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This is the Milestone 1 Report created by the University of Cambridge
Energy Policy Research Group. The report analyses and evaluates the
deployment of smart platforms that facilitate the trading of flexibility
services and provides use cases from across the globe. The report is
split into two parts, this being part 1, with the purpose of identifying
key lessons that can be used for the MERLIN project.
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Section 1: Introduction

1

The decentralisation, decarbonisation and digitalisation of the energy
system is creating new business opportunities for all the participants of
the electricity value chain, such as suppliers, demand customers, traders,
aggregators and network operators (e.g. distribution system/network
operators – DSOs/DNOs and transmission system operators – TSOs).
The democratisation of smart technologies (e.g.
smart meters, artificial intelligence, active network
management, blockchain2) in the different components
of the electricity supply chain is facilitating the
management and trading of different flexibility services3
provided by distributed energy resources (DER)4 and
demand customers. This contributes to a more efficient
and reliable operation of the electricity network.
In Great Britain (GB), DNOs are going through a transition
where they are learning, through projects such as
MERLIN, to take on additional functionality that was
previously managed by the TSO. The aim is to potentially
take on the role of a DSO, although this may not
necessarily occur (e.g. DNO and DSO functions may be
separated). In Europe distribution utilities are now referred
to as DSOs by name, but do not have the functionality
of the DSO that we refer to in GB. They are also testing
this functionality through different demonstrators. As this
report is primarily focussed on European studies the term
DSO is primarily used, unless explicitly referring to GB,
where the term DNO is used.These services can be traded
in two ways: between consumers and prosumers within
the same local networks (i.e. microgrids) commonly
known as Peer-to Peer; and within conventional
wholesale and retail markets (end-consumers and DER
with the capability to interact with the grid, usually
aggregated in order to meet grid requirements)5. Many
of the different grid requirements can be in the form of
ancillary services. For instance, in the wholesale market,
ancillary services have been traditionally provided by the
supply side (i.e. transmission-connected generators) and
procured by electricity system operators using different
mechanisms (Anaya and Pollitt, 2020). However, both
the deployment of decentralised generation and the
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transition from passive to active consumers encourage
the participation of new market players in the provision
of flexibility services to the grid6.
Distribution system/network operators are expanding
their options for contracting flexibility services from DER
and active consumers connected to their networks.
This can take different forms: individually, via a common
trading platform that involves several DSOs/DNOs (i.e.
Piclo Flex) or via a common platform for distribution
system/network operators and transmission system
operators who can receive bids for flexibility services
simultaneously (i.e. Cornwall Local Energy Markets,
Nodes)7. Regulation and policies that promote the trading
of flexibility services from DER is still a work in progress
in many jurisdictions. Many of the current initiatives are
still under development, with an important number
of demonstrators that aim to evaluate the economic,
technical and commercial viability. In Europe this
deployment is supported by the European Commission
in the latest Clean Energy Package that entitles DSOs
to procure flexibility using a market-based approach
in coordination with TSOs, limiting DSO flexibility to
managing local congestion and non-frequency ancillary
services8. The Council of European Energy Regulators
(CEER) has also adopted a similar approach9.
Project MERLIN10 (Modelling the Economic Reactions
Linking Individual Networks) aims to develop a transactive
energy management system that optimises economic
network investment, maximises the business case of
industry investors (i.e. DER) and delivers cost efficient
energy to the wider consumers.
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The aim of this Report 1 is to analyse and evaluate the
deployment of smart platforms (operated by DSOs or
by independent parties) in key jurisdictions that facilitate
the trading of flexibility services - primarily by DSOs
- in order to identify key lessons for MERLIN. Special
consideration is given to the way in which economics
and technical solutions are combined in order to
maximise the value of flexibility to DSOs and wider
customers. With the selection of key Use Cases this
study seeks to discuss the different smart architecture
solutions and main capabilities across different
demonstrators and their relationship to business as
usual (BAU). It also analyses flexibility market designs,
identifies main characteristics, and compares different
price formation schemes and procurement methods.
The value of flexibility for DSOs is also discussed. The
report concentrates only on those cases in which
DSOs are the ones that procure flexibility services for
their own use primarily (i.e. constraint management,
balancing). BAU Use Cases that relate to peer-to-peer
only have been excluded.

The structure of the report is as follows: Section 2
provides a background on smart solutions used in the
procurement of flexibility services from DER and a
short discussion of flexibility markets. Section 3 briefly
describes the project (MERLIN). Section 4 discusses
the methodology. Section 5 provides a comprehensive
discussion of each Use Case from different jurisdictions.
The discussion concentrates on different aspects such as
services to be procured (local congestion management,
ancillary services, energy), procurement methods,
(market-based, bilateral), pricing formation (free, regulated
prices), remuneration schemes and smart architecture
solutions. Section 6 presents the initial findings which
will be expanded in Part 2 of the Report.

The report looks at a diverse set of projects/initiatives
from different jurisdictions including Australia, France,
Germany, Great Britain (GB), Japan, Netherlands and
Norway. They have been chosen following a review
of the different national publicly funded programmes
and demonstration projects required by governments
including those subject to regulatory sandbox, European
Commission funded projects and academic and
industry reports. A total of 13 Use Cases were selected.
A questionnaire was designed and filled in for each Use
Case in order to ensure coherence in the discussion and
identification of lessons learned. Further details about
the methodology are provided in Section 4.
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Section 2: Background on smart
platforms and flexibility markets
2.1 Smart architecture solutions for planning
and energy trading
DSOs are deploying new capabilities in order to deal with
the increase of DER and to take advantage of the services
that these can provide to alleviate grid constraints.
Those capabilities can be in different forms, such as new
platforms for planning and energy trading, in order to
manage and operate the networks more efficiently in
line with the increasing number of DER connected to
the distribution grid. Active Network Management (ANM)
and DERMS (Distributed Energy Resources Management
System) are among the BAU tools deployed by DSOs
to manage and optimise DER. ANM is a core part of the
smart grid concept and is used by utilities to manage
network constraints, to respond in real time to a given
trigger, and to monitor the state of the network in real
time (ENA, 2015). ANM has been an instrumental tool for
several Distribution Network Operators (DNOs)11 in GB
in offering flexible (or interruptible) connections to DER,
with 5.7GW of total flexible capacity connected
and 2.6GW of additional capacity projected by 202012.
A DERMS solution helps utilities to manage, aggregate
and dispatch DER more efficiently and to take advantage
of them for several purposes including grid management
and network reinforcement deferral, optimising their
output13. Different market segments can benefit from
DERMS deployment, including utilities, aggregators and
energy markets.
The level of deployment of these smart solutions across
utilities differs. According to Origami (2019)14, GB and New
York are amongst those who use ANM in BAU solutions.
In Europe, for instance, few vendors are able to offer a
full deployment of DERMS (i.e. power flow analysis for
planning in real time)15 in the form of BAU as a standard
has not been reached yet (Silicon Grid, 2020). Many of
the DERMS solutions are developing new capabilities
but only in trials (i.e. Power Potential and MERLIN in
GB). A comprehensive list of DERMS current and future
capabilities can be found at SEPA (2019). In New York,
which is one of the pioneers in the transitioning to a
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modern utility with a set of new functionalities called
the Distribution System Platform (DSP) functions, DERMS
development across Investor-Owned-Utilities (IOUs) is
diverse and is being implemented following a phased
approach.
DSP functions increase over time (Küfeoğlu et al.,
2019). According to NYSDPS (2020), Central Hudson
Gas & Electric is among the most advanced in DERMS
development (DERMS constitutes a key functionality
of the DSP). DERMS is not a standalone tool and along
with the adaptation of Supervisory Control and Data
Acquisition (SCADA) based Advanced Distribution
Management System (ADMS), provides an advanced
solution that will enable the utility to leverage DER for
grid and local reliability benefits, realise value from
DER and benefit from potential distribution investment
deferral (PG&E, 2019). ADMS and DERMS are different
systems, which complement each other when they are
integrated. This integration enables complete distribution
grid and device visualisation, aggregation, forecast and
control from different perspectives16. The development of
ADMS-DERMS solution is still a work in progress with few
products on the market (ABB, 2019).

2.2 Flexibility markets
Smart solutions (e.g. ANM, DERMS, blockchain, smart
meters) along with the deployment of cheaper DER
(especially solar PV) have enabled the deployment
of local flexibility markets. Non-wired solutions are
replacing the selection of more expensive network
investments. Regulation is playing an important role.
Among some interesting initiatives are the adoption of
totex regulation in GB that looks at the total expenditure
rather than separate operational expenditure (opex) and
capital expenditure (capex) allowances (which increases
the freedom to select the optimal option). In Australia,
the Regulatory Investment Test for Distribution (RIT-D)
scheme aims to promote efficient investment in the
distribution network and requires network projects valued
at more than $6million17 to look for non-network options
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Figure 1: Flexibility capacity figures to be
procured by DNOs from GB in 2020
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(i.e. flexibility services from DER) (AER, 2018). Several
countries have established regulatory frameworks for
Virtual Power Plant (VPP) trading (ARENA, 2019). Other
schemes have specific funds for VPP demonstrators such
as in Australia18 and Japan (vehicle to grid – V2G VPP)19.
There are also initiatives such as the Universal Smart
Energy Framework (USEF), which aims to standardise
and trade flexibility proposing an integrated framework
for markets and products20. Figure 1 shows the projected
flexibility capacity per type of product (4 real power
products and 1 reactive power) to be procured by the
DNOs in GB this year.
Source: ENA21
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Most of the current developments in local electricity
markets are focused on peer-to-peer schemes and
only a few of them (i.e. BAU and trials) involve the
participation of DSOs in the procurement of services
from DER for congestion management and ancillary
services. Congestion management is the most common
application for flexibility services. Robinson (2020) notes
that three things are important in local congestion
markets. First, authorisation for all players to participate.
Clearly, in expanding participation to new players, it is
important not to arbitrarily limit participation. Second, in
order to include new players, conditions for participation
may need to be redefined. Third, new markets and
services will need to be established, which is precisely
what MERLIN is doing.
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We can distinguish different approaches that DSOs are
using for procuring flexibility services. First, some of them
are integrated within the same network operator, which
means that the DSO may have an agreement with its
customers to manage directly their generation assets or
flexible loads. In this case, depending on the regulatory
framework, DER can be curtailed if the DSO mandates
this (which happens in Germany).
Second, it can also be via an independent party or
platform where aggregators (or VPP operators) or
independent traders act as intermediators between the
flexibility providers and the utility; in this case, a marketbased approach is used instead in many cases (i.e. GB
congestion management is market-based). However, how
these intermediaries compensate the flexibility providers
(i.e. DER owners) may vary (e.g. fixed rate per year, a fixed
amount per activation etc.). Aggregators are increasing
and expanding their participation in the procurement
of flexibility services to both operators: TSOs and DSOs.
Among those services are load shifting, balancing
services and local flexibility (IRENA, 2019).
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A third category is when the procurement is via an
independent platform (e.g. Piclo-Flex and LCEM in
GB, GOPACS in Netherlands, Nodes in Norway, Enera
in Germany). Often this involves a pay-as-bid pricing
rule with different remuneration mechanisms (e.g.
availability, utilisation, activation or service fee payments).
In this category, the DSO may also procure flexibility
(i.e. congestion management) through existing dayahead and/or intraday markets. Johnston and Sioshansi
(2020) note that for non-wire solutions to upgrades to
network capacity, a platform for trading gives visibility,
the opportunity to meet qualification criteria and allows
competitive procurement.
The Use Cases that are part of this report are within the
three categories described above. A fourth category is
also noted but will not be discussed in detail. This relates
to the flexibility services offered to the TSOs instead, by
aggregators/suppliers (i.e. Vandebron-Tennet project in
Netherlands22) and by DSOs (e.g. the case of ENWL from
GB and United Energy from Australia in the provision of
specific services to NGESO and AEMO respectively).
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Section 3: About Merlin
MERLIN proposes to develop and test dynamic approaches to energy
management, facilitating the move to a smart grid architecture which
will require new power systems economics and analysis techniques.

Project MERLIN (Modelling the Economic Reactions
Linking Individual Networks) aims to develop a transactive
energy management system that optimises economic
network investment, maximises the business case of
industry investors (i.e. DER) and delivers cost efficient
energy to wider consumers. In comparison with
traditional DNOs, MERLIN assesses the power system
response to different events, understanding the effect
economics has on power system physics and how the
physics constrains or facilitates the economics (this
is known as Power System Economics)23. The project
proposes an integrated solution that connects investment
planning with other DSO functions. Due to the transition
of the DNOs to DSOs in the UK and the proliferation of
DER it is important to manage and integrate DER more
efficiently, taking advantage of the support that DER can
provide in grid management and network planning24.
The demonstrator will be implemented in the county of
Oxfordshire25 (SSEN’s Southern Network) and will benefit
from a strong base of active customers, including those
already involved in projects with SSEN in the same area
(i.e. Transition and LEO)26.

IDP is a distribution planning software28 that provides
the DNO with the ability to plan for capital assets taking
into consideration the techno-economic impacts of
DER. Lehmbruck et al. (2020) emphasise the important
role of software solutions in creating virtual power plants
(VPPs) which is essentially what MERLIN is doing at
each DER inclusive node. The software should facilitate
improved forecasting of renewable energy sources,
improved aggregation and improved scheduling of
generation, consumption and storage.

Merlin proposes the development of two platforms:
Open Grid Systems’ Cimphony Concert and Opus
One Solutions’ GridOS platforms27 (GridOS Integrated
Distribution Planning (IDP) and GridOS Transactive Energy
Management (TEM) software platforms) within SSEN’s
owned distribution network. The role of the Cimphony
Concert platform is to transform, store and integrate
data from the source utility system to create a single,
detailed view of the network. An extension of the existing
standardised data models (primarily focused on highlevel network planning) is proposed. The GridOS

Looking at the different Use Cases, described in Section 5,
will help us to identify best practices and to relate them to
MERLIN’s proposals.
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The platform identifies and quantifies different
investment scenarios which facilitate the selection of
the ones with the highest customer value options.
GridOS TE is a transactive energy platform that is able
to quantify the real time value that DER provides to the
grid in the form of hour-ahead and day-ahead economic
pricing signals. Flexibility providers (DER) access GridOS
TE and respond to the DNO’s requirement through the
“Flexibility Exchange”. The GridOS platforms are being
developed by Opus One and the Cimphony platform by
Open Grid Solutions, both project partners.
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Section 4: Methodology for the
Selection of Use Cases
4.1 Methodology

4.2 About the Use Cases

For the selection of the Use Cases we have concentrated
on those where flexibility services are procured by
networks operators (mainly DSOs) to solve congestion
constraints (i.e. peak loads), voltage constraints etc., and
that make use of smart platforms for trading flexibility
services. Most of the existing literature (academic
manuscripts, industrial reports) are focused on peer-topeer energy trading and blockchain (Zhang et al., 2017;
BDEW, 2018; Andoni et al., 2019; Giulietti et al. 2019;
Küfeoğlu et al., 2019) and only few of them look at local
markets to solve network constraints, both at distribution
and transmission (Radecke et al, 2019; Schittekatte
and Meeus, 2019; Heilmann et al., 2020; Johnston and
Sioshansi 2020; Lehmbruck et al., 2020). In this study,
we select a diverse range of Use Cases across different
jurisdictions.

