies responsible for the long-term cost-effective distribution of electricity in the LV
grid in a secure, safe and reliable manner. At the core of the DSO function is ensuring there is enough
capacity to provide quality service to the customers in its distribution area. In planning for the future
capacity needs of distribution networks, DSOs face a series of cross currents. The increased electrification of
homes, electric vehicles and DER increases capacity needs. Demand response, energy efficiency measures,
the emergence of home electrical storage technologies and potential use of electric vehicles as storage
instruments may decrease capacity needs. It is not clear today what the net balance of these market dynamics
will be tomorrow. What is clear however is that future markets must be prepared for the potential of future
increased capacity needs [21].
Assuming the anticipated trend of increased capacity demand is correct, according to EDSO, the benefits of
purchasing flexibility are [24]:
•
•
•
•
2.6.2

Optimized distribution network capacity investments
Reduced technical losses
Reduced curtailment of distributed generation and reduced outage times
Increased distributed generation hosting capacity
Operational Regimes and Market Processes

In purchasing and implementing flexibility as a management solution, DSOs have access to new operational
regimes and grid processes. In a classical grid, a DSO must enact power outages when safeguards are
triggered. In the smart grid where flexibility management is enacted, the DSO has the flexibility to conduct
capacity management and load shedding. These concepts are shown in Figure 3. This particular figure is
adapted from the Universal Smart Energy Framework (USEF) [26, 51, 52], which is consistent with and
builds upon the Smart Grid Architectural Model (SGAM) [7, 8]. The positioning of Mas2tering is overlaid
on the figure and shows that Mas2tering will deal with the normal operations (green) and capacity
management (yellow) operational regimes.
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Figure 3. Operational Regimes of the smart grid and positioning of Mas2tering (adapted from [26, 51,
52])
During normal operation (Green), in-home optimization services would prevail and DSO grid monitoring
would occur. In the capacity management regime (Yellow) DSOs reduce peak load on congestion points in
the grid by activating flexibility processes. In the graceful degradation regime (Orange), the DSO lowers
loads by limiting connections to preserve the security of supply. In the last regime, Power Outage (Red),
primary protections are trigger to safeguard devices.
The use of an image from USEF is deliberate, as Mas2tering has made the decision to align and use this
framework for project purposes. Overall, the framework aligns well with the objectives of Mas2tering and
will allow the project to develop and communicate project results using a common reference with other
researchers.
At the core of using a common reference is the interaction model shown in Figure 4. It shows the market
design, roles, and interactions between those roles. The centre horizontal band shows the physical transport
of energy and is common to both the energy supply chain (bottom) and flexibility supply chain (top). The
energy supply chain is existent and aligns with the European energy market model. The flexibility supply
chain is new and its purpose is to unlock and maximize the value of Active Demand and Supply (ADS)
flexibility. ADS is a role in USEF and represents all types of energy systems (supply or demand) that can be
actively controlled to respond to aggregator price signals but is ultimately controlled by Prosumer comfort or
choice.
Several research projects such as E-telligence, Web2Energy, Cell Controller, and Virtual Power Plant have
encouraged the use of dynamic signals as an appropriate and cost-effective means for communicating grid
status and energy price info [27]. However, “in a well-functioning retail market, i.e. one without regulated
prices, customers should be able to choose from a range of products which suit their preferences. It is
unlikely that household customers would want to spend a lot of time and effort analysing data and modifying
their usage to optimise their bills according to changing wholesale prices and grid tariffs. Customers also
have different needs, lifestyles, preferences and potential for being flexible in how they use electricity.” [7].
The positioning of Mas2tering (focus at the low voltage substation level portion of the overall grid) is shown
with a solid line corresponding to the roles and interactions present in the LV part of the grid. The sale of
flexibility to upstream actors beyond the local DSO is represented as a dashed line that includes interactions
with the Balance Responsible Party (BRP).
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Figure 4. Mas2tering interactions within USEF framework (Adapted from [26, 51, 52])
Going one step deeper into the processes that occur within the operational regimes, Figure 5 shows the
Market Coordination Mechanism (MCM) proposed by USEF, and Mas2tering’s positioning within it. The
contract phase is also added to the figure, which may relate to processes impacted by the business models.
With respect to positioning and scope, Mas2tering deals with the plan, validate and operate phases. The
timescales for the plan and validate phases may be months, days or hours before the operate phase starts.
USEF proposes that the national regulatory authority determines gate closure times and that a common
practice is one hour before delivery in the intraday process. Timescales are important because they impact
what energy markets are available (forward, day-ahead spot, intraday spot) and the prices within these
markets enter into consideration if flexibility will compete against them. Moreover, timescales relate to data
availability and specifically to participate in the Operate Phase, real time or near real time data must be
available (15 minute intervals). This impacts Mas2tering high-level requirement elicitation.
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Figure 5. Mas2tering positioning within the USEF Market Coordination Mechanism (MCM) (Adapted
from [26, 51, 52])
2.6.3

Example

An example (user story) that is specific to Mas2tering is helpful to illustrate the different phases of the
MCM. This specific user story is from the DSO perspective and involves DSO capacity management. Other
user stories would be appropriate to illustrate the Aggregator or Prosumer perspectives. The example
deliberately uses terminology that is common to the USEF framework (e.g. A-plan and D-prognosis
profiles) to ensure consistency and clarity [52].
Planning & contracting phases – Months in advance of the day of delivery
1. Thanks to the enhanced awareness in terms of quality of supply in the analysed portion of the LV
grid, the DSO foresees future problems in managing peaks of demand during the interval 18:0021:00 in a given neighbourhood (that is identified by all users supplied by the same sub-station);
2. To deal with the problem, the DSO has to select amongst several options: to replace the actual
transformer with a model of greater size, to directly own/operate storage assets or buy flexibility on
a local market. Using the more granular data provided by additional monitoring devices (as
evaluated in D2.2), the DSO is able to accurately verify that the purchase of flexibility represents a
cheaper and more sustainable option to grid reinforcement;
3. The DSO communicates to involved players that the neighbourhood is now a Congestion Point and
initiates the procurement of flexibility by signing flexibility service contracts with aggregators
connected with the congestion point. Flexibility can be procured via either bi-lateral contracts with
aggregators or via a flexibility market of different timescales. In this example, the second option is
considered in the daily flexibility market.
Planning phase – Day ahead the day of delivery
4. Aggregators run Mas2tering on their own portfolios to optimise use of flexible loads. The outcome
of the optimization is an A-plan for each aggregator. An A-plan represents the expected
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consumption profile during the day of delivery for a given portfolio of end Prosumers; the
optimization is done based on the information coming from the energy boxes in the consumer
premises and on forecasting algorithms.
Validation phase – Day ahead the day of delivery
5. A-plans are aggregated at congestion point level (in our case at substation level). The result is a Dprognosis profile, which represents the expected consumption profile of the neighbourhood during
the day of delivery. If the neighbourhood includes users that are not represented by aggregators,
their expected consumption profiles are to be aggregated into the D-prognosis profile (forecasting is
done by DSO).
6. The DSO looks for congestions on the provided D-prognosis profile. If a congestion is identified
(e.g. a peak of a certain volume between 18:00 and 21:00) the DSO generates a flexibility-request,
in which it proposes re-allocation of loads to cope with the expected congestions (flexibility-request
includes both the reduced load when the peak is expected and the increased load in other moments
of the day – in other terms the delivered energy is the same).
7. Aggregators receive the flexibility-request and run Mas2tering to optimize the possible combinations
of load and/or power shifting that will generate flexibility-offers (for both reduction and increase of
demand). Mas2tering enhances the volume and price of the available flexibility of its portfolio at the
congestion point and elaborate a Flexibility-offer. These are sent to the DSO by each aggregator.
8. The DSO accepts the offers with the lowest price and informs aggregators by sending an updated Dprognosis profile based on the accepted offers. Please note that the non-accepted offers are not
erased, but form the reserve for the operative phase (during the day of delivery).
9. Phases from 4 to 9 can be repeated several times during the day ahead the day of delivery and everytime new information is available.
10. At the closure of the market each end user is characterised with a final expected consumption
profile; the aggregation of the final expected consumption profiles of a given customer portfolio
forms the A-plan of one aggregator. The aggregation of A-plans at congestion point level forms the
final D-prognosis of the neighbourhood.
Operative phase – Day of delivery
11. Aggregators continue to forecast expected consumption of their portfolios (again running Mas2tering
and using the information coming from energy boxes). Their scope during the operative phase is to
respect the consumption programme agreed during the day ahead. If a diversion from the agreed
programme is expected, the aggregator has to cope with it and try as much as possible to match the
programme by internally optimising use of flexibility.
12. Expected consumption profiles continue to be aggregated for the DSO visibility too. If the DSO
foresees additional congestions it may decide to buy additional flexibility from the aggregators.
Since there is no time to send requests and receive offers, the DSO simply buys the flexibility that
was not initially accepted during the validation phase the day before. Since the purchase of this
flexibility creates problems with the programmes agreed between the aggregator and the BRP, the
DSO must be charged with the resulting penalties.
13. If the additional flexibility is not enough, the DSO may be forced to pass into the “Orange” control
and disconnect loads to avoid problems to the grid.
14. Phases from 11 to 13 can be repeated several times during the day of delivery (e.g. every 15
minutes) or anyway every time new information is available.

2.7

Mas2tering Roles and Flexibility Services

This section closes Chapter 2 and defines the roles and flexibility services specific to the low voltage
substation and community of prosumers defined in Section 2.1.
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2.7.1

Roles

The primary roles Mas2tering will use to model the community of prosumers are shown in Table .
Table 5. Mas2tering Roles
Role

Description

Prosumer

A Prosumer can be regarded as an end user that no longer only consumes
energy, but also produces energy. He/she may also have storage capacity.

Active demand and
supply

Represents all types of systems that either demand energy or supply energy and
which can be actively controlled to include storage.