We have deliberately selected Use Cases that cover
diverse perspectives. First, we have covered 13 projects/
initiatives implemented in different countries from
Europe, Asia and Australasia. These operate under
different regulatory frameworks and market rules. They
include projects led not only by network operators (DSOs,
TSOs) but also by independent parties (i.e. independent
platforms and research institutions).

A review of the different national public funded
programmes and demonstration projects required by
governments including those subject to regulatory
sandbox (e.g. Network Innovation Competition
programme in UK29; Smart energy showcases – Digital
agenda for the energy transition in Germany; Australian
Renewable Energy Agency (ARENA) DER projects in
Australia; innovation projects from Minister for Economy,
Transport and Infrastructure (METI) in Japan) was
performed. The review also included key independent
initiatives by DSOs and those funded by the European
Commission.
In order to be consistent in the discussion of Use Cases,
a questionnaire was designed to capture and standardise
key information for each one (see Appendix 1). The
questionnaire has been pre-filled and, in many cases,
personal communications were required (e.g., email,
phone calls) in order to ask for clarifications.
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Second, this report discusses the latest projects, primarily
those recently implemented (from 2017 onwards). The
energy sector is evolving rapidly, with new developments
in the regulatory, technological and commercial arena.
We have a combination of demonstrators (those that
are using real data for solving congestion issues etc.),
demonstrators under proof of concept (such as the case
of Japan with a new V2G VPP proposal that it is expected
to be implemented in 2021 in the balancing market)30 and
those that are already part of BAU (especially independent
platforms and DNOs in GB)
Third, there is also diversity in the type of service/product
to be procured and in the type of flexibility providers
(from residential customers to large generators). In terms
of the services, even though most of them deal with
congestion issues (e.g. due to peak loads), some of them
also involve the procurement of reactive power to solve
voltage issues, either now (e.g. Power Potential and SPEN
in GB) or in the future, such as in the case of Ausgrid (in
second phase of their project).
Fourth, different approaches to market auction design
are observed, with a combination of competitive (i.e.
pay-as-bid) and non-competitive (i.e. regulated prices)
mechanisms, remuneration schemes (availability and/
or utilisation payments) and procurement periods (from
months ahead to day-ahead). Table 1 summarises the
Use Cases.
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Table 1: Summary of Projects/Initiatives

Country

project/initiative
name

project leader(s)

type

start date

status

use of an
independent
platform (e.g.
marketplace,
others)

Australia

Battery Virtual
Power Plant
(VPP)

Ausgrid (DSO)

demonstrator

Jun-18

ongoing (Phase 1
completed)

no

France

Nice Smart Valley

Enedis (DSO)

demonstrator

Jan-17

end Dec. 2019

no

Avacon

Avacon (DSO)

demonstrator

Jan-17

end Dec. 2019

no

The Altdorfer
Flexmarkt (ALF)

FfE e.V.

demonstrator
(proof of
concept)

2017

ongoing (end in
2020)

yes

Power Potential

NGESO (TSO)

demonstrator

2017

ongoing (end in
March 2021)

no

Flexible Power

WPD (DNO)

BAU

Mar-19

ongoing

no (but it can
be also via Piclo
Flex, CLEM)

Flexibility
Services

UKPN (DNO)

BAU

Mar-19

ongoing

yes (only via
Piclo Flex)

Piclo Flex

Piclo

BAU

Mar-19

ongoing

yes (involves
several DNOs)

Cornwall Local
Energy Market

Centrica

trial

May-19

ongoing
(Phases 1 and 2
completed)

yes

V2G
Demonstrator
Project Using EVs
as Virtual Power
Plant Resource

Tepco
(integrated utility:
DSO/TSO)

demonstrator
(proof of
concept)

Jun-18

ongoing (end in
2020)

no

Dynamo

Liander (DSO)

BAU

Q4 2017

ongoing

no

Jan-19

ongoing
(potential
extension to first
DSOs: Liander,
Stedin)

yes, national
platform
(involves several
DSOs)

2018

ongoing
(different
European
countries)

yes

Germany

GB

Japan

Netherlands

Norway

GOPACS

Nodes

TenneT (TSO)
and 6 DSOs

Nodes

BAU

BAU

Based on the analysis of Use Cases we want to explore
the way in which network operators are currently using
flexibility services to deal with grid management issues
and the way that this can be translated into better
operation and planning of the networks.
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Section 5: Use Cases
5.1 Australia
Ausgrid’s Battery Virtual Power Plant (VPP)
The battery VPP trial31 is being implemented by Ausgrid32
in partnership with Reposit Power33 which acts as the
VPP aggregator. The project is part of the Ausgrid’s
Demand Management Innovation Allowance (DMIA)
programme funded by the Australian Energy Regulator
(AER). The aim of the project is to test the technical and
commercial viability of battery VPPs (behind the meter)
that helps with demand reductions and voltage support
services, contributing to the avoidance or deferring of
network investments by Ausgrid34. The dispatch of energy
storage units when required enables Ausgrid to increase
the flexibility of the grid, which translates into lower
costs for the users of the network35. The initiative does
not subsidise the customer equipment (i.e. storage) and
customers do not need to account for solar systems or
smart meters to get involved in the trial.
The project has recently completed phase 1, involving a
total of 237 Reposit Power customers which combined
provide around 1 MW VPP with storage capacity of 2.4
MWh. In phase 2, Ausgrid is planning to include additional
VPP aggregators in order to extend the scope and
scale of VPP and to facilitate greater customer choice.
Customers are paid by Reposit Power in return for the
control of their batteries; the amount of remuneration
depends on the size of the battery and number of
dispatch events (estimated at up to 10-15 times per year).
Customers are required to store energy using the storage
unit and to export any excess to the grid, receiving in
exchange a payment per kWh of energy exported during
each dispatch event36. Repository Power and Ausgrid
have negotiated a rate as function of energy volume
dispatched during the VPP event.
Results from the analysis of the Reposit Power controlled
residential battery systems suggest that under BAU
operation (i.e. without VPP control/specific network
request dispatch) customers still benefit but benefits
are higher with Ausgrid VPP dispatch. According to
Ausgrid, it is important to understand BAU operation,
which represents the baseline in assessing the operation
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of residential batteries when orchestrated as a VPP.
The analysis of the customers was made over a one
year period (to June 2019)37. The BAU operation varies
depending on the type of customer tariff (e.g. flat retail
tariffs, time of use retail tariff)38. Customers with flat
tariffs typically start discharging batteries when energy
consumption is larger than solar energy generation,
while for those with time of use retail tariffs, discharge
happens especially during peak and shoulder periods
avoiding higher retail prices39. Results from phase 1
suggest that using Ausgrid VPP dispatch instead of
BAU battery operation increases the average customer
dispatch power significantly (from 0.69kW to 1.9kW)40.
Customers with an on time average rate benefit not only
from dispatch payments but also due to lower electricity
import during peak times. Customers on flat retail tariffs
benefit from the avoidance of electricity imports and
dispatch payments. A total of $7,800 has been paid to
customers during the four-month period in early 2019
(Ausgrid, 2019).

5.2 France
Nice Smart Valley - InterFLEX
Nice Smart Valley41 is one of the six demonstrators that
are part of InterFLEX project consortium. The project has
been implemented in France (Nice, Lerins Islands, Carros)
by Enedis (DSO) along with key partners. Nice Smart
Valley concentrates on three objectives: creation of a
local flexibility market to solve electrical grid constraints,
exploration of new business models for stationary battery
storage on multi-service basis (e.g. ancillary services,
grid constraint management, self-consumption and
cloud storage42), and MV islanding based on storage
battery system for security of supply and resilience as an
additional service for the DSO in critical constraint areas
InterFLEX-Enedis (2019a). Here we will concentrate only
on local flexibility markets (Use Case 3).
In Use Case 3, the DSO sends a request for flexibility
services (flexibility request) based on a potential
congestion event (a forecasting tool was developed
for this purpose by GE and Enedis43). Different kinds of
flexibility and activation channels were tested44 with
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different trading periods45. The flexibility request (which
involves behaviour and steering-based flexibility46)
is made via the DSO IT platform (E-FLEX) to the
aggregators. E-FLEX manages geographical areas which
facilitate the selection of the right aggregator. Two
aggregators compete for the provision of flexibility:
Engie and EDF, which use different kinds of business
models to offer flexibility47 (for instance Engie considers
3 different models: business-to-business-B2B, hybrid
B2B and hybrid business-to-customer-B2C). The DSO
evaluates the offers from aggregators and selects the
more suitable ones using a merit order approach (with
complete or partial activation). In the trial, Engie and EDF
could only aggregate flexibility from customers that they
supplied with energy. Enedis has estimated the local
upper bound of flexibility value (represented by the lost
load or unserved energy that Enedis could not deliver
in the MV/HV grids48). The value does not represent the
amount that Enedis would pay for flexibility but reflects
the amount of the investment to be made49 According to
Enedis the upper bound of flexibility depends on the case
considered. Enedis proposed a service check in order
for activation of the bids from aggregators on the level
proposed and evaluated the location of the activated
flexibilities. According to Enedis it is very important to
know where flexibility is placed in order to achieve the
maximum forecast quality (i.e. activated volume at MV/LV
substation, MV customer).
Aggregators offered different compensation mechanisms
to customers who participated in the trial50. For instance,
Engie provided a gift card to B2C hybrid customers
(€100 each), a fixed amount of €4,000 vouchers to B2B
hybrid customers, and a combination of fixed amount
(€800/month *3 months) plus a variable compensation
of €70/half-hour of curtailment successfully completed
to each B2B site. EDF compensated flexibility based
on Smart Points (points rewarded to customers due to
load shedding efforts), which were converted into gifts
at the end of the experiment and also via gift vouchers;
however gift vouchers were a decisive factor more often
than Smart Points. In terms of penalties, these were
not applied due to the lack of performance obligation,
however Enedis has been working on different potential
penalties schemes (with fixed and variable parts)
InterFLEX-Enedis (2019b).
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Results from the trial suggest that there were no major
technical issues and remuneration is important to
encourage customer participation, however this would
not be enough due to the low value of flexibility. Then
a coupled solution (i.e. energy efficiency services) in the
case of Engie was required to capture the interest of B2C
customers and small medium enterprise B2B customers.
Results from the field survey performed by EDF at the end
of the trial suggest that for most customers the best way
to reward flexibility is via a reduction in the energy bill.
In the final evaluation of the profitability of the business
model to offer flexibility, the cost incurred to establish
the customer portfolio (i.e. recruitment, remuneration,
etc.) exceeds the current flexibility value set by Enedis
(between 0 and 24€/kW/year) Enedis-ADEeF (2017), which
means that a profitable business model for aggregators
to offer flexibility in specific sites is not currently possible
due the dependency of flexibility on the local value51.
Enedis is currently upscaling this experiment by calling
for competitive tenders to contract flexibility in six new
sites; the open call for tenders is expected in the second
quarter of 202052.

5.3 Germany
The Altdorfer Fleximart (ALF)
ALF is part of the SINTEG funding programme –
“Smart energy showcase – digital agenda for the energy
transition” which aims to develop and demonstrate
solutions in five large regions (showcases or real-world
laboratories) for the period 2017-202053. Those with the
best solutions will be used as models for a large-scale
implementation throughout Germany. The Federal
Ministry for Economic Affairs is behind this initiative
with subsidies over €200m (with an expected €500m
if the contribution of partners is added). It also brings
the opportunity to explore future development of the
legal framework, and test new technologies, processes
and business models (BMWI, 2018). ALF and the other
two SINTEG projects are led by Forschungsstelle für
Energiewirtschaft e. V. (FfE e. V.) in cooperation with
Bayernwerk (DSO) and other partners.
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Figure 2: ALF Flexmarkt Schematic Concept

Source: FfE55

ALF is a demonstration of a market and coordination
platform54 for decentralised flexibility to be used in
grid congestion management. It allocates demand
and supply of flexibility (Flex demand and Flex
providers respectively) under consideration of
boundary conditions and technical constraints.
Not all the options have the same effect in case of
congestion, systems are checked for their effectiveness
(an effectiveness matrix is built) in solving congestion
and weighted with regard to their impact on it. The
matching between flex offers and flex demand is made
using an optimisation system considering boundary
conditions, effective performance and costs. The
connection, measuring and control is implemented
using the smart meter architecture (smart meter
gateway – SMGW) along with a control box. Figure 2
illustrates the ALF Flexmarkt dynamic.

There are two kinds of products to be offered based
on the type of customer: short term and long-term
contract. Within the first category are mainly commercial
customers and power plants (e.g. biomass plants, bulk
consumers, wind turbines, big PV systems). Within
the second one we have consumers/prosumers (with
EVs, heat pumps, PV systems, house storage). The
classification of one or other is based on the ability of
the flex provider to forecast the performance of the flex
option (service to be provided). In the first category, it is
possible to inform the platform about the Flex offer in
the form of a timetable, then individual offers are allowed
(FfE, 2018). In the second category, its availability and
use are “stochastic”, so ALF platform needs to do some
approximations considering all the potential flex options
(in aggregated mode only), considering their
effectiveness too.

Source: FfE55
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Figure 3: Smart Grid Architecture Model

(Source: InterFLEX –
Avacon 2019b, p. 13)

For product 1 (short term), a market based approach
is proposed (pay-as-bid), with only utilisation payment
(€/kW *15min), with daily bids and day-ahead trading
period (day-ahead until 4pm). For this product individual
flex offers are permitted, however the flex offers via
aggregators is a possibility too. Penalties are still to be
defined. Regarding product 2 (long term), a regulated
price applies. The remuneration is expected to be in the
form of a lump-sum payment (size to be defined). Here
the contract length is one year, and the trading period
can be any time but always up to 4pm day-ahead. ALF
platform acts as a kind of aggregator (due to their size
and stochastic response, individual offers cannot be
traded directly but in aggregation form via the platform)56.
Penalties for non-delivery do not apply. For both products
maximum or minimum requirements in terms of capacity
or bid prices have not been defined yet.
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According to FfV, legal and regulatory boundary
conditions have been essential to create the platform
concept. They also remark on the integration of smart
meter infrastructure as an enabler to securely and
efficiently integrate small-scale flexibilities. In terms of
project status, the field test started in October 2019 and
is still ongoing.

Avacon – InterFLEX
The Avacon demonstrator, a three-year initiative (20172019) part of InterFLEX project consortium, proposes
an integrated approach where Avacon (DSO)57 has the
capability to control generation (i.e. solar PV)58 and
residential assets using a smart platform: the Smart Grid
Hub (SGH). Based on the current situation, the majority of
network operators have no direct access to generators in
low- and mid-voltage networks and are only able to send
control and curtailment signals to large groups of units.
This method is imprecise and inefficient, increasing the
risk of curtailing more energy than is necessary.
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The SGH has the ability to access and control small-scale
generators of any type directly at low voltage level via
digital switching and by leveraging the digital metering
infrastructure of the future59. The SGH has two individual
units: the process unit (collects, hosts, aggregates
and provides data for the process unit) and the data
unit (contains the algorithms and logical functions)
(InterFLEX-Avacon, 2017)60. Figure 3 shows the smart grid
architecture model.
The project evaluates three Use Cases: (1) feed in
management (that addresses the efficient control of
local generation such as solar PV), (2) ancillary services
(focused on bi-directional flexibility61 that can be
aggregated from uni-directional sources such as rooftop
PV or heat pumps for preventing grid congestion by
increasing local consumption of renewable energy) and
(3) demand response from flexible loads (such as storage
heaters and heat pumps for improving DSO operation,
increasing hosting capacity for DER and high quality of
supply in LV and MV networks). DER and flexible asset
owners receive payments based on the type of flexibility
service they offer. For instance, renewable generators are
compensated in line with the loss of production62. Others
with flexible loads are entitled to a discount of around
57% of the grid charge63 (Dumbs et al., 2019). In terms of
the switching regime, the charging/interrupting windows
where flexibility is required vary. For instance, for heat
pumps (categorised as interruptible load) Avacon can
interrupt the operation for a period of up to 2 hours, to
a maximum of 3 times per day and with a minimum of 1
hour of operation between two interruptions (InterFLEXAvacon, 2019b).
Results from the Use Cases suggest that overall
curtailments of small scale generators (solar PV) can be
reduced up to 4%64 due to higher precision and finer
granularity of available flexibility (assuming that the
concept of SGH can be applied to all qualified generators
in low and medium voltage networks). In terms of flexible
loads, by shifting load away for peak times, customers
can save up to €60/year; however, this is limited to
customers with a specific type of heater. Results from
the full cost benefit analysis65 shows that the SGH offers
a return on investment within 3 years and capacity
savings up to €2m per year. In terms of the onboarding of
potential customers in the project, one of the main issues
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has been the lack of mobile network coverage in rural
areas, which was a critical criterion for the installation of
digital meter and control box. In addition, and based on
the analysis of Use Case 2, it is necessary to clarify the
way in which interruptible loads are activated (including
EV charges) and to encourage DSOs to take advantage
of the flexibility-based solutions. There are limitations
in the participation of domestic battery systems. The
current rules encourage behind-the-meter applications
only, ignoring the potential to provide flexibility services
in-front-of the meter (InterFLEX-Avacon, 2019b).
Avacon is expecting to scale the project up after the
completion of the smart meter roll-out66, followed by the
development and implementation of control algorithms.

5.4 Great Britain
Power Potential
Power Potential is a trial that aims to create a new
market for reactive power and to generate additional
capacity on the network in order to deal with
transmission and network constraints in the South East
region of England. Due to the increase of renewable
generation connected in this area, the electricity network
is exposed to many challenges related to dynamic voltage
stability and thermal capacity issues. The project looks
for the specific participation of DER in the provision
of reactive and active power using a market-based
mechanism. Power Potential67 is funded by Ofgem via
the Network Innovation Competition (NIC) mechanism.
NGESO, in partnership with UKPN among other key
partners, leads the project68.
The trial allows the participation of DER, individual or
aggregated, with a minimum capacity of 1 MW. The
services are required in four specific Grid Supply Points
(GSPs), and DER are expected to be connected at 11KV or
above for most effectiveness (NGESO-UKPN, 2019b)69.
The trial is composed of three stages: Wave 1, Wave 2
and Wave 370. Wave 1 aims to test the technical solution
(i.e. effectiveness of DER to deliver at each GSP). Here
DER receive a fixed amount of up to £45,000 per site
(participation payment) if they are available around 1,850
hours. Five ranges of hours available have been set with a
minimum payment of £36,000 associated to a minimum
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of 514 hours (NGESO-UKPN, 2019a)71. For active power,
the utilisation price has been set at £150/MWh. These
payments will help to reduce the amount of investment
that DER may be required to make in order to take part in
the trial (i.e. communication and control capital costs per
DER)72. The declaration of the day-ahead availability is up
to 2pm (via web platform/user) followed by an automatic
nomination of available volumes (done in the form of
cost curves in 48 windows of 30 minutes). The duration
of the technical trial of Wave 1 is 11 weeks (1,848 hours).
The financial viability is evaluated in Wave 2. Here DER
compete against each other for the procurement of
reactive power services on a day-ahead basis as in
Wave 1 but with six windows of four hours instead73.
The duration of the market trials in Wave 2 is 13 weeks
(2,184 hours) with daily tenders74. Simultaneous offers to
different GSPs using the same resource is not allowed.
A pay-as-bid pricing regime is proposed, and utilisation
and availability payments are offered for reactive power
services and utilisation payments only for active power.
NGESO has not suggested a maximum value (cap) for
the prices but the costs of other potential alternatives
will be considered in the assessment of bids. Different
parameters are considered in the evaluation of bids, such
as effectiveness factors, costs, and safety considerations.
A DERMS solution has been developed by UKPN to
collect all the information for DER at each GSP, and to
evaluate the offers based on these parameters75. DERMS
passes all this combined information (as a kind of VPP
per GSP) to NGESO76 in the form of a stacked order,
ready to be analysed and the selection made based on
technical requirements for the service in each service
window, considering the counterfactual costs of other
alternatives77. Wave 3 trials simulate the BAU operation
when DER and other providers can participate in the
procurement of reactive power services. It was initially
scheduled to take 2 weeks but the go ahead of Wave 3
is still to be confirmed.

relationship between both parties, roles and the way in
which payments are managed, among other items. In
relation to penalties for reactive power availability, PP
proposes an incentive scheme instead, where DER are
paid fully if the availability proportion (AP) is 0.8 or over,
otherwise the payment is proportional to the ratio (AP);
for details see NGESO-UKPN (2019a, p. 34).
Power Potential is unusual in the way in which flexibility
services such as reactive power are procured. The
service is required by NGESO but UKPN (DNO) is the
one that evaluates and assesses the offers using DERMS,
even though the final decision is made by NGESO.
This helps to solve any conflict that may exist if NGESO
procures flexibility services from DER without considering
the impact that their dispatch might cause in the
distribution grid. This is a good example of DNO and TSO
coordination for the procurement of flexibility services.

Flexibility Services procured by DNOs
Flexible Power – Western Power Distribution
WPD78 has implemented a demand response
programme (Flexible Power) which seeks to procure
flexibility services (demand and generation flexibility) from
different types of participants (e.g. industrial and domestic
customers, communities and cooperatives, aggregators79)
in Constraint Management Zones (CMZs)80. There are
three categories of services, with different remuneration
schemes and subject to maximum values81. WPD has
estimated an average value of around £300/MWh for
flexibility services which represents a combination of
both utilisation and availability (or arming) payments82.
The duration of contracts is variable but usually awarded
for a minimum of 1 year. WPD may also award multiple
contracts within the same CMZs if it is required. Minute
by minute metering data is also a requirement. Table
2 summarises the main characteristics of the different
services.

In terms of contractual agreements, DER and UKPN
are required to sign the DER Framework that sets all the
terms and conditions for the provision of the service
(NGESO-UKPN, 2019a). According to UKPN, there is also
an additional agreement (a kind of Memorandum of
Understanding) between the DNO and NGESO, which
is not in the public domain. The agreement defines the
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Table 2: Flexibility Services procured by WPD

Description

Secure

Dynamic

Restore

Type of service

pre-fault mitigation (to manage
peak demand)

post-fault recovery (usually
under planned outages)

post-fault network restoration
(in unpredictable situations)

Advanced payment

arming payment (£125/MW/h)

availability payment (£5/MW/h)

No

Utilisation payment

£175/MWh

£300/MWh

£600/MWh

Dispatch notice

week ahead on acceptance
availability

15 minutes ahead of
requirement

15 minutes ahead of
requirement

Source: WPD83

Penalties for non-delivery are not applicable but a
reduction of potential revenues is applied instead, in
line with the ratio of capacity delivered over capacity
contracted, among other factors (e.g. grace factor,
penalization multiplier). The size of this depends on the
type of flexibility service84. Piclo Flex acts an intermediary,
and the contractual agreements are between the DNOs
and the flexibility providers.
WPD proposes different channels for the procurement
of flexibility services: WPD owns a demand response (DR)
platform (Flexible Power), via Piclo-Flex platform (BAU)
and Cornwall Local Energy Market (LEM) platform (which
is a trial with Phase 1 and Phase 2). The first platform
is integrated within the DNO, and the two others are
independent platforms, which are discussed below in this
section. WPD is the only DNO that has more than one
mechanism to procure flexibility services (most of the
DNOs procure via Piclo-Flex platform only). Even though
UKPN85, SSEN86 and others use Piclo-Flex for contracting
DR, they use different names for the type of services/
products as we can observe from their respective
websites, although names are in the process of being
standardised.
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In the most recent procurement round (the fourth) in
April 2020, WPD awarded 94.8MW, with a total volume
of contracted flexibility to 217MW87.

Flexibility Hub – UKPN
In its latest tender for flexibility services in April 2020,
UKPN is looking for flexible demand and generation
connected to the distribution network for both high
and low voltage zones88. The service requirements
associated with each type of tender (e.g. capacity, service
periods) are published on the Piclo Flex platform. UKPN
is the first DNO in GB to propose a separate tender to
reduce peak loads on low voltage (LV) substations89.
UKPN’s Flexibility Roadmap proposes three different
applications of flexibility for distribution networks:
(1) load-related reinforcement deferral, (2) managing
planned maintenance, and (3) responding to unplanned
interruptions (UKPN, 2018). Both tenders (HV, LV zones)
refer to the reinforcement deferral applications and are
part of the market testing process. The maintenance
application is expected to be developed later in 2020.
There are three categories of services: Secure (HV),
Sustain (LV) and Dynamic (LV&HV), summarised overleaf
in Table 3:
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Table 3: Flexibility Services in HV and LV zones
– UKPN

Description

Secure

Sustain

Dynamic

Type of service

increase generation or decrease
demand to reduce peak loads
on HV substations

increase generation or decrease
demand to reduce peak loads
on LV substations

increase generation or decrease
demand to meet different
network needs

Availability payment

yes

no

no

Utilisation payment

yes

no

yes

Other payment

no

yes (service fee)

no

Use of caps/ranges

yes (min., max. ranges as
reference)

yes (£47.58/kW/year)

no

Procurement method

pay-as-bid

regulated: service fee

the price is set by flexibility
provider

Minimum bid (MW)

50kW, sustainable for 30min

10kW, sustainable for 30min

variable

Commitment to deliver

at least 6 months ahead

1 month ahead (option for 1
week)

any time (optional)

Type of dispatch

real time

scheduled dispatch

real time but optional

Service windows

yes

yes

no

Contract length

1 up to 7 years

1 up to 7 years

variable

Source: UKPN (2020a,b)

The primary service for HV zones is Secure and for LV
zones is Sustain. In both cases, pre-qualified flexibility
providers can also participate to support any of these
products or to provide other network needs after
registering for Dynamic product provision. This service
is outside the service windows set for HV and LV
zones. Then different combinations of products can
be possible90. A market-based approach is observed in
Secure with availability and utilisation payments while a
regulated price (service fee) is applied in Sustain91. The
requirement of the Dynamic products is very occasional
and then the price is set by the flexibility provider
instead. In contrast with WPD and other DNOs, UKPN
has determined minimum and maximum values as an
indication of the size of remuneration that flexibility
providers will get in HV zones. The range (min, max
values) varies per each site and reflects the present value
of the deferred reinforcement cost. In LV zones there is
not too much diversity in terms of costs and then a fixed
rate in the form of service fee has been proposed.

Page 20

In both cases, UKPN uses a cost benefit analysis
approach to determine the values for HV and LV zones.
In terms of the assessment, UKPN arranges the bids using
a “comparable rate”; the ones with the lowest rates are
selected first. A different methodology for the calculation
of “comparable rate” is applied which depends on the
zones (i.e. HV and LV). For further details about the
different products and characteristics summarised in
Table 3 see UKPN (2020a,b).
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Figure 4: The value of flexibility in HV zones
(lower and upper range) - winter
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Figure 4 shows the lower and upper ranges at each
site expressed in (£/MWh) for winter in HV zones. Taking
into consideration the average value at each site, 22 out
of 45 sites have a value that is over £300/MWh. UKPN
does not provide a value (or ratio like WPD) to each kind
of payment (i.e. availability and utilisation) but instead
an indication of the total payment with minimum and
maximum values (lower and upper ranges respectively).
Then the flexibility providers are free to value differently
each kind of price.

Independent platforms
This section provides a brief discussion of two
independent platforms that trade flexibility services in
GB, Pico Flex and Cornwall Local Energy Market (LEM).
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Piclo Flex platform
Piclo Flex was launched in 201892 . It operates a
marketplace created for the trading of local flexibility
services (i.e. by exporting or importing power to the
distribution network) between flexibility providers and
DNOs, and more recently for the procurement of
reactive power services as well. SPEN is the first DNO
to procure this new service via the platform93. Flexibility
providers usually submit two kinds of payments:
reservation payments (i.e. availability, arming) and
utilisation. The potential providers register their assets
online and submit key information about the kind of
service they can provide. At the moment Piclo Flex
registers over 200 flexibility providers offering more
than 4.5GW of flexibility volume. Flexibility services are
only available to be procured by the DNOs within their
respective Constraint Managed Zones (CMZs). Among the
DNOs with active procurement in March 2020 were UKPN,
WPD and Scottish Power Energy Networks via Piclo.
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Figure 5: Utilisation price occurrences –
Phase 1 and Phase 2
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DNOs require minute by minute metering data and
aggregation of resources is allowed. Each DNO provides
information in their respective websites about the flexibility
services to be procured with different denominations94 and
figures in terms of: (1) names of the services/products to be
procured, (2) duration of the service provided and response
time, (3) minimum capacity (kW), and (4) maximum range
of revenues depending of the service to be procured. In
terms of exclusivity, there are no limitations. Multiple bids
for different assets are accepted but it is not possible to bid
different prices for the same asset. In addition, the capacity
to bid should always be available for the whole service
windows (however the capacity should be less than the
maximum required and higher than the minimum required
by each DNO). Until now, UKPN has procured 43MW95 and
WPD 123.1MW (2018-2019)+94.8MW (2020) (via Piclo and
others).
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Cornwall Local Energy Market (LEM) and WPD
The Cornwall LEM is operated by Centrica and was
launched in 2017. The project is part-funded by the
European Regional Development Fund. The project
aims to develop and implement a market-based solution
to procure flexibility services, locally and nationally.
The network consists of solar and battery systems
installed into 100 homes in Cornwall and low carbon
energy technologies installed in more than 125 Cornish
businesses96. WPD and NGESO are project partners,
among others97. The project involves two mechanisms
for purchasing flexibility services. In Phase 1 “quote and
tender” (May to August 2019) WPD procured flexibility
services (i.e. demand response services) via tenders using
pay-as-bid, with selection of offers made by WPD. Around
11 MVA were signed up in Phase 1 and aggregation was
allowed. Kiwi Power acted as aggregator for 12 sites
and Centrica for 20 domestic customers with battery
installations (WPD, 2019a)98.
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Figure 6: Overview of V2G Aggregator
Project Demonstration
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Source: TEPCO104