Aggregator

Accumulates flexibility from Prosumers and their Active Demand & Supply at
the congestion points to offer it to a DSO, other prosumers or the flexibility
market.

Supplier

The role of the Supplier is to source, supply, and invoice energy to its customers.
The supplier acts as the single contract point for access to the electricity market.

DSO

The DSO is responsible for the active management of the distribution grid. The
DSO is responsible for the cost-effective distribution of energy while
maintaining grid stability. To do so DSO can purchase flexibility from
aggregators. The DSO may also choose to own generation or storage assets.

Other roles that can easily integrate into the Mas2tering framework / community of Prosumers include a
metering data company responsible for acquiring and validating metering data (in some countries this
function is performed directly by DSOs), an Energy Services Company (ESCO) who may offer energy
optimization services to Prosumers and a Common Reference Operator (CRO) who depending on the
eventual legal and regulatory framework of a particular country of operation is responsible for information
and connections related to congestion points in a network.
2.7.2

Flexibility Services

Based on the interaction diagram (Figure 4), USEF proposes 20 flexibility services. In the services
paradigm, the aggregator has a central role as both providing services itself and acting as a gateway to
potential services between other actors in the value chain. These flexibility services are shown in Figure 6;
once again, the Mas2tering positioning and scope focused on the LV part of the grid is indicated by solid and
dashed line boxes.
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Figure 6. Mas2tering positioning within the USEF flexibility services (Adapted from [26, 51, 52])
From the ten potential flexibility services listed in Figure 6 between the prosumer, aggregator and DSO,
Mas2tering will focus on five of them. They are:
Flexibility services for in-home optimization (which correspond to Mas2tering Use case 1)
•
•

•

Time-of-use (ToU) optimization is based on load shifting from high-price intervals to low-price
intervals or even complete load shedding.
Control of the maximum load is based on reducing the maximum load (peak shaving) that the
Prosumer consumes within a predefined duration (e.g., month, year), either through load shifting or
shedding.
Self-balancing (self-consumption) is typical for Prosumers who also generate electricity (for
example, through solar PV or CHP systems). Value is created through the difference in the prices of
buying, generating, and selling electricity.

Flexibility services for LV Grid Management (which correspond to Mas2tering Use case 2 and 3)
•
•

Congestion management refers to avoiding the thermal overload of system components by reducing
peak loads.
Grid capacity management aims to use load flexibility primarily to optimize operational
performance and asset dispatch by reducing peak loads, extending component lifetimes, distributing
loads evenly, and so forth. An added benefit may be the reduction of grid losses.

Conceptually not shown in Figure 6 and a potential innovative aspect in Mas2tering are prosumer to
prosumer services in which a prosumer sells flexibility to another prosumer within his/her own community
of prosumers or to another community of prosumers located outside of his/her low voltage substation.
2.7.3

Supplier-Aggregator Relationships

Which actor assumes the responsibility of the aggregator role is a key decision point. In USEF it is
established that only the supplier has a contractual relationship with the consumer/prosumer. As a result,
there are three combinations of supplier-aggregator relationships that are likely to appear in business models.
These relationships are provided in Table 6. Table
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Table 6. Possible Supplier-Aggregator Relationships (adapted from [26, 51, 52])

Supplier and Aggregator
are separate businesses

The roles of Aggregator and Supplier are filled by independent companies.
In this case, the Aggregator optimizes the ADS belonging to a specific set
of the Supplier’s Prosumers, or a specific set of assets.

Supplier is also Aggregator

The Supplier includes the role of Aggregator in its own business and
executes all Aggregator-related tasks itself.

Supplier outsources its role
to Aggregator

The Supplier outsources its tasks of contracting, invoicing, and servicing
customers to one or more Aggregators. The Supplier might also provide a
complete platform for performing these tasks to all Aggregators operating
under its flag. The contract between the Aggregator and Prosumer is based
on a framework agreement between the Aggregator and Supplier and
contains a reference to that agreement “powered by the supplier.”

In Mas2tering we will consider the second and third options (supplier as aggregator and supplier outsourcing
its role to aggregator) because in each case the community of prosumers is the same for the aggregator and
the supplier.
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3

Mas2tering Business Models

3.1

Business Model Development Approach

This first report focuses mostly on the identification of business model opportunities. The next report
(Business strategies and collaboration opportunities) focuses on the identification of appropriate actor
collaboration and strategies within multi-sided business models and parameters needed for their evaluation.
The third report (D1.7 - Use cases and business models II) reports on the evaluation, validation and iterative
improvement of the multi-sided business model scenarios. Business model development is supported by four
face-to-face workshops and numerous online workshops that target business convergence and Mas2tering
smart grid technologies.
Business Model Opportunity Development
At the time of this report, two face-to-face workshops and numerous online workshops were conducted to:
•

Conduct a Situational Analysis. Framework, Positioning and Scope: Production of a contextual
roadmap for business model development.

•

Develop Market Rationale: Analysis included industry trend analysis and assessment of existing or
anticipated market demand.

•

Design Value Proposition and Alignment of Technology Enablers

•

Conceptualise a Multi-sided platform-based business model: Mapping the value flows in the value
chain

•

Business Model Opportunities: Identification of multiple business model opportunities in light of the
value flows in the multi-sided platform based business model

•

Profiling Industrial Stakeholder Business Model Perspectives

•

Initial Market Analysis and Feasibility Assessment

Business strategies and collaboration opportunities within Multi-Sided business Models
Following on from the identification of the business model opportunities contained in D1.6 it is the purpose
of T1.2.3 to roadmap the business strategies and collaboration opportunities between the smart-grid
stakeholders that will be required to capitalise upon the identified opportunities; and the purpose of T1.2.4 to
analyse the needs, opportunities, barriers, standards, and challenges faced by the stakeholders in the delivery
of the business model opportunities. In order to ascertain and map what these are, a series of stakeholder
interviews are scheduled in the second year of the project, allowing for the completion of a multi-sided
business model analysis canvas mapping exercise.
The following approach is utilised:
•

Value Flow Analysis: Given the nature of multi-sided business models an actor may now be both a
buyer and a seller. Mapping the flows (data, energy, revenue) in the multi-sided business model and
identifying what each actor’s role might entail within each flow.

•

Value Proposition Generation: The overall value proposition towards the buyer needs to be able to
answer: What customer problem is being solved; what customer needs are being satisfied; what
segment-specific products and services can be offered to customers; and what value is generated for
customers?

•

Value Chain Delivery Analysis: The value chain behind the creation of the value flow needs to
account for internal resources; activities and competencies; partners; and distribution channels.

•

Value Chain Capture: The revenue model that captures the value needs to answer: What the
principle costs are in the proposed business model; what are the proposed sources of revenue; what
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is the customer willing to pay for; how do customers pay at present; and how should they pay in the
future?
•

Constraint Analysis: The constraints in the delivery of each model will vary based on several factors
from individual national regulations, market conditions and the stakeholders’ willingness to
collaborate and engage with the opportunity.

The results of the stakeholder interviews and the data from the canvas will feed into Deliverable 1.5 and
allow for the validation of the final business models to take place which will be reported on in D1.7.

3.2

Market Rationale and need for a Flexibility Market

A business analysis starts with an assessment of existing or anticipated market demand. In our research, we
observe the following recurrent industry themes (market forces, technology drivers, and business enablers):
•

Policy / National Conditions: Communications from the commission related to new energy market
design [21] and a new deal for energy consumers [22] make flexibility concepts imminent. In
particular, 2030 energy and climate targets will require renewable energy penetration to reach
approximately 50% of electricity produced. This will require grid reinforcement, the implementation
of flexibility or both. In the case of PV, relevant national conditions include: available roof space,
share of owned vs. rental property, existing and planned RES capacity, electricity demand curves,
and connection to energy infrastructure). [28]

•

Renewable energy technologies (RET), storage, and flexible loads (i.e EVs, PVs, etc.): Europe has
the target to be the leader in renewable energy technologies. The uptake of electric vehicles is on the
visible horizon. EVs represent already more than vehicle 5% of sales in the Netherlands, more than
20% in Norway [53]. Solar PV and electric heat pumps continue to increase penetration. Storage
technologies are becoming viable. The combined effect of these technologies is increased capacity
demand on the grid and the increased emergence of prosumers. Enerdata reported that electricity
demand is predicted to continue to grow faster than average energy demand in the coming decades
in almost all EU countries (an increase of about 0.2% in final energy demand vs. an increase of
about 1.5% in electricity for the EU-27 by 2020) [54]. PV (self-consumption), flexible loads
(including EV), and local storage, provide opportunities for unlocked flexibility potential that can
forecast and mitigate potential network peaks and smooth aggregated load profiles.