Phase 2 (August to December 2019) was based on a
spot market where WPD and NGESO could procure
flexibility services (individually and concurrently), with
a commercial optimisation tool to select the best
offers. Since November 2019 LEM has allowed the
simultaneous procurement of flexibility services by
WPD and NGESO using the same pool of resources99.
The bids for flexibility services by both operators were
matched with offers from flexibility providers (residential
and business) via auctions (months ahead, intraday).
The clearing solution was provided by N-SIDE, which
evaluated the bids and found the optimal clearing
solution considering potential constraints. Results from
Phase 2 show an average utilisation price of around £280/
MWh, however these are less focused around the £300/
MWh (in Phase 1) – see Figure 5. The average reservation
prices were around £18/MW/h (higher than Flexible
Power dynamic service = £5/MW/h), WPD (2020)100.
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5.5 Japan
V2G Demonstrator Project Using EVs
and Virtual Power Plant Resources
The project101 has been awarded a grant under the
Minister for Economy, Transport and Infrastructure (METI)’
FY2018 Sustainable open Innovation Initiative (SII). It is
led by Tokyo Electric Power Company Holdings, Inc
– TEPCO (R&D), which is working with five additional
partners. The project targets the sustainable introduction
of renewable energies as well as power grid stability
enhancement by using electric vehicles (EV/Plug-inHybrid EV:PHEV102)as VPP resources. There is a great
potential for EV/PHEV to support grid management 103).
The project aims to build a vehicle to grid (V2G) system
that utilises the electricity storage capability of multiple
EV/PHEVs as VPP resources. The V2G system enables
supply/demand balancing through bidirectional power
exchange between grid and the resources (e.g. batteries
of EV/PHEV). Feasibility study of commercial service
(V2G) is to be studied in 2021.
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There are two demonstrator project sites: Mitsubishi
Motors Corporation Okazaki Plant and Shizuoka Branch
of Shizuoka Gas. The storage capability of the EV/PHEV
is captured via two resources aggregators placed at each
site (Hitachi Solutions Ltd. and Shizuoka Gas Co. Ltd)
respectively. There is one aggregation coordinator (Tepco
Energy Partner – retail) that aggregated flexibility from
both sites (RAs). This flexibility is then provided to the
DSO/TSO Tepco Power Grid. Figure 6 describes this.
The project aims to test grid stabilisation services with a
focus on (1) congestion management (to absorb reverse
power from DER to manage the capacity of distribution
network) and (2) voltage control (to avoid voltage
fluctuation caused by reverse power flow from DER in
the distribution network using reactive power control).
The service/product to be provided to the grid is based
on the current balancing market rules105. Aggregation of
resources is needed for this106. The service to be provided
is for replacement reserve for FIT (RR-FIT) expected to
operate in 2021. This is a kind of tertiary service product
designed to compensate the forecast error of renewable
energy sources after the gate closure of wholesale
market. A response time within 45 minutes, duration of
3 hours and a minimum bid of 1 MW are among the key
technical requirements for this market. Pricing regime
is based on pay-as-bid, with two kinds of payments:
availability (delta-kW) and utilisation (kWh), with trading
period day-ahead between 12:00pm-2:00pm. The
procurement period is set in intervals of 3 hours per
day, which means a total of 8 product windows per day.
In terms of penalties, if the response deviates from the
tolerance bands (set at +/- 10% of the instructed ΔkW),
the size of the penalty would be 1.5 times the bid price.
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According to Tepco, the project has demonstrated the
viability of the technical solution and the effectiveness
of the proposed V2G business model for the reserve
balancing and network congestion management.
In the next year, the demonstrator will study further
reserve sharing between different sites (i.e. in case of
EV disconnection an unused EV in another site might
supplement capacity) and EV battery aging trend
diagnosis (analysis to be held up to one-year time
horizon). Trading of flexibility services using the VPP
resources in expected to start in 2021.

5.6 Netherlands
Project Dynamo Flexmarktontwikkeling
Dynamo, which uses the open-source USEF framework,
aims to develop and demonstrate an open flexibility
market that enables the procurement of flexibility
services from business and residential consumers
at two locations: Nijmegen-Noord and Zuindplas.
Currently flexibility is provided by large prosumers only
and residential consumers are seen as potential future
participants in congestion management. The project in
Nijmegen-Noord started in Q4 2017 and will be complete
in 2023. The project in Zuidplas started in Q4-2019 and
is expected to complete in 2025107. Liander (a DSO)108 is
leading the project. Flexibility is required in order to avoid
network congestion in the local grid, until the completion
of a new substation. The flexibility in Nijmegen-Noord
is provided by large prosumers such as Lidl (with cold
store and battery at the distribution centre) and Van
del Valk (with heat pump) which should be able to free
capacity at peak-time. Scholt Energy, an aggregator, acts
as an intermediary between the large consumers and
Liander. The aggregator also provides flexibility services
to third parties but only during the months that are not
contracted by Liander for providing this (NovemberMarch). Scholt Energy is informed about the flexibility
requirement one week in advance. There are
no guarantees for a minimum number of activations.
Liander states that the activations are on a basis of
quarters (PTU109) with an average number of activations
per year between 40 and 50. A total of 4-8 consecutive
PTUs is required which means between 6 and 10
activation days per year.
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In terms of payments, the aggregator, which was selected
via a tendering process, receives availability and utilisation
payments for flexibility from Liander. Prices are fixed (per
kW available and kWh delivered) and the ratio (availability/
utilisation) is around 0.9, which means that the value
of availability and utilisation is nearly the same. The
explanation behind the fixed rate is that there is only one
aggregator that provides flexibility; however if the number
of aggregators increases and there is competition, payas-bid would be used instead110. According to Liander, the
ratio was initially higher than 1 in order to attract parties
to participate in the new markets. The payment agreed
with the aggregator is under an NDA, hence the prices
are not publicly available. Regarding the payments to
flexibility providers, they are paid by the aggregator (no
more information is provided). In terms of the length of
contract, flexibility should be provided in line with the
duration of the project, with the option to extend it. There
is no limit in capacity, and units with small capacity can
participate (25-50KW/unit). Flexibility is required usually at
evenings (17:00-19:00) in winter mainly.
There are some initial lessons that Liander has identified.
First, there are difficulties in finding participants for
flexibility markets in the congested areas based on HV/
MV or MV/MV substations. There are few larger clients
with over 100KW connected to these substations and few
aggregators that are active within these areas. Second,
when only a percentage of the whole capacity can be
controlled, the settlement based on allocation points
is difficult (e.g. in the case of Lidl the flexible cooling
load is 0.1 of the Lidl total load at the allocation point of
settlement). Third, not all the sources of flexibility offer
the same level of practicality. While batteries respond
well, quickly delivering a certain amount of MW for a
period of time (MWh), flexibility from cooling is less
practical. Cooling equipment should remain between
specific temperatures and is exposed to externalities
(e.g. weather, arrival of cooling trucks, opening and
closing of cooling doors, etc.).
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Grid Operators Platform for Congestion
Solutions (GOPACS)
Grid Operators Platform for Congestion Solutions
(GOPACS)111 is a cooperation between the TSO (TenneT)
and regional DSOs from Netherlands (Stedin, Liander,
Enexis Groep, Westland Infra, Enduris, Coteq and Rendo)
to solve grid congestion. The coordination between
TSO and DSOs prevents any conflicts as a result of any
congestion-related action by the DSOs or TSO. GOPACS
is not considered a market platform but works with the
Energy Trading Platform Amsterdam (ETPA), a market
platform for intraday wholesale trading112. However, the
participation of additional market platforms is expected in
the short term. ETPA works with more than one platform
and allows orders created for GOPACS that were not
traded to participate in other intraday trades on other
platforms (ETPA, 2019).
Flexibility providers need to have an agreement with
ETPA113 and need to provide a grid connection point
(ENA code) with information about location data.
Network operators inform the platform about their
requirements (i.e. reduction or increase in consumption)
at a specific congested area of the grid. Flexibility
providers receive a request for bids via GOPACS and
those connected to that area can place a buy order. Then
in order to avoid any negative impact on the national
energy balance, an opposite order (sell order) outside
of the congested area needs to be placed too. GOPACS
makes use of Intraday Congestion Spread (IDCONS)
which allows the combination of two orders on a
continuous trading platform for electricity with identical
starting times and duration of delivery. GOPACS is
responsible for checking the suitability of this order so as
to avoid any problem in a different part of the electricity
grid. If everything is fine, the network operator pays the
difference (“intraday congestion spread”) between the
two orders114. A combination of full or partial clearing
orders can be accepted (with the remaining volume still
available on the trading platform (GOPACS, 2019). In
addition to the single offers that can be bought by DSOs,
TSOs or third-party traders, flexibility providers have the
option to offer their flexibility against different prices.
Under this scenario two different offers should be placed
and double activation should be avoided by flexibility
providers USEF (2018).
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Figure 7 illustrates the way that the different partners
interact in GOPACS.
Figure 8 depicts an example of order requirement.
A combination of both buy and sell orders is observed
in specific areas and periods, with 15-minute interval
basis and associated capacity. Payments are made via
the market platform, in the form of pay-as-bid for
dispatching.
According to Stedin, TenneT (TSO) is the only one
currently (April 2020) operating using GOPACS having
traded in 2019 around 36,000 MWh on redispatch in the
intraday market. DSOs will become active in the next
months (starting with Liander) subject to the congestion
issues they may identify. Stedin is also developing
products to be called for via GOPACS (i.e. long-term
contracts with availability and delivery fees).

5.7 Norway
Nodes
Nodes117 is an independent marketplace for trading
localised flexibility and/or energy at transmission or
distribution level. It was established in 2018 as a joint
venture between the European power exchange Nord
Pool and Agder Energi118 (a vertically integrated utility
company119), with equal ownership. Nodes is integrated
within the existing markets, then available local flexibility
(grouped within a grid location – GL) is available for
TSOs, DSOs and also to Balancing Responsible Parties
(BRPs)120. Both TSOs and DSOs are free to decide the level
of granularity of the offers. For instance, the DSO can
define a GL to be all units below a feeder, while for the
TSO it can be a specific area under a highest voltage or
high voltage transformer (i.e. smaller than the day-ahead
one but larger than the DSO’s one). It can be the case
that flexibility is not needed locally (i.e. at the associated
GL) but it can still have a value for TSOs for balancing
purposes or for BRPs in the intraday market; in this case
an interface is used making the flexibility available for
these markets.

Milestone 1 Report

On the other hand, flexibility providers are free to
decide whether flexibility is sold locally or centrally.
Those that elect to sell locally (i.e. at one specific GL)
are exposed to a higher risk due to the difficulty of
rebalancing in the case of an unforeseen unavailability
of some assets. However, if flexibility in the intraday
market is easier to rebalance, then prices for flexibility in
GL are expected to be higher than those in the intraday
(ID market) (NODES, 2018).
Depending on the product Nodes remunerates flexibility
providers based on availability and activation (utilisation)
payments with a variable trading timeline. Flexibility is
remunerated using the pay-as-bid approach. A single
order book is allowed if flexibility providers want to offer
different types of products (e.g. for grid management or
wholesale offers), however the provider is still required
to place separate offers for the same resource (USEF,
2018). In terms of the risk of non-delivery, buyers (DSO/
TSO/BRPs) are responsible, however the provider may
be penalised or excluded from the market in case of
excessive under-delivery. In relation to the flexibility
owners (consumers), there is a separate agreement
between them and flexibility providers, with different
terms and conditions (e.g. to cover cases of non- or
poor-delivery, installation of additional hardware, etc.)
(EC, 2019).
Currently “Nodes” is engaged in projects in different
European countries. The projects aim to solve different
issues at transmission and distribution networks; some
of them have already demonstrated important savings
when using flexibility solutions121. For instance, this is the
case of the German DSO Mitnetz Strom, which could
manage congestion at 110kV network by procuring (via
an aggregator: Entelios) local flexibility from an industrial
park (non-obligatory flexibility), avoiding curtailment
of renewable energy sources. This allowed the DSO
to reduce the curtailment by 3x (in comparison with
conventional RES curtailment) and decrease the cost
of this by 14x (with annual savings of €40k) (Engelbrecht
et al., 2019).
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Section 6: Initial Findings
The report evaluates 13 Use Cases from seven jurisdictions in the
procurement of flexibility services from DER by DSOs using different
schemes. Table 4 summarises initial findings.
The initial findings suggest that most of the DSOs have
or are implementing new capabilities (i.e. smart solutions)
that allow them to manage DER and to optimise their
operation and investment decisions (e.g. deferral of
network reinforcement).
It is also observed that there is no single business
model by which DSOs procure flexibility services; rather,
three different configurations are identified (i.e. directly,
via aggregators and via independent platforms). Some
DNOs in GB use several channels for flexibility (i.e.
WPD). Aggregators (who manage a pool of resources)
mitigate the risks of no procurement via participating
in several markets, while independent platforms bring
more transparency via the specification of capacity
requirements and publishing the results from tenders
online.
In terms of the type of product/service, the most
recurrent service procured is congestion management,
with few current or future initiatives for reactive power
and for voltage control (e.g. TSO-DSO coordination).
Different product names are observed, even within the
same country (i.e. GB).

The total value of flexibility is estimated differently
across DSOs and some of them allocate a value (in the
form of a percentage) to each type of payment: utilisation
and availability. This is mainly in GB and the Netherlands
(Dynamo project has a fixed ratio). In GB, some of the
DNOs have valued some products similarly (i.e. £300/
MWh), based on the results from previous projects.
Flexibility providers have continued bidding at prices close
to this value. However, this is expected to change due to
the transition to a more market-based pricing (i.e. Phase 2
in WPD and the current approach followed by UKPN). In
France, where the value of flexibility estimated by Enedis
is low, potential flexibility providers may be discouraged
from participating.
There are also some interesting key features associated
with each Use Case. Table 4 summarises them. One
of the key issues, for instance, is a lack of participating
flexibility providers. This may discourage the adoption
of competitive tenders.
In Report 1 (Second Part) we will extend the discussion
of the main findings and relate them to MERLIN’s
proposal.

There is also a large range of flexibility providers. Among
them, residential customers are becoming important
participants in local flexibility markets. Aggregators are
facilitating this.
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Table 4: Summary of Findings (Part 1)

flexibility
providers

quantity traded
or to be traded

price rule

use of maximum
prices, ranges
(market-based
only)

up to 1 MW (VPP)

regulated prices
(customers)

not applicable

not directly but
subject to the
value of flexibility
set by Enedis

Country

Use Case

product/service
to be traded/
tested

Australia

Battery Virtual
Power Plant
(VPP)

constraint
management
and voltage
constraints
(phase 2)

residential
battery systems

distribution
grid constraint
(congestion)

hybrid systems
( residential
hybrid boilers,
CHP commercial
building, hybrid
rooftop), flexible
customers
(residential,
industrial)

not available

pay-as-bid
(aggregator),
regulated prices
(customers)

Avacon

distribution
grid constraint
(congestion)

residential
flexible loads
(heat pumps,
storage heaters)
and generation
assets (solar PV)

not available

regulated
prices (non
market-based)

not applicable

The Altdorfer
Flexmarkt (ALF)

constraint
management
(with short
and long term
products)

PV systems, heat
pumps, electric
vehicles, and
storage systems,
such as night
storage heaters,
home batteries

not applicable

short term: payas-bid, long term:
regulated prices
(customers)

not defined yet

France

Nice Smart
Valley

Germany
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reactive and
active power

PV systems, wind
turbines, CHP,
biogas plants,
etc.

40 Mvar
(wave 2) ideally

pay-as-bid
(wave 2)

no

flexibility services
(several)

PV systems, wind
turbines, CHP,
biogas plants,
storage systems,
flexible loads

334 MW by
2020 (already
contracted
94.8 MW)

pay-as-bid (with
regulated prices)

yes

Flexibility
Services (UKPN)

flexibility services
(several)

PV systems, wind
turbines, CHP,
biogas plants,
storage systems,
flexible loads

170 MW by 2020

HV: pay-as-bid,
LV: regulated
price

yes (range
per site)

Piclo Flex

flexibility
services
(several)

PV systems, wind
turbines, CHP,
biogas plants,
storage systems,
flexible loads

depends on
the capacity to
be procured by
DNOs

pay-as-bid

yes (based on
each DNO's
requirements)

Cornwall Local
Energy Market

flexibility
services
(several)

diesel
generators, gas
turbine, flow
battery, domestic
battery clusters,
ice manufacturer

11 MVA (phase 1)

phase 1: payas-bid (with
regulated prices),
phase 2: pay-asclear

yes (Phase 1)

V2G
Demonstrator
Project Using
EVs as Virtual
Power Plant
Resource

Replacement
Reserve - for
FIT (“RR-FIT”)
due to network
congestion,
voltage
constraints

EV batteries
(V2G-VPP)

not applicable

pay-as-bid

no

Dynamo

constraint
management
(congestion)

Lidl (with cold
store and
battery at the
distribution
centre), Van del
Valk (heat pump)

not available

regulated price
(aggregator)

not applicable

GOPACS

constraint
management
(congestion),
TSO-DSO
coordination

PV systems, wind
turbines, CHP,
biogas plants,
storage systems,
etc.

TenneT (36,000
MWh ) intraday
market

pay-as-bid
(trading parties),
TSO/DSO
pay a spread
(difference
between buy
and sell order)

no

Nodes

congestion,
grid
management,
balancing
services

PV systems, wind
turbines, CHP,
biogas plants,
storage systems,
etc.

not available

pay-as-bid

no

Power Potential
(NGESO)

Flexible Power
(WPD)

GB

Japan

Netherlands

Norway
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Table 4: Summary of Findings (Part 2)

Country

Australia

France

Use Case

remuneration
scheme

Battery
Virtual Power
Plant (VPP)

only dispatch (10kW
battery with 10-15
dispatch events can
get paid between
$90-$135 per year)

Nice Smart
Valley

(1) availability/others:
for aggregators
depending on
the Use Case; for
customers: fixed/
variable amounts
to participate in the
trial; (2) utilisation:
for aggregators free

Avacon

(1) availability/
others: Flex loads (a
discount of around
57% of grid charge),
(2) utilisation: DER
compensated in
line with loss of
production

The Altdorfer
Flexmarkt
(ALF)

(1) short term:
utilisation according
to contracted power
and offered price, (2)
long term: lumpsum payment (i.e.
yearly)

Germany
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aggregators

required
(Reposit
Power)

required
(EDF, Engie)

no

optional
(short term),
no (long
term)

smart
solutions/
others

interesting
features/findings

issues

significant increase
in average customer
dispatch power due
to VPP dispatch

(1) need of
accurate shortterm forecasting of
customer demand
to ensure
optimisation of
battery dispatch, (2)
need to investigate
no matching
between accepted
energy & requested
energy distpatch

E-FLEX
platform,
forecasting
tool (developed
by GE & Enedis)

(1) the best way to
reward residential
customers via a
reduction in energy
bill, (2) among the
first DSOs in testing
flexibility from gas
customers

(1) flexibility price
set by Enedis for
flexibility (€24/kW/
year) is too low
to encourage FP
participation, (2)
need to combine
flexibility with other
services (energy
efficiency) to attract
more participants

Smart Grid
Hub (a single
use of DERMS)

(1) overall
curtailments can
be reduced up to
4% due to higher
precision and finer
granularity, (2) use
of smart flex-control
mechanism

(1) not clear rules
regarding activation
of interruptible loads
and the provision of
flexibility services via
in front of the meter
applications, (2) lack/
poor mobile network
coverage

ALF platform,
smart meter
gateway
(SMGW)

(1) identification of
two products: short
term, long term,
(2) smart meters
as an enabler to
small-scale flexibility
integration

legal and regulatory
boundary conditions
have been essential
to create the
platform concept

control
algorithms
(learn and
forecast
household
consumption
and generation)

The Altdorfer Flexmarkt (ALF)
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Power
Potential
(NGESO)

Flexible
Power
(WPD)

GB

Japan
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utilisation (active
and reactive power)
and availability
(reactive power)
availability (secure,
dynamic), utilisation
(secure, dynamic,
restore); with
maximum prices
(£300/MWh secure,
dynamic; £600/
MWh restore)

Flexibility
Services
(UKPN)

availability (secure),
utilisation (secure,
dynamic), service
fee (sustain: £47.58/
kW/year). Range
(with lower and
upper values)
regarding total price
for HV (secure)

Piclo Flex

utilisation and/
or availability
depending on the
service

Cornwall
Local
Energy
Market

phase 1: utilisation,
phase 2: utilisation,
availability
(reservation).
Regulated price
up to £300/MWh
(combined) in
phase 1

V2G
Demonstrator
Project Using
EVs as Virtual
Power Plant
Resource

RR-FIT: (1) paid
for both delta-kW
availability (2) and
kWh utilisation).

(1) procurement
of RP from DER
by NGESO, (2)
coordination
TSO-DSO

long delay
implementation due
to integration issues,
securing participants

DERMS

three different
channels to
procure flexibility

(1) there is still lack
of competition in
many CMZs: in the
latest tender all
contracts (94.8 MW)
were awarded on a
fixed price basis)

optional

DERMS

(1) first DNO in
procuring flexibility
in LV sites, (2) longterm certainty of
delivery

optional

online energy
trading
marketplace

(1) national platform
(involves several
DSOs), (2) neutral
and independent
marketplace

Viability of Piclo's
current business
model in the long
term is not clear

N-SIDE: optimal
clearing
solution with
identification of
constraints

simultaneous
procurement of
flexibility services by
WPD and NGESO
using the same pool
of resources

(1) Phase 1: large
variation in delivering
between providers
(2) Phase 2 prices
were still close to
£300/MWh even
though the use of
pay-as-clear

(1) VPP (V2G)
to support grid
management
including reactive
power, (2)
demonstrated
viability (technical,
V2G business
model)

(1) in the current
solution EVs are
controlled site by site
with no possibility
of switching
capacity (use of
unused EV due to
disconnection of
other EV), however
this will be tested
in the next year, (2)
EV battery aging
analysis is required
due to frequent
charing/discharging

optional

optional

optional, phase
1 (Kiwi Power)

required
(Hitachi
Solutions,
Shizuoka Gas)

DERMS (DSO),
PAS (NGESO)

DERMS
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availability and
utilisation. High
ratio availability/
utilisation (0.9)

dispatch
(utilisation)

Norway

Nodes

Milestone 1 Report

utilisation
(dispatch),
availability

USEF

testing different
ways to procure
flexibility, GOPACS
is the next step

(1) securing
participants and
aggregators, (2)
issues for controlling
whole capacity,
(3) flexibility from
cooling less practical
than batteries

optional

active
management
cooperation
(TSO-DSO)

(1) national platform
(involves several
DSOs and TSO),
(2) interaction with
intraday market, (3)
use of IDCONS

only Tennet is
currently operating

optional

active
management
cooperation
(TSO-DSO)

(1) integrated within
existing markets, (2)
flexibility is available
for all the parties

to ensure
transparency the
platform shoud
be operated by
an independent
neutral party

required (Scholt
Energy)
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Appendix 1: Use Cases description (summary)
Australia (Ausgrid’s Battery Virtual Power Plant – VPP)

About the project

Milestone 1 Report

Name

Battery Virtual Power Plant (VPP)

Location

Australia

Description

Explores the provision of reliable and cost
competitive sources of demand reductions or
voltage support services via VPPs in order to
avoid/defer network investment.

Project/initiative lead (any DSO, TSO, others?)

Ausgrid

Project/initiative partners

phase 1: Reposit Power (VPP aggregator), phase
2: Reposit Power plus 2 aggregators

Type of project/initiative (trial, business as usual)

trial

Start date

phase 1: June 2018, phase 2: June 2019

End date (leave blank if this is BAU)

phase 1: June 2019, phase 2: June 2021

Government/local authority/EU funded
(Yes/No)

no – funded by customers via Regulatory
innovation fund

Name of the programme/scheme (e.g. SINTEG
in Germany, NIC in UK, other)

Demand Management Innovation Allowance
(DMIA) programme from AER

Problem(s) to solve (e.g. congestion
management, voltage or thermal constraints,
other)

constraint management and voltage constraints,
both for short term only, in order to avoid/defer
network investment. Grid voltage to manage
fluctuations to be tested in phase 2.

Flexibility providers (solar PV, batteries, heat
pumps, etc.)

residential battery systems
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Name/type of product

phase 1 (with one aggregator: Reposit Power):
with several customers to create 1MW VPP

Problem to be solved

network constraints (via demand response)

Price rule (e.g. pay-as-bid, pay-as-clear, other)

regulated price (remuneration to customers by
the aggregator), negotiated rates (remuneration
to aggregator by Ausgrid)

Remuneration scheme (e.g. availability,
utilisation, both, number of activations, other)

utilisation (dispatch)

Price formation for availability (e.g. regulated,
free, other, na)

per negotiated rates with aggregator

Price formation for utilisation (e.g. regulated,
free, other, na)

regulated price for customers (e.g. 10kW
battery with 10-15 dispatch events can get paid
between $90-$135 per year); negotiated rate
(aggregator)

Maximum price for availability ($/kW)

per negotiated rates with aggregator

Maximum price for utilisation ($/MWh)

per negotiated rates with aggregator

Minimum bid (MW)

not applicable

Maximum bid (MW)

not applicable

Length of contract

in line with the duration of the trial period,
4 months for phase 1 (March-June 2019)

Procurement period (the time when the
service is provided)

variable depending upon need but typically
4:00-9:00pm for overload

Trading period (e.g. day-ahead until 4pm, or
between 10am-12pm, others)

offers for dispatch can be made at any time,
customers choose to accept or reject

Number of tenders per year or periodicity
(monthly, quarterly, anytime, other)

in line with the duration of the trial (phase 1,
phase 2)

Define the party that trades (e.g. direct trading,
via aggregators, both)

Reposit Power (VPP aggregator) pays the
residential customers based on the number
of activations.

DER/flex loads connection point (LV, other)

LV

Are residential customers involved in the
provision of flexibility services? (yes, no)

yes

Use of DERMS for the project (yes, no, na)

no, DERMS used at this stage. Potential for
testing of DERMS capability in later stages
of trial.

DSO-DSO coordination (yes, no)

no

DSO-TSO coordination (yes, no)

no

Grid management need (DSO, TSO, both)

DSO

Penalties for non-delivery (yes, no). Specify
trigger for non-delivery (e.g. if availability is
less than 60% then zero payment)

no penalties, no triggers for non-delivery.
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France (Nice Smart Valley-Interflex)

About the project

Milestone 1 Report

Name

Nice Smart Valley

Location

France (Carros, Nice, Lerins Islands)

Description

The Nice Smart Valley initiative aims to test
different experiments that promote the use
of more decentralised electricity production,
storage and flexible loads to solve grid
constraints.

Project/initiative lead (any DSO, TSO, others?)

ENEDIS (DSO)

Project/initiative partners

energy suppliers (Engie, EDF), DSO for gas
(GRDF), industrial partners (GE Grid Solutions,
SOCOMEC)

Type of project/initiative (trial, business as usual)

demonstrator

Start date

Jan-17

End date (leave blank if this is BAU)

Dec-19

Government/local authority/EU funded
(Yes/No)

yes, supported by the European Commission
(Research and Innovation Program Horizon
2020)

Name of the programme/scheme
(e.g. SINTEG in Germany, NIC in UK, other)

InterFLEX

Problem(s) to solve (e.g. congestion
management, voltage or thermal constraints,
other)

depending on the Use Case (e.g. power supply
issues, congestion)

Flexibility providers (solar PV, batteries, heat
pumps, etc.)

hybrid systems ( residential hybrid boilers,
CHP commercial building, hybrid rooftop),
flexible customers (residential, industrial)
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Name/type of product

three different use cases: (1) MV islanding
system to reduce the impact of outages on
the grid, (2) multiservice use of distribution
grid connected battery storage systems, (3)
flexibility mechanism to manage distribution
grid constraints. Here we focus on Use Case 3.

Problem to be solved

distribution grid constraints

Price rule (e.g. pay-as-bid, pay-as-clear, other)

aggregators: paid by Enedis (pay-as-bid,
regulated) - ideally but not in the demonstrator;
customers: paid by aggregators (regulated
price)

Remuneration scheme (e.g. availability,
utilisation, both, number of activations, other)

aggregators: availability and/or utilisation
depending on the Use Case customers: fixed/
variable amounts to participate in the trial

Price formation for availability/others (e.g.
regulated, free, other, na)

aggregators: regulated (fixed price for
investment postponement) customers: fixed/
variable remuneration to participate in the trial

Price formation for utilisation (e.g. regulated,
free, other, na)

aggregators: free (for opportunistic schemes:
maintenance operation)

Maximum price for availability (€/kW)

Enedis has estimated a theoretical maximum
value of up to €24/kW/year (represents the
value of the current investment planning rules)

Maximum price for utilisation (€/MWh)

not applicable

Minimum bid (MW)

not applicable

Maximum bid (MW)

not applicable

Length of contract

in line with the duration of the demonstration

Procurement period (the time when the service
is provided)

day-head, intraday. Different intervals
depending on the season, type of customer
and type of technology (i.e. B2C on weekdays:
12h-14h, 18h-20h in summer, 18h-20h in
winter).

Trading period (e.g. day-ahead until 4pm, or
between 10am-12pm, others)

day-ahead: deadline for sending calls for bids
by Enedis up to 2:30pm, end of receiving
aggregator' bids at 4:00pm

Number of tenders per year or periodicity
(monthly, quarterly, anytime, other)

not applicable but according to Engie regular
tenders should be organised based on Enedis's
need. This is key for the aggregator to envisage
the size of remuneration and development of
flexibility offers in the zone.

Define the party that trades (e.g. direct trading,
via aggregators, both)

aggregators trade with the DSO (Enedis)
and customers (flexibility providers) with
aggregators

Milestone 1 Report

DER connection point (LV, other)

mostly LV, B2B customers connected on MV

Are residential customers involved in the
provision of flexibility services? (yes, no)

yes (residential and industrial)

Use of DERMS for the project (yes, no, na)

no, E-FLEX is the tool developed by Enedis (for
request, offers, bids, portfolio management).
Constraints forecast made with Enedis
industrialised tool.

DSO-DSO coordination (yes, no)

no

DSO-TSO coordination (yes, no)

no

Grid management need (DSO, TSO, both)

DSO

Penalties for non-delivery (yes, no). Specify
trigger for non-delivery (e.g. if availability is less
than 60% then zero payment)

not applicable in the project but in evaluation
by Enedis (package)

Others
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Name

The Altdorfer Flexmarkt (ALF)

Location

Germany (Altdorfer )

Description

ALF is a demonstration of a market and
coordination platform for decentralized
flexibility for use in grid congestion
management. It therefore allocates demand
and supply of flexibility under consideration
of boundary conditions and technical
constraints. The connection, measuring and
control is implemented using the smart meter
architecture.

Project/initiative lead (any DSO, TSO, others?)