•

Consumer Choice / Behavioral Drivers: End users are increasingly engaging in sustainability
concepts via energy efficiency retrofits, the installation of renewable energy technologies, the
purchase of smart appliances and changes in energy consumption behavior. Consumers are more
engaged in their energy bills and energy management concepts. In the case of PV, behavioral
drivers include non-financial factors such as the desire for greater choice and energy
autonomy/control/self-sufficiency, environmental preservation value, status and prestige, reliability
and safety, interest in and purchasing power of technology, etc. [28]

•

Internet of Things (IoT) / Data Privacy / Technology drivers: Smart devices (typically accessible by
smart phone or computer) are making the free exchange of information available between actors in
the system. This information can be used to create system efficiencies and value. In the case of PV,
technology drivers include: technology trends that could accelerate Prosumer development, such as
new developments in PV, electric vehicles, storage, DR, smart grid infrastructure, and EE. [28]

•

Continued urbanization and electrification / Economic drivers: There continues to be increasing
demand on existing energy infrastructure requiring grid reinforcement. In the case of PV, economic
drivers include: the decreasing cost of solar PV systems, the increasing costs of prevailing electricity
rates (prices, volumetric or fixed charges, ToU rates, subsidies and regulations) the selfconsumption ratio (matching PV output and on-site demand), enhanced insolation levels (solar
resource quality, and is often expressed as the average amount of sunlight striking a square meter of
surface area in a day), higher supply and demand (S/D) ratio disparity, etc.[28]
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Given these trends, market demand for flexibility, as a commoditized product, is present and increasing. In
Mas2tering, we focus on the communication linkage between the already market-present Prosumer,
Aggregator, and DSO who are at the front line with respect to solving existing and anticipated grid capacity
challenges. As Prosumers continue to emerge at the center of the future smart grid, and electrification
continues to place leading to additional demand on LV networks, new commercial opportunities take shape
that interest actors such as Telecom and Cyber-Security Operators. Business model development starts here
and is converged across stakeholder segment representatives in the Mas2tering Consortium. The MAS
Platform aims towards collectively unlocking the value of providing consumers access to the energy system
and capitalizing on their flexibility to (among other benefits) relieve DSO grid capacity management needs
or potentially trade the commoditized flexibility to other market actors.
“Where the legal framework allows for micro-generation, consumers can sell their electricity
surplus on the market for a price that is either based on competition in the market or set by the
competent regulator/Micro-generation based on RES is mostly supported by net metering and/or
feed in tariffs. In both cases the electricity is not really sold to the market/ However, it is worth
noting that most regulatory schemes currently in place mandate either suppliers or distributors to
offtake the surplus energy self-generated”[16]
It deciding what to do with flexibility, it is clear that a Flexibility Market is needed and that a (monetary)
value must be assigned to flexibility as a product. This is because different actors in the system will have
competing demands and/or preferences. A DSO will desire a flat load profile in its network whereas a
consumer may want to consume when he/she desires and a solar or wind DER producer would want
consumers to adjust to an intermittent production profile. The importance of different preferences may be
subjective or change over time. They may also depend on alternatives outside the system (for example the
ability or inability to get a ride with a friend if electric vehicle charging needs to be delayed by a few hours
and the comfort or discomfort associated with doing that). For this reason, only each market participant can
decide for him or her self, the value of a discrete quantity of flexibility and this is appropriate for trade in a
dedicated flexibility market. This market would need to be consistent with the EU’s position on market
redesign meaning that it should be (amongst other things) clear, transparent, provide non-discriminatory
access and freedom of connection, transaction and dispatch for everyone.

3.3

Business Model Paradigm Shift

In simplified terms, the classical energy system business model involves the reliable and universal sale of
energy at reasonable prices by utilities to consumers. Information flows (billing information from utilities to
consumers) and revenue flows (from consumers to utilities) are unidirectional and the consumer plays a
passive role. This ‘one-sided’ business model is called the “Utility” business model and has been largely
unchanged over the last century.
The unbundling of energy markets and emergence of renewable energy technologies have begun to change
the energy system business model landscape. The realization of the smart grid and emergence of a flexibility
market will change it even more. Both information and power will flow in multiple directions within the
value chain resulting in an exponential increase in the quantity, frequency and quality of data generated by
consumers. Sophisticated new business platforms will emerge to support the capture and exchange of
information between value chain stakeholders to improve efficiency, introduce new services, to leverage
consumer participation and to increase the business model profitability for value chain actors in a
sustainable, environmental friendly way. Moving from a passive recipient of energy, within these new
business platforms, the consumer/prosumer will now become an empowered and integral value chain
participant offering flexibility. Given the high likelihood of continued technological improvement to the
smart grid, customers becoming more sophisticated in terms of information control, and the multi-directional
flow of energy and data in the network, the new business platforms that will emerge will be multi-sided as
they will need to facilitate and provide support for interactions and flow exchanges among all ecosystem
participants that create value [55].
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Adapted from an IBM white paper on smart grid business models [1], Figure 7 shows a conceptualization of
a smart grid multi-sided platform-based business model where a local aggregator is (partially) between the
consumer/prosumer and the upstream energy system actors. There are multiple types of buyers and sellers
and a single actor can be both. There are additional actors in the ecosystem not depicted. These include
telecom data services, security services, ESCO energy management services to end users and ancillary
service providers. In comparison to the traditional utility model, the complexity of the ecosystem is
significant. Energy, information and revenue flows can happen in various combinations. Indeed, the nature
of value has changed as there are far more types of reciprocal value and combinations of actor exchanges to
deliver value. Moreover, as new types of reciprocal value will be generated, new value added businesses and
services and new participants to the ecosystem that traditionally would not have been directly involved in
the industry will emerge. Consequently, the value capture opportunities available to the ecosystem
participants within a multi sided business platform will continuously increase, as will the complexity of the
business models to capture and exploit that business value opportunity.
One aspect that makes smart grid business model development challenging is that it is (likely) not one
system-wide business model that is present but the combination of individual interdependent business
models acting together in the ecosystem. Furthermore, each of the individual business models is not equally
important to understanding or unlocking value in the system. As such, it can be useful to identify primary
and supporting business models and to carefully identify the combination present when evaluating any of the
particular business models.
Applying this to Mas2tering:
•
•
•

Our primary business model is centered on the aggregator and connects consumer/prosumer
flexibility to solving needs of the DSO
Individual supporting business models will be constructed built on the services supplied to the
ecosystem
Combinations of the primary and supporting business models will be utilized to simulate scenarios
of where/how the business models can fit together to maximize system value.

Figure7. Multi-sided platform-based business model conceptualization (adapted from [1])

3.4

Mas2tering Business Model Opportunities

The Mas2tering consortium has identified 19 business model opportunities to investigate surrounding district
flexibility management services. These opportunities are separated into primary and supporting business
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models. Primary business models are those that directly relate to the grid efficiencies possible by unlocking
consumer/prosumer flexibility. Supporting business models are those associated with entering or facilitating
the ecosystem.
The business model opportunities are intentionally disaggregated to facilitate the identification and
consideration of market analysis aspects, strategy options and collaboration opportunities. It is anticipated
that these business models will then be merged into the most efficient combinations.
Primary Business Models (B1-B10)
Flexibility as a Product
•

B1. Sale of Flexibility by a consumer/prosumer to a Local Aggregator is appropriate for
consumers/prosumers that do not require services related to in-home optimization and desire to gain
value from offering flexibility to the market through an aggregator.

•

B2. Sale of Flexibility by a Local Aggregator to the Flexibility Market deals with flexibility that a
local aggregator may sell for purposes other than DSO Services. This flexibility is made available
to the flexibility market where the buyer may be a DSO who does not require services, an
aggregator of aggregators, a BRP or other market participant.

•

B3. Sale of Flexibility by a Local Aggregator Service Contract to a predetermined buyer (DSO,
Aggregator of Aggregators or BRP) deals with the predetermined sale of flexibility to a contracted
buyer.

Consumer: In home optimization services
•

B4. Time-of-use (ToU) optimization is based on load shifting from high-price intervals to low-price
intervals or even complete load shedding during periods of high prices. This results in the lowering
of the energy bill proportional to the price differential and quantities of energy consumed.

•

B5. Self-balancing is typical for Prosumers who also generate electricity (for example, through
solar PV or CHP systems). Value is created through the difference in the prices of buying,
generating, and selling electricity.

•

B6. Control of the maximum load is based on reducing the maximum load (peak shaving) that the
Prosumer consumes within a predefined duration (e.g., month, year), either through load shifting or
shedding. By lowering this maximum load the consumer can benefit from lower tariffs.

•

B7. Bundled Flexibility Management Service the combination of optimization services coupled
with flexibility (as a product) sales to a Local Aggregator.

DSO: Flexibility services for DSO
•

•

B8. Congestion management deals with the use of flexibility to attain the benefits of peak
reduction, local balancing, the reduction of losses and voltage management in a discrete timeframe
of high demand to avoid the thermal overload of system components.
B9. Grid capacity management deals with the use of flexibility to conduct congestion management
but also in a longer-term horizon to defer grid investments to ensure future capacity needs and to
extend the operational lifetime of system components.
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Joint Services Business Models
•

B10.Bundled Contracts (Phone-Internet-Energy) for the providing of In-Home Optimization and
Flexibility Management Services deals with strategic alliances between utilities and telecoms to
offer bundled services or with 3rd party organizations that self-organize to offer holistic bundled
solutions.
Supporting Business Models (B11-B19)

Knowledge & Data Services
•

B11. The sale of congestion point forecasting to local aggregators as a service deals with the
ability to create and deliver a competitive advantage and work avoidance via forecasting services.

•

B12. The sale of consumer / prosumer consumption data to Local Aggregators or Common
Reference Point Operators as a service deals with the data flow concerning consumer/prosumer
load profiles and/or flexibility potential.

•

B13. The sale of MAS IP to Local Aggregators to maximize price differentials between flexibility
purchases and flexibility sales deals with the business model for the exploitation of the Mas2tering
foreground as it relates to the ICT platform / MAS IP.

•

B14. The sale of MAS IP to In-Home Agent Manufacturers (white goods and renewable energy
technologies) to increase product competitiveness and differentiation deals with the exploitation of
the Mas2tering foreground as it relates to the MAS IP.

Telecom Services
•

B15. Broadband Content, VAS and OTT sales deals with the sale of content licensing, Value
Added Services(VAS) or Over the Top Content (OTT) subscription-based services by Telecom
Operators to combined energy suppliers / LFA for enhanced device abstraction interoperability
within major smart appliance categories connected to ZigBee, Energy@Home, 5G, cloud access
channels, etc.

•

B16. HAN Sales deals with the provision of Smart Gateway and related products / services in the
HAN. According to the specific country and type of market the Telco company may also be the
owner of the device and ask the final user to pay a fixed rate.

Security Services
•

B17.The sale of security software to ensure the secure transport of consumer/prosumer data deals
with how software and data security providers add and take value from the system.

Referral Services

3.5

•

B18. Compensation awarded by suppliers for new client referrals deals with compensation
awarded for client base expansion.