Forschungstelle für Energiewirtschaft e.V

Project/initiative partners

Bayernwerk AG (DSO)

Type of project/initiative (trial, business as usual)

demonstrator

Start date

2017

End date (leave blank if this is BAU)

2020

Government/local authority/EU funded
(Yes/No)

yes, Federal Ministry of Economics and
Technology (BMWi)

Name of the programme/scheme
(e.g. SINTEG in Germany, NIC in UK, other)

part of the “Smart Energy Showcase - Digital
Agenda for the Energy Transition” – SINTEG
funding program by the Federal Ministry of
Economics and Technology (BMWi)

Problem(s) to solve (e.g. congestion
management, voltage or thermal constraints,
other)

congestion management

Flexibility providers

technology agnostic with a focus on small
flexibility options like PV systems, heat pumps,
electric vehicles, and storage systems, such
as night storage heaters, home batteries.

Milestone 1 Report

Auction design
and trading
mechanism

Others
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Name/type of product

two products: short term and long term

Problem to be solved

congestion (bidirectional trading)

Price rule (e.g. pay as bid, pay as clear, other)

short term: pay-as-bid, long term: regulated

Remuneration scheme (e.g. availability,
utilisation, both, number of activations, other)

short term: utilisation according to contracted
power and offered price, long term: lump-sum
payment (i.e. yearly)

Price formation for availability (e.g. regulated,
free, other, na)

not applicable

Price formation for utilisation (e.g. regulated,
free, other, na)

short term: free, €/(kW *15 min), long term:
regulated price (fixed price, tbc)

Maximum price for availability (€/kW)

to be defined

Maximum price for utilisation (€/MWh)

to be defined

Minimum bid (MW)

to be defined

Maximum bid (MW)

to be defined

Length of contract

short term: daily, long term: yearly

Procurement period (the time when the service
is provided)

short term: day-ahead, long term: any time

Trading period (e.g. day-ahead until 4pm, or
between 10am-12pm, others)

short term: day-ahead until 4 pm, long term:
any time but until day-ahead until 4pm

Number of tenders per year or periodicity
(monthly, quarterly, anytime, other)

not applicable

Define the party that trades (e.g. direct trading,
via aggregators, both)

short term: both, long term: other

DER connection point (LV, other)

short term: all voltage level possible with focus
on LV and MV, long term: focus on LV

Are residential customers involved in the
provision of flexibility services? (yes, no)

yes

Use of DERMS for the project (yes, no, na)

only as external suppliers

DSO-DSO coordination (yes, no)

within the general C/sells concept

DSO-TSO coordination (yes, no)

within the general C/sells concept

Grid management need (DSO, TSO, both)

in field test only DSO, both possible within
concept

Penalties for non-delivery (yes, no). Specify
trigger for non-delivery (e.g. if availability is less
than 60% then zero payment)

short term: tbd, long term: no
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Name

Avacon

Location

Germany (Lüneburg)

Description

The Avacon demonstrator, a three year
initiative (2017-2019), proposes an integrated
approach where Avacon (DSO) has the
capability to control generation (i.e. solar PV)
and residential assets using a smart platform:
the Smart Grid Hub (SGH). The SGH enables
seamless integration of DSO grid control
systems with the national smart meter
framework.

Project/initiative lead (any DSO, TSO, others?)

Avacon (DSO)

Project/initiative partners

no funded partners in the Avacon-led work
package

Type of project/initiative (trial, business as usual)

demonstrator

Start date

Jan-2017

End date (leave blank if this is BAU)

Dec-2019

Government/local authority/EU funded
(Yes/No)

yes, supported by the European Commission
(Research and Innovation Program Horizon
2020).

Name of the programme/scheme
(e.g. SINTEG in Germany, NIC in UK, other)

InterFLEX

Problem(s) to solve (e.g. congestion
management, voltage or thermal constraints,
other)

congestion

Flexibility providers (solar PV, batteries, heat
pumps, etc.)

residential flexible loads (heat pumps, storage
heaters) and generation assets (solar PV)

Milestone 1 Report

Auction design
and trading
mechanism

Others
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Name/type of product

three different use cases: (1) Feed in
management, (2) Ancillary services,
and (3) Demand response.

Problem to be solved

congestion

Price rule (e.g. pay as bid, pay as clear, other)

other: non-market approach

Remuneration scheme (e.g. availability,
utilisation, both, number of activations, other)

DER: Remuneration for lost generation.
Flex loads: Flat discount on grid charge.

Price formation for availability (e.g. regulated,
free, other, na)

regulated: Flex loads (a discount of around
57% of grid charge). This discount applies
independently of utilisation.

Price formation for utilisation (e.g. regulated,
free, other, na)

regulated: renewable energy producers
are compensated in line with the loss of
production (FIT).

Maximum price for availability (€/kW)

not applicable

Maximum price for utilisation (€/MWh)

not applicable

Minimum bid (MW)

not applicable

Maximum bid (MW)

not applicable

Length of contract

DER: Participation is legal requirement &
precondition to qualify for FIT. Flex loads:
Opt-in anytime, independent of demonstrator.

Procurement period (the time when the
service is provided)

DER: Precondition to qualify for FIT, as such
practical default. Flex loads: Opt-in with
connection request.

Trading period (e.g. day-ahead until 4pm,
or between 10am-12pm, others)

agreed with the DSO, depends on the type
of service

Number of tenders per year or periodicity
(monthly, quarterly, anytime, other)

not applicable

Define the party that trades (e.g. direct trading,
via aggregators, both)

Avacon manages directly generation and
residential assets via the Smart Grid Hub (SGH)
platform (integrated platform at DSO's premise).
DER curtailment can be triggered by DSOowned congestion or be requested by TSO.

DER connection point (LV, other)

LV only

Are residential customers involved in the
provision of flexibility services? (yes, no)

yes

Use of DERMS for the project (yes, no, na)

no, use of Smart Grid Hub (with two units:
data and control). SGH has interface to
SCADA/ADMS, SGH can be considered a
single use case DERMS.

DSO-DSO coordination (yes, no)

no

DSO-TSO coordination (yes, no)

no

Grid management need (DSO, TSO, both)

DSO

Penalties for non-delivery (yes, no). Specify
trigger for non-delivery (e.g. if availability is
less than 60% then zero payment)

DER: Non-participation results in loss of FIT.
Flex loads: Non-compliance results in loss
of discount.
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Name

Power Potential

Location

GB

Description

Power Potential aims to create a new market
for reactive power and to generate additional
capacity on the network in order to deal with
transmission and network constraints in the
South East region of England.

Project/initiative lead (any DSO, TSO, others?)

NGESO

Project/initiative partners

UK Power Networks, Smart Grid Solutions,
Ziv Automation, Imperial College London,
University of Cambridge

Type of project/initiative (trial, business as usual)

demonstrator (with different stages: Wave 1,
Wave 2, Wave 3)

Start date

Dec-17

End date (leave blank if this is BAU)

Mar-21

Government/local authority/EU funded (Yes/
No)

yes

Name of the programme/scheme (e.g. SINTEG
in Germany, NIC in UK, other)

Network Innovation Competition (NIC)

Problem(s) to solve (e.g. congestion
management, voltage or thermal constraints,
other)

voltage and thermal constraints

Flexibility providers (solar PV, batteries, heat
pumps, etc.)

mainly DER connected at 11KV or over.

Milestone 1 Report

Auction design
and trading
mechanism

Name/type of product

reactive power and active power (here we focus
on reactive power, Wave 2 only)

Problem to be solved

voltage constraints

Price rule (e.g. pay-as-bid, pay-as-clear, other)

pay-as-bid

Remuneration scheme (e.g. availability,
utilisation, both, number of activations, other)

utilisation and availability

Price formation for availability (e.g. regulated,
free, other, na)

free (monthly payments)

Price formation for utilisation (e.g. regulated,
free, other, na)

free

Maximum price for availability (£/kW)

it is not informed but lower than other potential
alternatives

Maximum price for utilisation (£/MWh)

it is not informed but lower than other potential
alternatives

Minimum bid (MW)

1 MW

Maximum bid (MW)

no provided

Length of contract

variable depending on the windows committed
to provide the service

Procurement period (the time when the service
is provided)

around 15 weeks (Wave 2 only), DER can bid for
one day or more (days/weeks)

Trading period (e.g. day-ahead until 4pm, or
between 10am-12pm, others)

day-ahead up to 2pm

Number of tenders per year or periodicity
(monthly, quarterly, anytime, other)

daily tenders (up to 15 weeks), DER have the
option to submit bids for several days or weeks

Define the party that trades (e.g. direct trading,
via aggregators, both)

DER trades with UKPN based on the terms
and conditions set at the DER Framework
Agreement

DER/flex loads connection point (LV, other)

MV, HV

Are residential customers involved in the
provision of flexibility services? (yes, no)

no

Use of DERMS for the project (yes, no, na)

yes (developed by Ziv Automation)

DSO-DSO coordination (yes, no)

no

DSO-TSO coordination (yes, no)

yes

Grid management need (DSO, TSO, both)

based on NGESO's needs mainly but with
capability to solve conflicts at distribution level
too (distribution-transmission interface)

Penalties for non-delivery (yes, no). Specify
trigger for non-delivery (e.g. if availability is less
than 60% then zero payment)

DER are paid fully if the availability proportion
(AP) is ≥ 0.8, otherwise the reactive power
availability payment is proportional to AP

Others

Milestone 1 Report
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Great Britain (Flexible Power – WPD)
Name

Flexible Power (WPD)

Location

GB

Description

Utility owned platform to trade flexibility
services from generators and flexible loads to
alleviate congestion within WPD's service area.

Project/initiative lead (any DSO, TSO, others?)

Western Power Distribution (DNO)

Project/initiative partners

About the project

Type of project/initiative (trial, business as usual)

BAU since 2019

Start date

2019

End date (leave blank if this is BAU)

Page 48

Government/local authority/EU funded (Yes/
No)

no

Name of the programme/scheme (e.g. SINTEG
in Germany, NIC in UK, other)

not applicable

Problem(s) to solve (e.g. congestion
management, voltage or thermal constraints,
other)

constraint management via demand response

Flexibility providers (solar PV, batteries, heat
pumps, etc.)

different types, including generation (up)
and flexible loads (down)

Milestone 1 Report

Auction design and
trading mechanism

Others
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Name/type of product

three type of products (secure, dynamic,
restore)

Problem to be solved

network constraints

Price rule (e.g. pay-as-bid, pay-as-clear, other)

pay-as-bid with regulated prices

Remuneration scheme (e.g. availability,
utilisation, both, number of activations, other)

availability (secure, dynamic), utilisation (secure,
dynamic, restore)

Price formation for availability (e.g. regulated,
free, other, na)

availability: free with regulated prices (secure,
dynamic)

Price formation for utilisation (e.g. regulated,
free, other, na)

utilisation: free with regulated prices (secure,
dynamic, restore)

Maximum price for availability (£/kW)

see below

Maximum price for utilisation (£/MWh)

the maximum price for availability and
utilisation to be around £300/MWh (combined),
for restore service only utilisation (up to £600/
MWh).

Minimum bid (MW)

information no provided

Maximum bid (MW)

limited to the capacity procured at each site

Length of contract

usually 1 year, up to 4 years

Procurement period (the time when the service
is provided)

variable (months/years)

Trading period (e.g. day-ahead until 4pm, or
between 10am-12pm, others)

variable (months/years ahead)

Number of tenders per year or periodicity
(monthly, quarterly, anytime, other)

depends on WPD's needs but usually two per
year

Define the party that trades (e.g. direct trading,
via aggregators, both)

WPD trades directly with flexibility providers
(including aggregators)

DER/flex loads connection point (LV, other)

LV, HV

Are residential customers involved in the
provision of flexibility services? (yes, no)

It can be if they are aggregated

Use of DERMS for the project (yes, no, na)

yes

DSO-DSO coordination (yes, no)

no

DSO-TSO coordination (yes, no)

no

Grid management need (DSO, TSO, both)

DSO

Penalties for non-delivery (yes, no). Specify
trigger for non-delivery (e.g. if availability is less
than 60% then zero payment)

penalties for non-delivery are not applicable
but a reduction of potential revenues instead .
Methodology depends on the type of product.
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Great Britain (Flexibility Services - UKPN)

About the project

Name

Flexibility Services (UKPN)

Location

GB

Description

UK Power Networks is looking for flexible
demand and generation connected to the
distribution network for both high and low
voltage zones. The procurement process is
via Piclo Flex.

Project/initiative lead (any DSO, TSO, others?)

UK Power Networks (DNO)

Project/initiative partners

not applicable

Type of project/initiative (trial, business as usual)

BAU

Start date

2019

End date (leave blank if this is BAU)
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Government/local authority/EU funded
(Yes/No)

No

Name of the programme/scheme (e.g. SINTEG
in Germany, NIC in UK, other)

not applicable

Problem(s) to solve (e.g. congestion
management, voltage or thermal constraints,
other)

congestion mainly from peak loads

Flexibility providers (solar PV, batteries, heat
pumps, etc.)

different types, including generation (up)
and flexible loads (down)

Milestone 1 Report

Auction design and
trading mechanism

Others
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Name/type of product

three type of products. HV: secure, dynamic,
LV: sustain, dynamic

Problem to be solved

congestion due to peak loads

Price rule (e.g. pay-as-bid, pay-as-clear, other)

HV: pay-as-bid, LV: regulated price

Remuneration scheme (e.g. availability,
utilisation, both, number of activations, other)

availability (secure), utilisation (secure, dynamic),
others (service fee for sustain)

Price formation for availability/others (e.g.
regulated, free, other, na)

availability: free for secure; others: regulated
price for sustain

Price formation for utilisation (e.g. regulated,
free, other, na)

utilisation: free for secure, dynamic

Maximum price for availability (£/kW), others

HV: no maximum price for availability alone but
a range (with lower and upper values) regarding
total price; LV: others (service fee: regulated
price set at £47.58/kW/year)

Maximum price for utilisation (£/MWh)

LV: not applicable, HV: no maximum price for
utilisation alone but a range (with lower and
upper values) regarding total price

Minimum bid (MW)

HV: 50kW, LV: 10kW (individual or aggregated
capacity in both cases)

Maximum bid (MW)

limited to the capacity procured per site

Length of contract

from 1 up to 7 years (a combination of a front
season contract and a 6 year forward contract
in the following season)

Procurement period (the time when the service
is provided)

variable: different delivery seasons (winter,
summer) with specific service windows

Trading period (e.g. day-ahead until 4pm, or
between 10am-12pm, others)

variable (weeks/months/years ahead)

Number of tenders per year or periodicity
(monthly, quarterly, anytime, other)

depends on UKPN's needs

Define the party that trades (e.g. direct trading,
via aggregators, both)

UKPN trades directly with flexibility providers
(including aggregators). FPs need to register via
Piclo Flex first

DER/flex loads connection point (LV, other)

LV, HV

Are residential customers involved in the
provision of flexibility services? (yes, no)

it can be if they are aggregated especially in
LV zones

Use of DERMS for the project (yes, no, na)

yes

DSO-DSO coordination (yes, no)

no

DSO-TSO coordination (yes, no)

no

Grid management need (DSO, TSO, both)

DSO

Penalties for non-delivery (yes, no). Specify
trigger for non-delivery (e.g. if availability is less
than 60% then zero payment)

penalties for non-delivery are not applicable
but a reduction of potential revenues instead
(i.e. if delivery performance (DP) is lower than
60% then no availability payment is made)
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Great Britain (Pico Flex)

About the project

Name

Piclo Flex

Location

GB (national)

Description

Independent flexibility marketplace in GB that
trades flexibility services using a market-based
approach. Both DNOs (buyers) and flexibility
providers (sellers) can participate in the market.