•

B19. Compensation awarded by telecoms for new client referrals deals with compensation awarded
for client base expansion.

Use case / business model opportunities mapping

The business model opportunities map to the project use cases as shown in Table 7.
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Table 7. Mapping of the business model opportunities to the project use cases
Business Model Opportunities

UC1

UC2

x

x

UC3

Flexibility as a Product
B1. Sale of Flexibility by a consumer/prosumer to a Local Aggregator
B2. Sale of Flexibility by a Local Aggregator to the Flexibility Market

x

B3. Sale of Flexibility by a Local Aggregator Service Contract to a predetermined buyer

x

x

Consumer Services
B4. Time-of-use (ToU) optimization

x

B5. Self-balancing

x

B6. Control of the maximum load

x

B7. Bundled Flexibility Management Service

x

DSO Services
B8. Congestion management

x

B9. Grid capacity management

x

Joint Bundled Services
B10.Bundled Contracts (Phone-Internet-Energy) for the providing of In-Home Optimization
and Flexibility Management Services
IP, Knowledge and Data services

x

B11. The sale of congestion point load profile forecasting to local aggregators as a service
B12. The sale of consumer / prosumer consumption data to Local Aggregators or Common
Reference Point Operators as a service
B13. The sale of MAS IP to Local Aggregators to maximize price differentials between
flexibility purchases and flexibility sales
B14. The sale of MAS IP to In-Home Agent Manufacturers to increase product
competitiveness and differentiation
Telecom Business Models

x
x
x

B15. Broadband Content, VAS and OTT sales

x

B16. HAN Sales

x

Security Services
B17.The sale of security software to ensure the secure transport of consumer/prosumer and
aggregated data

x

x

x

Referral Services
B18. Compensation awarded by suppliers for new client referrals to expand their client base
resultant from other actors in the system
B19. Compensation awarded by telecoms for new client referrals to expand their client base
resultant from other actors in the system

3.6

For consideration
outside of UCs

Mas2tering industrial stakeholder business model perspectives

As this deliverable relates to business perspectives, it is interesting to note that each of the established four
project industrials has had a major reorganization in the project lifetime. Telecom Italia (fixed) has merged
with TIM (wireless), GDF has become ENGIE, Cassidian Cybersecurity has become Airbus Defence &
Space Cybersecurity and UPL has become part of SMS-PLC.
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3.6.1

ENGIE (Utility / Supplier (Retailer)

During the course of the project, GDF Suez has become ENGIE. ENGIE is a French headquartered
multinational that operates primarily in the fields of electricity generation and distribution, natural gas and
renewable energy. It employs roughly 235,000 persons, has 1100 researchers across 9 R&D facilities,
invests more than €10 billion annually into its business areas and has an annual turnover of over €90 billion
[56]. The vision and positioning of ENGIE with respect to the smart grid, flexibility management and
Mas2tering concepts can be inferred from its recent transition and rebranding as ENGIE which was
conducted to emphasize the changing nature of its energy business and de-emphasize its historical role as a
nationalized gas monopoly.
“As the world changes, all energies change with it. That’s why GDF SUEZ is now ENGIE.
The world of energy is undergoing profound change. The energy transition has become a global
movement, characterized by de-carbonization and the development of renewable energy sources,
and by reduced consumption thanks to energy efficiency and the digital revolution. Today, the need
is to mobilize all energies, to innovate, gather, and marshal every idea.
With a presence in 70 countries throughout the world and across every energy source, ENGIE
aspires more than ever to be the benchmark energy player in fast growing markets and the energy
transition leader in Europe [56].”
ENGIE has a program and group dedicated to Smart Energy and Environment and at its webpage there are
several videos and reference documents related to smart metering, smart grids, energy storage and ongoing
research efforts in this topic area [56]. Figure 8 is adopted from this webpage and provides a good
visualization of the high, medium and low voltage networks, their communication/tracking requirements and
the emergence of a new actor called the “Aggregator.” The terminology, concepts and vision presented in
the figure and its description are consistent with the Mas2tering approach.
ENGIE R&T smart energy observatory is convinced that the future of energy system will be increasingly
decentralized. The constant fall of the costs of distributed energy resources (distributed generation, storage,
EVs,..) is increasingly improving the business case of new energy services aiming at supporting the
transformation of consumers into prosumers.
Moreover ENGIE R&T smart energy observatory is convinced that this transformation can have a strong
bottom-up component, with a key role played by districts, cities and local communities. The set-up of local
energy communities of prosumers will increasingly be a theme of the on-going energy transition.
Moreover, the on-going digitalization and massive penetration of IoT will increasingly support the
implementation of innovative energy management solutions for prosumers (at individual prosumer level and
within energy communities) and will create natural synergies at prosumers’ premises among energy and
non-energy applications (e.g. security, domotics,..). This will further reinforce the business case of
innovative solutions at prosumers’ premises.
In this context, ENGIE is committed to provide and operate on demand innovative integrated energy
solutions to residential, commercial and industrial consumers:
- to implement distributed energy resources and ensure intelligent energy management at their premises that
ensures the optimal use of energy consumed/produced, in order to reduce energy bills and carbon footprint.
-to develop platforms for the coordination of a portfolio of prosumers, in order to capture additional value
streams beyond individual energy bill optimization and reinforce the business case of the distributed energy
resources . This includes platforms based on centralized and decentralized intelligent systems.
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In centralized control platforms, a central hub is mainly responsible for the optimization of the energy
profiles of the different distributed energy resources, e.g.:
•

Implementation of aggregation platforms to provide flexibility for ancillary services at system
level, by coordinating demand flexibility of resources

•

Active participation in pilot projects (e.g. Gredor, financed by the Wallon Region in Belgium) to
test how DSOs could integrate the flexibility of distributed energy resources (including
flexibility provided by prosumers) into their grid planning and operation, in order to reduce the
needs for traditional grid reinforcements.

•

Active participation in pilot projects to assess the activation of demand flexibility resources at
local level (e.g. Greenlys, supported by the French agency ADEME) to provide flexibility
services to different actors of the value chain (generators, retailers, DSOs).

In decentralized control platforms, the intelligence is distributed across the different prosumers’. The
optimization of their energy profiles results from the exchange of information among them to reach an
optimal working point for the whole community. This is the case of the Mastering platform representing a
technical alternative to other pilots.

Figure 8. ENGIE view of the smart grid (adopted from the ENGIE Smart Energy and Environment
webpage [47])
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3.6.2

Telecom Italia (Telecom)

Telecom Italia is Italy’s largest telecom with operations
primarily in Italy and Brazil. It has over 100 million
customers, approximately 66,000 employees, and revenues
of over €20 billion [57]. The Telecom Italia Group has
recently merged with wireless carrier TIM and has also
embraced a new vision toward sustainability.
“The new vision embraces the approach to sustainability
traditionally adopted by companies as part of their
company strategy to create economic and social value. In
real terms, it is applied to three areas in which Telecom
Italia has identified social emergencies and needs that
require practical solutions. On the one hand, the company
offers its own expertise, infrastructures and new digital
technologies that are increasingly emerging as key factors
in the economic and social growth of Italy and, on the
other, it upholds its commitment to achieving the objectives
of the Digital Agenda. The three areas of intervention are
the following: digitization, connectivity & social
innovation, digital culture, and environmental protection
In accordance with the new approach to corporate
sustainability, for which there can be no economic
development that does not also guarantee an increase in
social wellbeing and the protection of environmental
resources [57]”
Telecom Italia is a leading promoter and founding member
of the Energy@Home association [57], which works
toward the technological standardization and business rules
for interoperable enabling the smart home. The smart
home, smart applications and smart cities are cornerstones
of Telecom Italia’s strategy and tools of how it plans to
realize its vision. Reproduced from the Telecom Italia
webpage, Figure 9 provides a Telecom Italia info graphic
on the smart home.
With respect to Mas2tering, TI is positioning to provide the
smart grid connection point hardware (Smart Gateway),
home energy management services, and data
information/transmission services to the other actors
(customers, DSOs, utilities). These services would be
framed as Value Added Services (VAS) to be bundled with
telco connectivity services and other Value Added
Services.
Customers are already equipped with Access Gateways and
a part of them are already subscribed to other Value Added
Services requiring additional hardware (e.g. Multi-Media
Box): both of these hardware have both the computational
power and connectivity hardware required to host energy
management software.
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In the future, Value Added Services related to the Smart Home context can be offered by the Telecom
Operators. Those services would require a software and hardware environment (virtualized services, user
interfaces, smart home gateways, cloud services) which is suitable to host energy management services
which can be considered a part of the constellation of services that can be offered inside the Smart Home.
The services virtualization for customers and the remotely controllable dynamic software environment
(OSGi and TR-069) can be in the future included in the Access Gateway, a telco asset that can be considered
the “Point of Presence” of the telco in customers premises, allowing the telco to be positioned as service
enabler for the energy management tools provided by other OTTs operating in the energy sector (e.g.
Aggregators), reducing time-to-market for their tools.

Figure 6. Access Gateway and its interfaces [58]
There are already some examples of Value Added Services proposed in the same way. For instance, Netflix
on-demand video service is included in TIMVision commercial offer [58], which is sold to the customers
bundled with home and mobile connectivity services. Netflix enriches the original TIMVision catalogue,
which is accessible through a dedicated decoder. The decoder, at the moment in which Netflix was launched
in Italy (October 2015) was already installed in TIMVision customers premises and this allowed the
instantaneous access to Netflix content on customers televisions without buying or configuring additional
dedicated hardware. In that case, Telecom Italia also provides the billing service: the consumer pays the fee
related to Netflix services directly in their bill for home and mobile and connectivity services.
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3.6.3

SMS-PLC (formerly Utility Partnership Limited)

Smart Metering Systems PLC traditionally operated in the gas sector as metering operator. Again reflecting
the dynamics in the energy markets and positioning for UKs 2019 mandate for all homes and business to
have a smart meter installed, SMS-PLC acquired Utility Partnership Limited who traditionally specialized in
the installation and management of electricity smart meters as well as the monitoring and management of
resulting use data. The merged company employs between 300-500 persons and provides connection
management, metering, data and energy management solutions with the vision to become the UKs leading
independent supplier of smart metering solutions to suppliers in the utility sector.
“SMS Plc can now provide a completely integrated service from beginning to end, from project managing
the installation of the gas and/or electricity supply and connection through to the procurement, installation
and management of the meter asset, data collection and on-going energy management solutions.
This breadth of service makes us completely unique in the industry. There are no other organizations in a
position to be able to offer all of these services simultaneously; meaning that without SMS PLC customers
would need to use several different providers to cover their needs [59].”
With respect to Mas2tering, SMS-PLC is a third party hardware and service provider who would be hired by
utilities or DSOs on the power generation/distribution side to implement smart grid solutions. Additionally,
but only in relation to the UK free metering market, SMS-PLC could be contacted directly from final users
for the provision of next-generation smart meters and integrated flexibility management solutions and
services. With its energy management service portfolio, it is also possible that SMS-PLC could assume the
role of flexibility manager.
3.6.4

AIRBUS Defence & Space (DS) Cybersecurity (European Cyber Security Specialist)

As the European specialist in cyber security, the mission of Airbus Defence and Space (DS) CyberSecurity
is to protect governments, companies and critical infrastructures from cyber threats. Operating from their
three entities in France, Germany and the UK, AIRBUS DS Cybersecurity endeavour to deliver reliable
cyber solutions and services given by the dynamic and agile structures enable a network of trusted partners
in Europe and provide their customers with effective products and services to protect their business against
cyber attacks.
AIRBUS DS Cybersecurity is aware by the fact that Smart Grids provide with clear benefits to the society in
terms of costs and efficiency; however, since new generation of power grid relies on the new smarts control
systems which has strong dependencies on computer network and Internet, it will also make the whole
network infrastructure become vulnerable with potentially devastating results. The importance of ensuring
the reliability and security of the electric sector has increased with the implementation of smart grid
infrastructure. Maintaining the resiliency and privacy of the power grid itself as a critical national
infrastructure is thus, mandatory. Therefore, MAS2TERING aims at addressing the survey of such
infrastructures since the electric market is demanding more and more security, bringing with it a clear
business opportunity.
According to USEF Foundation [USEF Privacy Security Guideline, 2015], the most complex information
systems require security and privacy preservation measures but the protection of individual components is
not sufficient. The add-value of Mas2tering is that not only provides with a platform secured by design in all
its means by protecting all its components independently but it also proposes a cyber-security model focuses
on services that will ensure a high level of cyber-security on the grid helping its customers to mitigate risks
and attain quality control assurance on two levels: Human and Technological.
The need for the 24 hour security monitoring for individuals and business to ensure data privacy due to the
amount of data exchanges between the energy production and consumption sides is crucial. According to
USEF foundation, in general, people will most likely share personal information when they perceive benefits
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but there is still a perceived privacy risk that needs some level of trust between the transacting parties. This
is a gap that Mas2tering will fill.
Within the Mas2tering project, AIRBUS DS Cybersecurity is positioning by providing cyberdefence
services for electricity and IT markets to help in protecting critical infrastructures. A selected portion of the
intended business model of the multi-sided platform is presented forthwith. The description includes
considerations of inputs, outputs and outcomes, which have helped the project to clarify the impacts on
financial, human, intellectual and social and relationship capital. It has also been assessed the desired
outcomes against the actual performance and strategic objectives.
Three Cyber-Security Value Propositions Identified for the MAS Platform:
AIRBUS DS Cybersecurity mainly aims at assessing and reporting systems vulnerabilities by designing and
bringing cyber security situation awareness on deployed systems and offering 3 types of services within the
Mas2tering context. These services offer reducing cyber-security risks to energy infrastructures, detecting
vulnerabilities and suspicious activities in assets such as: CEMS, Smart Meters, MAS, and Services hosted
in the cloud.
Cyber security Service Offer 1: “Cybersecurity Monitoring” - Cyber security awareness service is able
to detect incidents that happen within the network under supervision and makes cross-correlation to
determine if there is an attempt to exploit vulnerability. The service also offers operation and business
impact evaluation but strongly depends on the topology model of the network to monitor. Therefore, an
assessment of the network to be supervised is crucial to determine the scope of the service. This service is
given by Cymerius, the Cybersecurity Hypervisor Tool developed by AIRBUS DS Cybersecurity, in
collaboration with supporting assets such as IDS, SIEM, etc… and it provides decision-support with
mitigation action recommendations, which also require the human valuable work to assess the criticality of
the incidents and deliver a good quality results. Cyber security awareness service may target Data Centers,
Control Centers and IT zones.
Cyber security Service Offer 2: “Vulnerability Survey” - Vulnerability Survey Service basically consists
in gathering all known vulnerabilities provided by public editors in order to mark them and thus, assess
potential risk the customer systems might be exposed to. This service may target static zones as standalone
gateways such as CEMS or Smart Meters.
Cyber security Service Offer 3: “Vulnerability Audit” - Vulnerability Audit Service consists in network
scanning but in the frame of a vulnerability audit. This service is more likely to avoid false positives since it
verifies that the machines indeed possess vulnerabilities and may target assets such as the ones provided by
Mas2tering as well as others electric grid systems.
Revenue Streams Assessed for the MAS Platform’s Cyber-Security Value Propositions:
The main partners for cyber-security revenue sharing is with Metering Provider/operators - responsible for
the deployment of the smart meters; and Telecoms, ICT providers providing the CEMS which exchanges
sensitive information with external grid elements (Of course, DSOs and BRPs/Aggregators/TSOs would
benefit as well). The result from value proposition successfully offered to customer strongly depends on the
service offered.
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High Level Requirements, Initial Market Analysis & Feasibility
Assessment
3.7

High Level Requirements

From the vision, approach, and business context, the elicited High-Level Requirements identified are:
HLR#1 – Scalability: The information system architecture must be well scalable. The number of
components actively involved in the coordination can grow huge quite easily and they may well be
spread over a vast area.
HLR#2 – Openness: Technical interfaces of electrical and thermal equipment (e.g. heating control
systems, hot water production units, storage systems, cooling systems, dishwashers etc.) should be
opened to allow them to participate in demand response programs without changing the implementation
of the system as whole. Therefore, communication between system parts must be uniform and stripped
from all information specific to the local situation.
HLR#3 – Alignment with standards: A standardized information structure linking the different actors
is a vital component to ensure a low cost-to-connect and a low cost-to-serve (e.g. as homes deliver
standardized and interoperable connectivity, accessing their flexibility will become easier). Moreover,
communication standards are needed for a secure exchange between the different market flexibility
participants. Therefore, the Mas2tering framework should be well aligned with the smart-grid
standardization developments and control interfaces should be defined over standard communication.
HLR#4 – Generality: It is important the Mas2tering solution remains enough general as to preserve its
applicability across countries, markets and regulatory frameworks.
HLR#5 - Transparency: The value created in smart energy systems should be allocated to stakeholders
in a fair, transparent, and unambiguous way. In other words, the involved actors and stakeholders must
have access and/or transparency surrounding the economical drivers of the model. In addition, clear price
signals (i.e. indicating the real demand for system flexibility services) are required for the development of
flexibility markets.
HLR#6 -- Interoperability: Interoperability creates a future-proof energy that enables a wide range of
products and services to be deployed at competitive prices in an open, accessible market, without vendor
lock-in.
HLR#7 – Methodology for location specific Mas2tering cost benefit analysis: The costs and benefits
of any variation of Mas2tering deployment will be location dependent. A methodology will be needed to
support the assessment for Mas2tering implementation.
HLR#8 – Advanced Metering Infrastructure (AMI): metering needs to allow verification of the
delivery of flexibility services via adequate metering (i.e. measurements are needed to allocate the right
volumes to the right parties). Capabilities Measurement with an interval, which is used as the settlement
time period (15, 30 or 60 minutes), is a prerequisite for customers trading with their flexibility and the
frequency of the settlement process implies the interval at which the measured values need to be
collected Installation of smart meters with these capabilities would thus be necessary.
HLR#9 – Distribution Grid Management Support: Automation of substations to prove economic
feasibility.
HLR#10 – Data integrity for stakeholders, and privacy for consumers: The introduction of smart
energy systems will create an explosion in the amount of energy usage data captured, from which a
wealth of personal information can be distilled (i.e. the huge volumes of data that smart meters will
generate raise legitimate privacy concerns). Smart energy systems with sensitive data and therefore
require effective measures to preserve security and privacy and all data managed it is required to be
subject to a data policy,
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HLR#11 – Authentication and access control: Actors´ identities, authenticity and authorization are
required to be known and verified.
HLR#12 – Efficient and secure data exchange: The exchange of information among different market
participants should be implemented in a secure and socially acceptable manner. Moreover, it is required
that all participants to be able to securely transmit and authenticate messages.
HLR#13 – Large-scale prosumer engagement: Customer adoption of the new technologies and
services being deployed is ultimately the key to the success of the smart grid (i.e. demand-side flexibility
is based on the assumption that consumers are willing to engage in demand-response activities).
Customers should be empowered to become prosumers (i.e. realizing greater efficiency and monetary
savings and other benefits such as integrated home management).
HLR#14 – Training support packages: The concepts in Mas2tering will be new to many actors and
stakeholders. Clear communication and support will be required for implementation.
HLR#15: Robust local flexibility market design. The market for local flexibility must be thoughtfully
designed to avoid market players from the conduct of any unfair business practices commonly referred to
as “gaming” and can relate to the construct of artificial peaks.
HLR#16: Retail customers should be allowed to provide flexibility. A source of flexibility should
come from demand response (i.e. customers react to price signals and financial incentives by means of
automation) and while many large and energy-intensive industrial customers already use demand
response services (i.e. reducing their electricity consumption when prices are high), at household level,
these services are still at a very early stage.
HLR#17 -- Smart forecasting tools to predict local patterns. Even if forecasting methods for variable
energy generation are quite reliable when considering a large area (i.e. a region), these techniques lack
the necessary accuracy to predict local energy patterns on day-ahead and intra-day timeframes so new
smart prediction tools will be needed in distribution management systems.
HLR#18 – Incentive-compatible flexibility service procurement mechanisms. Find any solution that
avoids the reinforcement and extension of the distribution network by finding a solution of flexibility
services that would result in higher welfare for all the actors involved (DSO´s included). In more detail:
1. The price paid by the DSO for the flexibility has to be lower than the cost of reinforcing
and extending its distribution network (laying down more electricity cables, upgrading
transformers, …). in the long run.;
2. The price paid by the aggregator for moving aggregated loads should never be lower than
the price paid to individual customers for each individual load.
3. Customers´ (e.g. energy and financial savings, knowledge about one’s consumption,
simplicity linked to automation, etc.) outweigh the costs (e.g. potential actions to be
performed, potential loss of autonomy, cost of equipment, etc.) for delivering flexibility.
HLR#19: Flexibility differentiated by time and by location. All the flexibility products delivered from
customers connected to distribution networks should be as far as possible differentiated by time and
disaggregated location information. DSO should make available location information via the flexibility
platform that would enable commercial players – not aware of the network topology – to provide
flexibility services where needed (e.g. activating the right customers in case of demand aggregators).
HLR#20: Flexibility services for congestion management. DSOs should have the right to use system
flexibility services (i.e. from distributed generation and load) for congestion management in order to
solve grid constraints, as a complement to traditional grid reinforcement.
HLR#21: Cost-effective flexibility service procurement mechanism. The chosen flexibility service
procurement mechanism should always be the most cost efficient from a system point of view of
providing flexibility at a given point of time (enough competing players are needed for a functioning
market). It is important that DSO can use flexibility when it is more cost efficient option than traditional
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grid reinforcement (i.e. flexibility from distributed generators and consumers would help to optimise
networks in the most cost-efficient way and to solve local grid constraints).