Project/initiative lead (any DSO, TSO, others?)

Piclo

Project/initiative partners

DNOs from GB

Type of project/initiative (trial, business as usual)

BAU since March 2019 (first commercial
contract)

Start date

Jun-18

End date (leave blank if this is BAU)
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Government/local authority/EU funded
(Yes/No)

yes (for the development on the online
marketplace for local flexibility trading)

Name of the programme/scheme (e.g. SINTEG
in Germany, NIC in UK, other)

Department for Business, Energy and Industrial
Strategy (BEIS) Energy Entrepreneurs Fund (EEF)

Problem(s) to solve (e.g. congestion
management, voltage or thermal constraints,
other)

congestion via demand response and voltage
constraints in some cases

Flexibility providers (solar PV, batteries, heat
pumps, etc.)

different types, including generation (up)
and flexible loads (down)

Milestone 1 Report

Auction design and
trading mechanism

Others
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Name/type of product

there are different types depending on
the DNO

Problem to be solved

usually congestion (peak loads)

Price rule (e.g. pay-as-bid, pay-as-clear, other)

pay-as-bid

Remuneration scheme (e.g. availability,
utilisation, both, number of activations, other)

availability and/on utilisation

Price formation for availability (e.g. regulated,
free, other, na)

free but some DNOs indicate suggested/
maximum prices (e.g. WPD, SSEN, SPEN).

Price formation for utilisation (e.g. regulated,
free, other, na)

free but some DNOs indicate suggested/
maximum prices (e.g. WPD, SSEN, SPEN).

Maximum price for availability (£/kW)

yes but for some DNOs, usually at £300/MWh

Maximum price for utilisation (£/MWh)

yes but for some DNOs, depends on the service

Minimum bid (MW)

yes but depends on the DNO (e.g. UKPN, SSEN:
50 kW)

Maximum bid (MW)

limited to the capacity procured at each site

Length of contract

usually 1 year (it can be extended), but lower
lengths are also possible (i.e. 3 months)

Procurement period (the time when the service
is provided)

variable (months/years) and seasonal (winter,
summer) with specific service windows

Trading period (e.g. day-ahead until 4pm, or
between 10am-12pm, others)

variable (months/years ahead)

Number of tenders per year or periodicity
(monthly, quarterly, anytime, other)

depends on network operators' needs but
usually two per year

Define the party that trades (e.g. direct trading,
via aggregators, both)

Piclo Flex acts as intermediary, flexibility
providers contractual agreements with the
DNOs

DER/flex loads connection point (LV, other)

variable depends on the DNO's requirements

Are residential customers involved in the
provision of flexibility services? (yes, no)

it can be if they are aggregated

Use of DERMS for the project (yes, no, na)

not applicable

DSO-DSO coordination (yes, no)

yes

DSO-TSO coordination (yes, no)

no

Grid management need (DSO, TSO, both)

DSO

Penalties for non-delivery (yes, no). Specify
trigger for non-delivery (e.g. if availability is less
than 60% then zero payment)

penalties for non-delivery are not applicable
but a reduction of potential revenues instead .
Methodology depends on the type of product
and DNO.
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Great Britain (Cornwall LEM)

About the project
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Name

Cornwall Local Energy Market

Location

GB (Cornwall)

Description

Cornwall Local Energy Market (LEM) is a
marketplace for trading flexibility services
to the DNO (WPD) and NGESO.

Project/initiative lead (any DSO, TSO, others?)

Centrica

Project/initiative partners

WPD, NGESO, N-SIDE

Type of project/initiative (trial, business as usual)

trial

Start date

phase 1: May 2019, phase 2: September 2019

End date (leave blank if this is BAU)

phase 1: August 2019, phase 2: December 2019

Government/local authority/EU funded (Yes/
No)

EU Regional Development Fund

Name of the programme/scheme (e.g. SINTEG
in Germany, NIC in UK, other)

European Structural and Investment Funds
Programme 2014-2020

Problem(s) to solve (e.g. congestion
management, voltage or thermal constraints,
other)

constraint management via demand response

Flexibility providers (solar PV, batteries, heat
pumps, etc.)

diesel generators, gas turbine, flow battery,
domestic battery clusters, ice manufacturer

Milestone 1 Report

Auction design and
trading mechanism

Others

Milestone 1 Report

Name/type of product

phase 1 (quote & tender), Phase 2 (spot market)

Problem to be solved

network constraints

Price rule (e.g. pay-as-bid, pay-as-clear, other)

phase 1: pay-as-bid (with regulated prices),
phase 2: pay as clear

Remuneration scheme (e.g. availability,
utilisation, both, number of activations, other)

phase 1: utilisation, phase 2: utilisation,
availability (reservation)

Price formation for availability (e.g. regulated,
free, other, na)

phase 1: not applicable, phase 2: free

Price formation for utilisation (e.g. regulated,
free, other, na)

phase 1: free but with some indicators for
maximum prices, phase 2: free

Maximum price for availability (£/kW)

phase 1: up to £300/MWh (combined with
utilisation), phase 2: no

Maximum price for utilisation (£/MWh)

phase 1: up to £300/MWh (combined with
availability), phase 2: no

Minimum bid (MW)

information no provided

Maximum bid (MW)

limited to the capacity procured

Length of contract

in line with the duration of the trial (phase 1,
phase 2)

Procurement period (the time when the service
is provided)

variable

Trading period (e.g. day-ahead until 4pm, or
between 10am-12pm, others)

phase 1: between 1 and 2 weeks ahead, phase
2: no available

Number of tenders per year or periodicity
(monthly, quarterly, anytime, other)

in line with the duration of the trial (phase 1,
phase 2)

Define the party that trades (e.g. direct trading,
via aggregators, both)

variable (i.e. in Phase 1: Kiwi Power as
aggregator, direct with flexiblity providers)

DER/flex loads connection point (LV, other)

LV, HV (mainly 11kV)

Are residential customers involved in the
provision of flexibility services? (yes, no)

yes if they are aggregated (cluster)

Use of DERMS for the project (yes, no, na)

not applicable

DSO-DSO coordination (yes, no)

no

DSO-TSO coordination (yes, no)

yes (only in phase 2)

Grid management need (DSO, TSO, both)

DSO (phase 1), DSO and NGESO (phase 2)

Penalties for non-delivery (yes, no). Specify
trigger for non-delivery (e.g. if availability is less
than 60% then zero payment)

penalties for non-delivery are not applicable
but a reduction of potential revenues instead.
Methodology depends on the type of product
and in line with the methodology applied by
WPD.
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Japan (V2G Demonstrator Project Using EVs as Virtual Power Plant Resource)

About the project
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Name

V2G Demonstrator Project Using EVs
as Virtual Power Plant Resource

Location

Japan (Tokyo)

Description

The project targets the sustainable introduction
of renewable energies as well as power grid
stability enhancement by using electric vehicles
(EV/PHEV) as VPP resources. Feasibility study
of commercial service is to be studied through
and after Fiscal Year (FY) 2021. Demonstration
sites in Japan (FY2019): Okazaki factory in
Mitsubishi Motors Corporation, Shizuoka
branch office in Shizuoka Gas ,etc.

Project/initiative lead

Tokyo Electric Power Company Holdings, Inc.
(R&D)

Project/initiative partners

TEPCO Energy Partner (Retail), TEPCO
Power Grid (TSO/DSO), Mitsubishi Motors
Corporation, Hitachi Systems Power Services,
Shizuoka Gas

Type of project/initiative (trial, business as usual)

demonstrator

Start date

Jun-18

End date (leave blank if this is BAU)

FY2018 - FY2020 (3 years)

Government/local authority/EU funded (Yes/
No)

yes: Government( Ministry of Economy,
Trade and Industry)

Name of the programme/scheme (e.g. SINTEG
in Germany, NIC in UK, other)

the project is funded via METI's FY2018
Sustainable open Innovation Initiative (SII)

Problem(s) to solve (e.g. congestion
management, voltage or thermal constraints,
other)

shortage of balancing power, network
congestion, voltage rise

Flexibility providers (solar PV, batteries, heat
pumps, etc.)

EV batteries (bidirectional charging)

Milestone 1 Report

Auction design and
trading mechanism

Others

Milestone 1 Report

Name/type of product

Replacement Reserve - for FIT (“RR-FIT”)
in the Balancing Market, starting in FY2021.

Problem to be solved

shortage of balancing power, network
congestion, voltage rise

Price rule (e.g. pay as bid, pay as clear, other)

pay-as-bid

Remuneration scheme (e.g. availability,
utilisation, both, number of activations, other)

both: (1) paid for both delta-kW availability (2)
and kWh utilisation). In Japan balancing power
is often cited as delta-kW.

Price formation for availability (e.g. regulated,
free, other, na)

free (pay-as-bid)

Price formation for utilisation (e.g. regulated,
free, other, na)

free (pay-as-bid), unit price declared in
advance (upon first registration)

Maximum price for availability (Y/kW)

none

Maximum price for utilisation (Y/MWh)

none

Minimum bid (MW)

1 MW

Maximum bid (MW)

none

Length of contract

variable

Procurement period (the time when the service
is provided)

product window each day (3 hours)
0:00-3:00, 3:00-6:00, 18:00-21:00,
21:00-24:00

Trading period (e.g. day-ahead until 4pm, or
between 10am-12pm, others)

day-ahead between 12pm-2pm

Number of tenders per year or periodicity
(monthly, quarterly, anytime, other)

daily

Define the party that trades (e.g. direct trading,
via aggregators, both)

via aggregators

DER connection point (LV, other)

point of connection (usually LV, MV)

Are residential customers involved in the
provision of flexibility services? (yes, no)

no

Use of DERMS for the project (yes, no, na)

yes

DSO-DSO coordination (yes, no)

not applicable, both are the same company

DSO-TSO coordination (yes, no)

not applicable, both are the same company

Grid management need (DSO, TSO, both)

both (DSO and TSO are the same company)

Penalties for non-delivery (yes, no). Specify
trigger for non-delivery (e.g. if availability is less
than 60% then zero payment)

yes, If the response deviates from the tolerance
band (e.g., ± 10% of the instructed kW) a penalty
of 1.5 times the bid price is charged. This is in
line with the current balancing market rules.
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Netherlands (Dynamo)

About the project

Name

DYNAMO Flexmarktontwikkeling

Location

Netherlands

Description

Use of flexibility (from residential and
business area developments in two
locations: Nijmegen-Noord, Zuidplas) to
meet associated increase in demand and
congestion while adding extra cabling is
avoided or postpone. Dynamo uses the
USEF framework.

Project/initiative lead

Alliander (Liander DSO)

Project/initiative partners

LIDL, Van der Valk, Scholt Energy and
Tenergy. Liander started the project. Scholt
Energy (Nijmegen) and Tenergy (Zuindplas)
won the tender.

Type of project/initiative (trial, business as
usual)

demonstrator, now working on
implementation and scaling

Start date

Nijmegen-Noord: Q4-2017 (USEF) Zuidplas:
Q4-2019 (USEF)

End date (leave blank if this is BAU)
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Government/local authority/EC funded
(Yes/No)

no

Name of the programme/scheme (e.g.
SINTEG in Germany, NIC in UK, na)

DYNAMO Flexmarktontwikkeling (DSO)

Problem(s) to solve (e.g. congestion
management, voltage or thermal
constraints, other)

congestion: flexibility as a temporal
solution until the new substation is
being constructed (4y) in NijmegenNoord. Zuidplas: similar, but only during
maintenance and network failures.

Flexibility providers (solar PV, batteries, heat
pumps, etc.)

by now only large prosumers are
participating

Milestone 1 Report

Auction design and trading
mechanism

Others

Milestone 1 Report

Name/type of product

flexibility product

Problem to be solved

congestion (unidirectional)

Price rule (e.g. pay as bid, pay as clear,
other)

regulated prices

Remuneration scheme (e.g. availability,
utilisation, both, number of activations,
other)

availability and utilisation. High ratio
availability/utilisation, no guarantees for
minimal number of activations. Current
ratio around 0.9.

Price formation for availability (e.g. fixed,
free, other, na)

regulated price (fixed)

Price formation for utilisation (e.g. fixed,
free, other, na)

regulated price (fixed)

Maximum price for availability (£/kW)

under NDA

Maximum price for utilisation (£/MWh)

under NDA

Minimum bid (MW)

not applicable

Maximum bid (MW)

not applicable

Length of contract

from start to end of project fixed length
with option of extending the contract

Procurement period (the time when the
service is provided)

usually at evenings (17:00-19:00 local time
mainly) in the winter

Trading period (anytime, or specify time:
10am-12pm)

fixed time slots for day-ahead and intraday
gate closure

Number of tenders per year or periodicity
(monthly, quarterly, anytime, other)

variable

Define the party that trades (e.g. direct
trading, via aggregators, both)

there is a single aggregator per site
which acts a single buyer of flexibility, the
aggregator is informed about the flexibility
requirement one week in advance.

DER connection point (LV, other)

LV/MV transformer

Are residential customers involved in the
provision of flexibility services? (yes, no)

no, residential consumers are seen as
potentially future participants in congestion
management.

Use of DERMS for the project (yes, no, na)

not applicable

DSO-DSO coordination (yes, no)

no

DSO-TSO coordination (yes, no)

no

Grid management need (DSO, TSO, both)

DSO. Only to solve Liander congestion
issues.

Penalties for non-delivery (yes, no). Specify
trigger for non-delivery (e.g. if availability is
less than 60% then zero payment)

yes, but under NDA
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Netherlands (GOPACS)

About the project

Name

Gopacs

Location

Netherlands (national)

Description

Grid Operators Platform for Congestion
Solutions (GOPACS) is a cooperation between
the TSO (TenneT) and regional DSOs from
Netherlands to solve grid congestion.

Project/initiative lead (any DSO, TSO, others?)