3.8

Market analysis and feasibility assessment methodology

This section presents the methodology, data and results of an initial market analysis to investigate the
feasibility and potential uptake potential of the Mas2tering solution in the target countries of Belgium, the
UK, Italy, France and Ireland.
As background, innovative solutions within the EU, such as Mas2tering, are promoted and incentivized
through the Energy Efficiency Directive of the EU, in particular in its Art. 15.8 [60]. In summary, and
focusing from Mas2tering perspective, this article states:
•
•

Member States shall ensure that national energy regulatory authorities encourage demand side
resources, such as flexibility, to participate alongside supply in retail markets.
Member States shall ensure that transmission system operators and distribution system operators, in
meeting requirements for balancing and ancillary services, treat flexibility providers, including
aggregators, in a non-discriminatory manner, on the basis of their technical capabilities.

National regulatory system require that TSOs and DSOs, in close cooperation with demand service providers
(Aggregators, ESCOs) and consumers, to define technical modalities for participation in these markets on
the basis of the technical requirements of these markets and the capabilities of flexibility. Such
specifications shall include the participation of aggregators.
In addition, according to Eurelectric, average consumption is not the only factor determining the potential
for demand response. The most important influence will most likely be the share of usage that can be shifted
[7]. In order to assess the 5 markets of focus in Mas2tering (4.2.1) several criteria have been identified
(4.2.2).
3.8.1

Methodology

In order to assess the feasibility and market readiness of the Mas2tering technical solution and business
models in the targeted countries, an initial market analysis is conducted with respect to energy market
policies and incentives, distribution costs, tariff schemes, distributed energy generation and smart appliances
penetration (EVs and Heat Pumps). As the application of Mas2tering is projected for the future smart grid
scenario, as best possible, the year 2020 was utilized as the reference point for this analysis. Consequently,
the category of smart meter availability/penetration was not included as it is projected that nearly all
customers will have a smart meter installed by 2020 [61].
This assessment consists of:
1. Locating the data for each of the above parameters for each target country
2. Evaluating each country as Green, Yellow or Red with respect to evaluation criteria outlined in the
following sub-sections
3. Applying a weighted scoring to each of the parameters and attaining a collective score
4. Conducting a relative comparison of the countries and drawing conclusions from the data
With respect to the relative weighting of each of the parameters, the following simple logic was applied:
•
•
•

Weighting of 2: Parameter of critical importance to enabling flexibility management
Weighting of 1.5: Parameters directly controlled/impacted by the Mas2tering solution
Weighting of 1.0: Parameters relevant to enabling flexibility but not assessed as critical and not one
that Mas2tering can directly impact

Using this weighting scheme, the evaluated parameters receive the following weighting values:
•

Regulatory requirements for enabling flexibility: Allow the flexibility market creation and ensure
the access to it to all actors involved, Consumer/Prosumer, Aggregators, ESCOs, etc. (Weight = 2)
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•
•

•

Tariff schemes: Schemes such as Time of Use or dynamic pricing are the main drivers for load
shifting providing flexibility. (Weight = 1.5)
DG, EVs, Heat Pump penetration: DG is the key parameter for prosumer self-consumption and
EVs and heat pump are high consumption loads that, by shifting their activation, lead to reduce
consumer/prosumer bill and generate benefits to the grid, capacity management. (Weight = 1.5)
There rest of the categories are considered equally important and therefore weighted to 1.

Detailed information of each category and the results obtained are illustrated in the following sections.
3.8.2

Evaluated parameters and target country scoring

Regulatory requirements for enabling flexibility
The essential principle for an equal playing field is that flexibility should have equivalent prospects in the
markets to those of generation. This includes comparable access to markets, comparable compensation and
fair and reasonable risk management. For this category, a comprehensive analysis has already been
performed by the Smart Energy Demand Coalition (SEDC) which is published in its paper “Mapping
Demand Response in Europe Today” [62]. In this analysis, the targeted countries were analysed by the
SEDC according the following criteria:
•
•
•

•
•
•
•
•
•

Participation of aggregated load should be legal, encouraged and enabled in any electricity market
where generation participates
Consumers should have the right to contract with any flexibility service provider of their choosing,
without interference
National regulators and system operators should oversee the creation of streamlined, simple
contractual and payment arrangements between retailers, BRPs and aggregators. These should
reflect the respective costs and risks of all participants.
The aggregated pool of load must be treated as a single unit and the aggregator be allowed to stand
in the place of the consumer
Create unbundled standard products that allow a range of resources to participate, including
flexibility
Establish appropriate and fair measurement and communication protocols
Ensure flexibility services are compensated at the full market value of the service provided
Create market structures which reward and maximize flexibility and capacity in a manner that
provides investment stability
Penalties for non compliance should be fair and should not favour one resource over the other

One outcome of supporting regulatory requirements for enabling flexibility is commercial activity and/or
development in the field. To assess this category in the Mas2tering feasibility analysis, we closely mirror the
evaluation criteria and results of the SEDC study. The Mas2tering evaluation is assessed as follows:
Table 8. Regulatory Requirements Parameter Classification
Green

Regulatory requirements are in place and commercial
activities are underway

Yellow

Regulatory requirements are partially in place and
commercial activities are preliminary or under
development

Red

Regulatory requirements are not in place and commercial
activities appear closed
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Assessment of Regulatory requirements for enabling flexibility in the Mas2tering Targeted Countries
Reproduced from [62], Figure 11 illustrates the current flexibility business situation in Europe

Figure 11 Flexibility business activity in Europe adapted from SEDC [53]
Using this figure, the Mas2tering targeted countries are evaluated as follows:
Table 9. Results of Regulatory Requirements Assessment
Country

Regulatory Requirements
for Flexibility

Belgium

Green

UK

Green

Italy

Yellow

France

Green

Ireland

Green

Proportion of Distribution Costs in Customer Energy Bills
Since 2008 electricity network costs went up by 18.5% for households [16]. The relative percentage of
distribution costs in the end-user s total electricity bill lies in the range of 20% to 40% in the EU countries
signifying that the DSOs structure has a considerable effect on electricity prices.

Deliverable D1.6
Use Cases and Business Models Vision I

48

Version 2.0
January 2016

In the future, distribution costs are likely to increase, as massive grid investments have to be
undertaken. The IEA Energy Outlook estimates that investments in distribution networks will amount
for about two thirds of all transmission and distribution investments by 2020, with this share
growing to almost three quarters by 2035[63].
Hence, flexibility solutions for DSO capacity management has significant potential in maintaining current
price structures, slowing the potential rate of electricity price increases or even decreasing the total cost of
electricity, with a beneficial impact on consumers and the competitiveness of European firms alike.
For the feasibility analysis, an assessment of what markets will derive the most benefit from flexibility
management solutions will be performed as follows where the higher the distribution cost, the higher the
potential benefit (and consequent market demand) of using flexibility to stabilize or reduce that cost:
Table 10. Distribution Costs Parameters
Green

Distribution costs between 30% - 40%

Yellow

Distribution costs between 20% - 30%

Red

Distribution costs between 10% - 20%

Assessment of Proportion of Distribution Costs in Customer Energy Bills in the Mas2tering Targeted
Countries
Using data available in [62-70], the ratio of distribution costs in the Mas2tering target markets are:
Table 11. Distribution Costs Results
Distribution share in the
end-user electricity bill

Evaluation

Belgium

38%

Green

UK

23%

Yellow

Italy

29%

Yellow

France

34%

Green

Ireland

27%

Yellow

Country

Tariff schemes
The tariff scheme at domestic and small industries level is one of the key parameters that enable the use of
aggregated residential flexibility. This is due to the fact that different tariffs applied during the day
incentivise and make profitable the load shifting that generates the flexibility.
Tariff schemes are generally categorized into:
•
•
•

Flat rate (across all times)
Time of Use (different flat rates at established times in a 24 hour period)
Dynamic pricing (variable pricing that mirrors the real-time cost of generating electricity)

Tariff schemes may also have pricing aspects related to:
•

Peak load consumption
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•
•

Scales related to the quantity of energy consumed
Load intensity (100 kW/h consumed in 1 day vs. 1 minute)

Currently, the flat rate tariff is still predominant in Europe. However, the trend is moving toward more
complex tariff structures, such as Time of Use or dynamic pricing, which give consumers greater choices.
Smart meters enable the use of these additional tariffs that in turn empower the end user with the possibility
to shift loads to lower priced periods.
“Dynamic pricing regimes also incorporate some uncertainties such as the responsiveness of
customers, cost of implementation and revenue impacts. However, these uncertainties can be
addressed to a large extent by implementing pilot programs that can help guide the full-scale
deployment of dynamic pricing rates [4].”
Dynamic pricing is currently applied at the wholesale level in several EU countries and it is expected to
growth into the whole grid over time. Regarding the retailer market, Spain has implemented day-ahead time
of use in which every evening, the prices for every hour is published on the website (http://tarifaluzhora.es/).
It would be expected that rest of the EU members will migrate to similar types of scheme.
With respect to tariffs, feasibility in our analysis is assessed as follows:
Table 12. Tariff Parameters
Green

Dynamic pricing, Time-of-Use with three time slots

Yellow

Time-of-Use with two time slots

Red

Flat rate

Tariff schemes in the Mas2tering Targeted Countries
The following table illustrates the current tariffs schemes, obtained from the main retailers webpage, within
the targeted countries to assess the potential of flexibility market.
Table 13. Tariff Results
Country

Type of Tariff
Flat rate

24hr rate

ToU

Dual rate:

Day tariff: 8am-11pm
Night tariff: 11pm-8am

Dual rate
+ Night
time

Day tariff: 8am-11pm
Night tariff: 11pm-8am
Night time: 11pm-8am
(Electrical appliances that
operate solely at night, EV,
Heat pump)

Belgium

UK

Italy

France

Time Slots

Flat rate
ToU
Flat rate
ToU
Flat rate
ToU

24hr rate
Day tariff: 8am-11pm
Night tariff: 11pm-8am
24hr rate
F1: 8am-7pm
F2: 7am-8am/7pm-11pm
F3: 12am-7am
24hr rate
Peak: 8am-7pm
Off Peak: 7pm-8am

Deliverable D1.6
Use Cases and Business Models Vision I

50

Evaluation

Green

Yellow

Yellow

Yellow

Version 2.0
January 2016

Ireland

Flat rate
ToU

24hr rate
Day tariff: 8am-11pm
Night tariff: 11pm-8am

Yellow

Expected distributed generation in 2020
Distributed generation (DG) refers to power generation at or near the point of consumption to avoid or
reduce the cost, complexities or inefficiencies associated with transmission and distribution. DG has
increased and is expected to increase in the EU grid following EU communication/policy recommendations.
In the smart grid environment DG could signify an issue for the network and at the same time be part of the
solution. The fact that local generation is been installed has opened the possibility for Prosumers selfconsumption, which reduces the electricity bill of the end-user. In a community of prosumers, DG also
allows to achieve the self-consumption of the community. On the other hand, DG can lead to capacity
management problems for DSOs, generating congestion in several sections of the network. But, if this DG
can be aggregated and controlled, then it can be used for providing flexibility to DSOs for capacity
management and hence improving the functionality of the grid. It is clear, that higher DG penetration in any
area of the grid, the higher the potential benefit for flexibility management solutions such as Mas2tering.
As such, DG will be assessed as follows as it relates to Mas2tering feasibility:
Table 14. DG Parameters
Green

DG share of total capacity in 2020 higher than 30%

Yellow

DG share of total capacity between 20% - 30%

Red

DG share of total capacity lower than 20%

Assessment of expected distributed generation in 2020 in the Mas2tering Targeted Countries
Using various references (cited in the table below) the projected penetration of DG as a proportion of
capacity in the targeted countries and subsequent Mas2tering evaluation is as follows:
Table 15. DG Results
Country

DG share of total capacity in
2020

Evaluation

Belgium

Current is 5%

Red

UK

15%

Red

Italy

25%

Yellow

France

Current 13%,

Ireland

35%

Red
Green

Expected penetration of Electric Vehicles and Heat Pumps in 2020
Electric vehicles, heat pumps and PV storage are widely cited in various reports, communications and
literature as the technologies most likely to create capacity challenges first. PV has been included in the
previous (distributed generation) part of our feasibility analysis. In this section, the forecasted penetration of
EV and heat pumps in 2020 is investigated with the background that, due to their high electricity
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consumption, in home optimization, proposed by Mas2tering, for those loads will enable a better integration
to the grid as well as the reduction of the electricity bill. By providing flexibility solutions to manage such
new loads, Mas2tering will enable DSOs to maximize the utility of existing network capacity before making
additional grid capacity investments. As such, the higher the penetration of high consumption electrical
devices, the higher the need for solutions such as Mas2tering.
Correspondingly, feasibility with respect to EV and heat pump penetration is assessed as follows:
Table 16. EV / Heat Pump Penetration Parameters
Green

Penetration of EVs > 7.5 and/or Heat pumps capacity > 10 TWh

Yellow

5 <Penetration of EVs < 7.5 and/or Heat pumps capacity > 5 TWh

Red

Penetration of EVs < 5.0 and/or Heat pumps capacity < 5 TW

Assessment of expected penetration of Electric Vehicles and Heat Pumps in 2020 in the Mas2tering
Targeted Countries
The following tables present the expected EV [62-70] and heat pumps penetration on the targeted countries.
Reliable data for heat pump penetration in 2020 was not available and current available data is reported.
Reliable data for Ireland with respect to heat pumps was not located and a rating of Yellow was assumed for
this category corresponding to the situation in the UK.
Table 17. EV / Heat Pump Penetration Results
Penetration of
EV in 2020

Penetration Heat
Pump (current)

Evaluation

8%

1.6 TWh

Green

UK

4.5%

1.54 TWh

Red

Italy

3.75%

9 TWh

Red

France

5.6%

22 TWh

Yellow

Ireland

10%

N/D

Green

Country
Belgium
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3.9

Feasibility assessment results and conclusions

The result of the Mas2tering feasibility analysis is summarized in Table 18.
Table 18. Feasibility assessment evaluation in the target countries

Country

Regulatory
requirements
for enabling
flexibility

(Weight=2)

Distribution
costs in the
electricity bill
(Weight=1)

Type of Tariff
(Weight=1.5)

DG share of
total capacity
in 2020
(Weight=1.5)

Electric
vehicles (%) +
heat pumps
(TWh)
penetration
(Weight=1.5)

Weighted
Score
G=3
Y=2
R=1

Belgium

Green

Green

Green

Red

Green

19.5

UK

Green

Yellow

Yellow

Red

Red

14

Italy

Yellow

Yellow

Yellow

Yellow

Red

13.5

France

Green

Green

Yellow

Red

Yellow

16.5

Ireland

Green

Yellow

Yellow

Green

Green

20

From Table 18, the following conclusions are made:
•
•
•
•

•
•

•

Based on this first initial analysis, Ireland and Belgium are the most suitable countries for
Mas2tering.
Italy, long thought of as a leading market due to its early fielding of smart meters, appears to be
losing its competitive advantage or leading position in Europe (using the criteria in this evaluation)
The UK, commonly thought of as leading with respect to having an open market, may not have the
aspects to make the most use of flexibility solutions on that open market.
Given that the targeted countries have different status for the assessed topics, there is still the need
for standardization and progress toward the goal of a harmonized EU energy market suitable for
flexibility management.
In countries like Belgium and France the high cost of the distribution of electricity opens the
possibility to propose and receive a positive response to new techniques to reduce these costs.
Smart meters were the starting point for more complex tariff schemes, allowing the end users to be
aware that they have the capability to shift their loads to reduce their bill. More complex solutions,
such as Mas2tering platform for remote control, aggregation and optimization of those loads shifting
permit to a group of involved actors to participate and increase its revenues. All targeted countries
share the same flat tariff and time of use tariff schemes with some small differences. Belgium has an
advantage for the flexibility management because it offers a special night-time slot for high
consumption appliances.
In all countries distributed generation has increased and together with the increase penetration of
EVs and heat pumps have triggered DSOs congestion problems and several publication forecast that
this trend will continue in the following decades.
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4

Conclusions

This report has established the vision, approach, high level requirements, business model opportunities and
initial feasibility analysis for the Mas2tering project. The vision is centred on the prosumer and in specifing
the development of a Mas2tering District Energy Management tool and HAN Smart Gateway that enable the
creation of local communities of residential and commercial Prosumers. These prosumers will be fully
empowered to participate in the electricity market at the LVS level of the smart grid, by receiving dynamic
(price or power) signals for better decentralized decision regarding peak shifting, and by self-consumption,
resulting in lower energy bills, and access to the energy market in new ways. Additional value that the MAS
Platform unlocks is focused on DSO monitoring of the LV-grid congestion management situation that can be
used for short or longer-term planning.
Six key results from D1.6 are as follows:
1. A converged business orientation that represents the conceptual requirements of industrial
stakeholder segments: Energy Supplier (Engie), Telecom Operator (TI), Cyber-Security Service
Provider (CCS), DSO (LAB), Metering Company/ESCo (SMS, Plc.), and IP provider (CEA).
2. A first business model scope and vision presented in the form of 19 collaboration opportunities.
There are 10 primary business models (including “Flexibility as a Product”, “Consumer: In home
optimization services”, “DSO: Flexibility services”, and “Joint Services Business Models”), and 9
supporting business models (Including “Knowledge & Data Services”, “Telecom Services”,
Security Services”, and “Referral Services).
3. An alignment of the project vision, optimization approach, project use cases, high level
requirements, and business model opportunities is attained.
4. A mapping between the business model opportunities and the use cases, which facilitates the
alignment of business models (WP1) and technical architectures (WPs 2-6).
5. The identification of 21 High-Level Requirements to be considered across project architecture
design, technology development, and technology validation.
6. The initial feasibility assessment of 5 European target markets (BE, IRE, IT, FR, UK) under three
macro perspective criteria: regulatory requirements, tariff schemes, and penetration of DER
capacity. According to this initial analysis, Belgium and Ireland are most suitable to Mas2tering type
solutions.
A next step in business model development work will include a deeper study into the business strategy and
collaboration opportunities present between the involved actors (D1.5, M24) by completing the Multi-Sided
Business Model Development Tool (Annex B). In parallel, market feasibility analysis will continue with
focus on developing the methodology and information necessary to support quantified analysis of the
business cases and final development of the Mas2tering business models (D1.7, M36).
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Annex A

Glossary of Terms

A-plan: Result of the optimization of an aggregator’s portfolio that maximizes the value of the flexibility
options.
Active Demand and Supply (ADS): Extended demand response including control of local generation and
storage units.
Aggregator: Actor that accumulates flexibility from Prosumers and their Active Demand & Supply and sell
it to the BRP, the DSO, or (through the BRP) to the TSO. The Aggregator’s goal is to maximize the value of
that flexibility by providing it to the service defined in the USEF flexibility value chain that has the most
urgent need for it.
Building Energy Management System (BEMS): Performs in-building optimization and serves as a first
aggregation level.
Congestion management: Refers to avoiding the thermal overload of system components by reducing peak
loads.
Control of the maximum load: Is based on reducing the maximum load (peak shaving) that the Prosumer
consumes within a predefined duration (e.g., month, year), either through load shifting or reduction
Controlled islanding: Aims to prevent supply interruption in a given grid section when a fault occurs in a
section of the grid feeding into it.
D-prognoses: Prognostic of the load profile at the congestion points within an aggregator’s area. This
prognosis is sent by the aggregator to the DSO to be validated.
Day-ahead market: Market in which the contracts are made between seller and buyer for the delivery of
power the following day, the price is set and the trade is agreed
Day-ahead portfolio optimization: Aims to shift loads from a high-price time interval to a low-price time
interval on a day-ahead basis or longer. It enables the BRP to reduce its overall electricity purchase costs.
Demand Response: Changes in electric usage by end-use customers from their normal consumption
patterns.
Distributed Energy Resources (DER): are smaller power sources that can be aggregated to provide power
necessary to meet regular demand.
Distribution System Operator (DSO): The DSO is responsible for the cost-effective distribution of energy
while maintaining grid stability in a given region.
E-program: Balancing program that forms the basis for the imbalance settlement process between the BRP
and the TSO.
Electric Vehicle: An electric vehicle uses one or more electric motors or traction motors for propulsion.
ESCos: The ESCo offers auxiliary energy-related services to Prosumers. These services include insight
services, energy optimization services, and services such as the remote maintenance of ADS assets.
Flexibility: On an individual level, flexibility is the modification of generation injection and/or consumption
patterns in reaction to an external signal (price signal or activation) in order to provide a service within the
energy system. The parameters used to characterize flexibility in electricity include: the amount of power
modulation, the duration, the rate of change, the response time, the location etc.
Forward market: The Forward Electricity Market (energy market) is the venue where forward electricity
contracts with delivery and withdrawal obligation are traded."
Fuel cells: Convert H2 stored energy into power.
Generation optimization: Refers to optimizing the behavior of central production units as they prepare for
their next hourly planned production volume
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Grid capacity management: Aims to use load flexibility primarily to optimize operational performance and
asset dispatch by reducing peak loads, extending component lifetimes, distributing loads evenly, and so
forth. An added benefit may be the reduction of grid losses.
Heat pump: Is a device that provides heat energy from a source of heat to a destination called a "heat sink".
HVAC systems: Heating, ventilating, and air conditioning; is the technology of indoor and vehicular
environmental comfort.
Intraday portfolio optimization: Closely resembles day-ahead optimization, but the time frame is
constrained after closing of the day-ahead market.
Load shedding: Energy utilities' method of reducing demand (load) on the energy generation system by
temporarily switching off distribution of energy to different geographical areas.
Load shifting: Load management technique that aims to move demand from the peak hours to off-peak
hours of the day.
Meshed grid: In the mesh grid topology it is possible to find close loops and the power is delivered through
multiples lines, connected to each other, making a mesh
National capacity markets: Aim to increase the security of supply by organizing sufficient long-term peak
and non-peak capacity.
Over-the-counter market (OTC): Is a decentralized market, without a central physical location, where
market participants trade with one another through various communication modes such as the telephone,
email and proprietary electronic trading systems.
Pluggable business component layer: Business decisions, such as the amount of offered UFLEX or its
price, are outside the scope of the USEF and should be made by the parties implementing USEF. The
pluggable business component layer enables a third party to plug in custom business logic that drives its
actions in a USEF workflow process step.
Power-to-gas units: Provide the opportunity to store excess power in the form of hydrogen and other
renewable gases, or even take it a step further using gas-to-liquid processes.
Primary control or frequency containment reserves: Are the first line of defense against frequency
deviations in the grid caused by, for instance, the unexpected tripping of a large generation unit. Primary
reserves respond rapidly (within seconds). They aim to maintain the grid frequency at 50 Hz (in Europe).
Program time unit (PTU): Period of 15 minutes of the day for which the amount of energy consumed or
produced is balanced
Prosumer: customers who produce electricity primarily for their own needs, but can also sell the excess
electricity. Prosumers are connected to the distribution network with small to medium installed capacity.
Radial grid: is a tree shape topology where do not exist close loops. This means that you start on one bus
and deliver power to the next without the possibility of finding the original bus, except if you turn backward
Redundancy (n-1) support: Refers to actions that help reduce the frequency and duration of outages. An
example is supplying emergency power (or shedding loads) in the event of a severe power shortage, or
supplying backup power during grid maintenance activities.
Retail markets: A retail electricity market exists when end-use customers can choose their supplier from
competing electricity retailers
Retailer: Energy suppliers ensuring that they can provide energy to their end users whenever they need it.
Secondary control or frequency restoration reserves: Are used to relieve the primary control from its duty
and allow it to return to a normal operational state. Secondary control aims to reduce imbalance within one
imbalance settlement period. Secondary control is generally supplied to the TSO based on public bidding
(on the imbalance market) and dispatched based on a merit order. Depending on national regulations,
aggregated loads can also bid in to provide secondary control.
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Self-balancing: Is typical for Prosumers who also generate electricity (for example, through solar PV or
CHP systems). Value is created through the difference in the prices of buying, generating, and selling
electricity (including taxation if applicable).
Self-generation: Production of electricity for own use with a captive power plant installed usually on one's
own premises
Service layer: The service layer provides all the operational data stores required to realize the application
components, a reliable set of communication capabilities, and logging and monitoring.
Smart grids: A Smart Grid is an electricity network that can cost efficiently integrate the behavior and
actions of all users connected to it – generators, consumers and those that do both – in order to ensure
economically efficient, sustainable power system with low losses and high levels of quality and security of
supply and safety.
Smart meter: A smart meter is usually an electronic device that records consumption of electric energy in
intervals of an hour or less and communicates that information at least daily back to the utility for
monitoring and billing
Spot markets: The spot market is a public financial market in which energy is traded for immediate delivery.
Stakeholder: Actors or groups without whose support the organization would cease to exist
Storage unit: Device or physical media that store energy to perform useful processes at a later time
Tertiary control: Resembles secondary control, but it responds more slowly and can be sustained for a
longer time period (several ISPs). It relieves the secondary control from its duty. As with secondary control,
aggregated loads can also supply this service, based on national regulations.
Thermal buffering: A space or other element that reduces the heating and cooling load on another space
located between the space and the exterior.
Time-of-use (ToU): Optimization is based on load shifting from high-price intervals to low-price intervals
or even complete load shedding during periods with high prices
Time-of-use prices: time-varying electricity prices or network tariffs that partly reflect the value or cost of
the electricity and its transportation; these are sometimes also called
Transmission System Operator (TSO): Must ensure that sufficient network transmission capacity is
available for energy to flow freely between its producers and its end users, while maintaining system
balance.
Voltage problems: typically occur when solar PV systems generate significant amounts of electricity. Using
load flexibility by increasing the load or decreasing generation is an option to avoid exceeding the voltage
limits
Wholesale Market: The Wholesale Electricity Market, covers wholesale electricity sales between sellers
(generators and demand side management facilities) and buyers (retailers and large users).
Workflow layer: The workflow layer provides, for each role in the USEF roles model, an implementation of
the processes and business services specified by USEF, specifically the processes defined by the marketbased coordination mechanism (MCM) discussed in the preceding chapters of this document. The adoption
of this layer will result in a USEF-compliant implementation for the selected roles.
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Annex B

Multi-Sided Business Model Analysis Template
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Table 19. Multi-Sided Business Model Analysis Tool
Mas2tering Multi-Sided Business Model Analysis Tool
Value Flow
Value Flow

Flow To (ie.
Who - Buyer)

Customer Value
Proposition
Flow From (i.e. Customer
Market
Seller)
Needs/Pain
Opportunity

Value
Product/Opport Proposition to
unities
Customer (i.e.

Value Delivery
Value Chain
Partners

Value Chain
Collaboration
Strategy

Value Capture

Product Flow
Information
Flow
Fund Flow
Product Flow
Information
Flow
Fund Flow
Product Flow
Information
Flow
Fund Flow
Product Flow
Information
Flow
Fund Flow
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