TenneT (TSO) and 4 DSOs from Netherlands

Project/initiative partners

TenneT (TSO) and DSOs from Netherlands
(Stedin, Liander, Enexis Groep, Westland Infra,
Enduris, Coteq, Rendo)

Type of project/initiative (trial, business as usual)

BAU; platform is operational since January
2019, only TenneT is active, DSOs to become
active soon, starting with Liander

Start date

Jan-19

End date (leave blank if this is BAU)
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Government/local authority/EU funded (Yes/
No)

no, DSO/TSO funded

Name of the programme/scheme (e.g. SINTEG
in Germany, NIC in UK, other)

not applicable

Problem(s) to solve (e.g. congestion
management, voltage or thermal constraints,
other)

congestion management & TSO DSO
coordination

Flexibility providers (solar PV, batteries, heat
pumps, etc.)

refer to trading parties: all types, GOPACS
interacts via market platforms with who ever
can offer flexibility

Milestone 1 Report

Auction design and
trading mechanism

Others

Milestone 1 Report

Name/type of product

IDCONS (intraday congestion spread)

Problem to be solved

congestion and TSO/DSO coordination
(avoiding unbalance and DSO grid overload
due to TSO redispatch action with DSO
connected assets)

Price rule (e.g. pay-as-bid, pay-as-clear, other)

pay-as-bid (trading parties), TSO/DSO pay a
spread (difference between buy and sell order)

Remuneration scheme (e.g. availability,
utilisation, both, number of activations, other)

dispatch (utilisation)

Price formation for availability (e.g. regulated,
free, other, na)

currently under discussion with the regulator
on the updated congestion code

Price formation for utilisation (e.g. regulated,
free, other, na)

free for pay-as-bid (for trading parties), TSO/
DSOs pay a subscription fee to the ETPA
platform

Maximum price for availability (€/kW)

no

Maximum price for utilisation (€/MWh)

no

Minimum bid (MW)

no

Maximum bid (MW)

no

Length of contract

short term: intraday

Procurement period (the time when the service
is provided)

variable, with 15 minutes intervals

Trading period (e.g. day-ahead until 4pm, or
between 10am-12pm, others)

intraday

Number of tenders per year or periodicity
(monthly, quarterly, anytime, other)

depends on network operators' needs

Define the party that trades (e.g. direct trading,
via aggregators, both)

ETPA trades with flexibility providers (e.g.
aggregators) and the last ones with flexibility
owners

DER connection point (LV, other)

all voltage levels (LV/MV/HV)

Are residential customers involved in the
provision of flexibility services? (yes, no)

no but may be indirectly via the BRPs/
Aggregators

Use of DERMS for the project (yes, no, na)

not applicable

DSO-DSO coordination (yes, no)

yes

DSO-TSO coordination (yes, no)

yes

Grid management need (DSO, TSO, both)

DSO, TSO (but only TSO in practice now)

Penalties for non-delivery (yes, no). Specify
trigger for non-delivery (e.g. if availability is
less than 60% then zero payment)

penalties for non delivery or partial delivery,
in line with EPTA T&C, EPTA contracts with
trading parties
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Norway (Nodes)

About the project

Name

Nodes

Location

Norway

Description

Nodes in an independent marketplace for
trading localised flexibility and/or energy
at transmission or distribution level. It was
established in 2018 as a joint venture
between the European power exchange
Nord Pool and Agder Energi

Project/initiative lead (any DSO, TSO, others?)

Nord Pool and Agder Energi (founders)

Project/initiative partners

Currently engaged in several projects with key
partners across Europe (e.g. Stattnet, Engene,
Mitnetz, Troms Kraft Nett, WPD, Elvia AS, etc.)

Type of project/initiative (trial, business as usual)

BAU

Start date

2018 (establishment of NODES AS)

End date (leave blank if this is BAU)
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Government/local authority/EU funded (Yes/
No)

no, industry initiative

Name of the programme/scheme (e.g. SINTEG
in Germany, NIC in UK, other)

not applicable

Problem(s) to solve (e.g. congestion
management, voltage or thermal constraints,
other)

congestion, grid management, balancing
services

Flexibility providers (solar PV, batteries, heat
pumps, etc.)

any one able to reduce/increase electricity
generation or to increase/reduce consumption

Milestone 1 Report

Auction design and
trading mechanism

Others

Milestone 1 Report

Name/type of product

different kinds of flexibility products (depends
on the project)

Problem to be solved

mainly congestion

Price rule (e.g. pay-as-bid, pay-as-clear, other)

pay-as-bid

Remuneration scheme (e.g. availability,
utilisation, both, number of activations, other)

utilisation (dispatch), availability

Price formation for availability (e.g. regulated,
free, other, na)

free

Price formation for utilisation (e.g. regulated,
free, other, na)

free

Maximum price for availability (NOK/kW)

no

Maximum price for utilisation (NOK/MWh)

no

Minimum bid (MW)

no

Maximum bid (MW)

no

Length of contract

variable, depends on the project

Procurement period (the time when the
service is provided)

variable, depends on the project

Trading period (e.g. day-ahead until 4pm, or
between 10am-12pm, others)

variable, depends on the project

Number of tenders per year or periodicity
(monthly, quarterly, anytime, other)

variable, depends on the project

Define the party that trades (e.g. direct trading,
via aggregators, both)

Nodes trades with flexibility providers (e.g.
aggregators) and the last ones with flexibility
owners

DER connection point (LV, other)

several

Are residential customers involved in the
provision of flexibility services? (yes, no)

no directly but potentially via aggregators

Use of DERMS for the project (yes, no, na)

not applicable

DSO-DSO coordination (yes, no)

no

DSO-TSO coordination (yes, no)

yes

Grid management need (DSO, TSO, both)

DSO, TSO (depends on the project)

Penalties for non-delivery (yes, no). Specify
trigger for non-delivery (e.g. if availability is less
than 60% then zero payment)

buyers (DSO/TSO/BRPs) take the risk however
the provider may be penalised or excluded
from the market in case of excessive under
delivery. In relation to the flexibility owners
(consumers), there is a separate agreement
between them and flexibility providers, with
different terms and conditions
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Appendix 2: Glossary
ADMS	Advanced Distribution Management
System

METI	Minister for Economy, Transport and
Infrastructure - Japan

AEMO

Australian Energy Market Operator

NGESO

National Grid Electricity System Operator

AER

Australian Energy Regulator

NPG

Northern Powergrid

ARENA

Australian Renewable Energy Agency

OFGEM

Office of Gas and Electricity Markets

BAU

Business as Usual

RERT

Reliability and Emergency Reserve Trader

BRPs

Balancing Responsible Parties

CEER

Council of European Energy Regulators

RIT-D	Regulatory Investment Test for
Distribution

CMZs

Constraint Management Zones

RIT-T	Regulatory Investment Test for
Transmission

DER

Distributed Energy Resources

SCADA

Supervisory Control and Data Acquisition

SGH

Smart Grid Hub

SPEN

Scottish Power Energy Networks

DERMS	Distributed Energy Resources
Management System
DNO

Distribution Network Operator

DSO

Distribution System Operator

SSEN	Scottish and Southern Electricity
Networks

ENA

Energy Networks Association

TSO

Transmission System Operator

ENWL

Electricity North West

UKPN

UK Power Networks

ETPA

Energy Trading Platform Amsterdam

USEF

Universal Smart Energy Framework

FCAS

Frequency Control Ancillary Services

FP

Flexibility Provider

SINTEG	Schaufenster intelligente Energie –
Digitale Agenda für die Energiewende
(Smart energy showcases – Digital
agenda for the energy transition)

GOPACS	Grid Operators Platform for Congestion
Solutions
GSP

Grid Supply Point

ICCP

Inter Control Center Protocol

IDCONS

Intra-day Congestion Spread

IOU

Investor-Owned-Utility

LEO

Local Energy Oxford

V2G

Vehicle to Grid

VPP

Virtual Power Plant

WPD

Western Power Distribution

MERLIN	Modelling the Economic Reactions
Linking Individual Networks
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Footnotes
1

The authors would like to acknowledge
input from Alliander, Ausgrid, Avacon, ENA
Australia, ENA UK, Enedis, Forschungsstelle für
Energiewirtschaft e. V., National Grid ESO, NY
State Department of Public Service, SSEN, Silicon
Grid, Stedin, TenneT, Tepco, and UK Power
Networks. They each provided valuable inputs
to the report. The authors also acknowledge the
financial support of SSEN via BEIS funded Power
Forward Challenge – Pilot Scale Demonstration
scheme. Any errors are the responsibility of the
authors.

2	For further discussion about artificial intelligence
and blockchain applications in the energy sector
see Küfeoğlu et al. (2019), Andoni et al. (2019).
3

The Office for Gas and Electricity Markets from
Great Britain (Ofgem) defines flexibility as
“modifying generation and/or consumption
patterns in reaction to an external signal (such as
a change in price) to provide a service within the
energy system” (Ofgem, 2015, p. 5).

4

There is not a unique definition of DER but they
refer often to small-scale power generation
(renewables and non-renewables), storage
(including EV batteries), demand response and
controllable loads connected to the distribution
system.

5

OFGEM (2019) identifies two kinds of flexibility
platforms for the two approaches (Peer-to-Peer
platforms and Grid Services Platforms) and six key
tasks for flexibility platform providers who serve
the grid. From these Coordination, Procurement
and Dispatch Control are the most relevant to
delivering flexibility products.

6
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This is the case of Power Potential trial in UK
which is currently under implementation by the
electricity system operator in GB (National Grid
Electricity System Operator – NGESO) and UK
Power Networks.

7

See: https://www.energylivenews.
com/2019/11/11/cornwall-local-energy-marketreaches-flexibility-breakthough/

8

https://eepublicdownloads.blob.core.windows.
net/public-cdn-container/clean-documents/
cep/170315_CEP_Wholesale-Retail%20markets_
one-pager.pdf

9

https://www.ceer.eu/flexibility-use-at-distributionlevel1

10

MERLIN is funded via Power Forward Challenge
– Pilot Scale Demonstration scheme. Among
the main partners are Opus One, Open Grid
Systems, Hydro Ottawa and EPRG-University of
Cambridge.

11

In GB we use the term DNO rather than DSO
and the transition to DSO is being testing via
different projects (i.e. SSEN is moving towards
DSO through projects such as Transition, LEO
and Merlin). DSO is the terminology used in the
majority of European countries in line with the
EC directives (i.e. common market rules for the
internal market in electricity). The denomination
“DSO” has been kept across EU members
regardless of the changing roles that many of
distribution utilities are experimenting (i.e. neutral
market operators). For the latest DSO definition
see Chapter 4 of the Directive 2019/944/EC:
https://eur-lex.europa.eu/legal-content/EN/TXT/
PDF/?uri=CELEX:32019L0944&from=EN

12

https://www.energynetworks.org/electricity/
futures/flexibility-in-great-britain.html

13

For further details see Petrovic et al. (2019).

14

Origami (2019) identifies five factors to rank
countries based on the role of flexibility in
supporting the grids and the growth in demand.
Factor E is the one that refers to Flexibility Services
as Business as Usual.
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15

Power flow analysis for planning has been used
for a long time but if the utility manages DER the
network has to be analysed in real time.

16

https://www.power-grid.com/2019/02/05/alook-towards-the-future-integrating-derms-andadms/#gref

17

The amount has been initially set at $5m.
The threshold is revised every three years.
The scheme is also applicable to transmission
operators (RIT-T).

18

https://aemo.com.au/en/initiatives/majorprograms/nem-distributed-energy-resourcesder-program/pilots-and-trials/virtual-powerplant-vpp-demonstrations

19

Via the Minister for Economy, Transport and
Infrastructure (METI)’s 2018 Sustainable open
Innovation Initiative (SII).

20

USEF framework is being tested in different
projects across Netherlands, Germany, Denmark,
and most recently in GB (with Fusion), https://
www.usef.energy/.

21

https://www.energynetworks.org/electricity/
futures/flexibility-in-great-britain.html

22

https://www.tennet.eu/news/detail/tennetunlocks-distributed-flexibility-via-blockchain/

23

This is similar to the current operation of
Transmission System Operators, however DSOs
are exposed to different requirements (e.g. the
locationality of the service needed, the volume
of data to manage). The addition of this capability
is in line with the recommendation made by ENA
Open Networks Project in its discussion of Future
World Impact Assessment.
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24

There are different flexibility services/
products that DER can provide (e.g. frequency
regulation, reserves, reactive power, others).
The identification of the full set of products is in
evaluation.

25

A customised solution will be tested first in Fort
William (SSEN’s North of Scotland licence).

26

There are more than 60 primary substations and
around 90 potential participants in the area.

27

The GridOS platform can manage different types
of DER including distributed generation, energy
storage, controllable loads, aggregated resources.
The integration capabilities of the platform has
already been proven in previous deployments
(North America).

28

The software combines traditional planning
with DER planning.

29

For further details about different programmes
that support innovation projects in GB see Anaya
(2020).

30

In Japan, an increase in the number of VPP
resources from EVs/PHVs is expected. METI’s
Energy Resource Aggregation Business Council
states that by 2030 there will be around 9.7m
EVs/PHVs in Japan which amounts to 44 GW
(equivalent to 44 thermal power plants).

31

https://www.ausgrid.com.au/Industry/DemandManagement/Power2U-Progam/Battery-VPPTrial

32

Ausgrid is the largest distributor of electricity in
Australia with over 1.7m customers. https://data.
nsw.gov.au/data/organization/about/ausgrid
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33

Reposit Power is a demand response market
provider.

34

There are around 4,000-5,000 residential battery
installations in across Ausgrid’s network.

35

Reposit Power manages the communication and
onboarding of customer into the VPP, provides
the software, all this facilitates the automation of
the procurement.

36

For example, a 10 kWh battery that takes part in
10-15 dispatch events can get paid between $90$135 per year. Payments are paid directly in the
customer’s bank account every month by Reposit
Power.

37

Based on this, the annual battery round trip
efficiency was estimated at 87%.

38

70% of the Reposit Power customers within the
Ausgrid VPP are under network time of use tariffs.
In addition, 97% of the Reposit Power customers
in Ausgrid’s serving area joined the project.

39

Shoulders periods refer to the time between peak
and off-peak times.

40

During the 5:00-8:00pm period.

41

http://nice-smartvalley.com/gb/

42

Remote storage service to the ones that wish to
maximise self-consumption at a lower costs.

43

The forecasting tool provided up to seven days
forecasts on electrical entities part of the Nice
Smart Valley distribution grid. The forecasting
solution is focused on intermittent distribution
generation and load.

44

Such as those from residential appliances, dualfuel assets, industrial process control, EV with
V2G capacities.
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45

Different intervals were set depending on
the season, days, type of customer and type
of constraint (i.e. B2C on weekdays: 12h-14h,
18h-20h in summer, 18h-20h in winter).

46

Steering refers to remote control technology.

47

The aggregators have developed their own tools
for communicating with E-FLEX, both use XMPP
protocol. In the case of flexibility provided by
gas customers (e.g. hybrid boiler, hybrid rooftop,
combined heat and power-CHP), a remote
control was built to manage gas appliances to
generate electric flexibility for local network. In
the trial GRDF facilitated the implementation of
gas/electrical flexibilities however in the future it
is expected that manufacturers/aggregators or
other market participants will be responsible for
this.

48

Simulations considered only constraints due to
the current in the equipment (voltage constraints
were excluded).

49

No reinforcement was necessary in the Nice
Smart Valley use cases, then the boundary is only
an indication of the boundary cost above Enedis
would never pay for a temporary solution. For
the estimation of the value of unserved energy
due to grid constraints the following ratio R was
taken into account: Enedis uses these ratios in
planning studies. After estimating the total value,
the average is taken to obtain an annual costs
and probability of the incident is taking into
consideration too.

50

However, no compensation was provided to
aggregators from Enedis in the trial. According
to Enedis what the process tested was more the
market design, consumers were rewarded for
their involvement in the project but no for their
flexibility.
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51

The size of the capacity value is mainly explained
by the low occurrence of situations (i.e. substation
failure) that may compromise the service
continuity (customer power cuts). According to
Enedis, constraint situations due to congestion
issues will be very limited due to current design
of the grid and limited growth expected in peak
demand (InterFLEX-Enedis, 2019c).

52

https://www.enedis.fr/construct-jointly-localflexibility-process

53

ALF is part of the regional model C/sells
where regional optimisation of production
and consumption is the main priority. C/sells
aim to build an energy system based on a
cellular structure (cells) than can benefit from
autonomous energy management or than can
connect to each other. There are three projects
in this showcase. The other four regional models
are: DESIGNETZ (develops a solution for a smart
energy infrastructure), Enera (regional system
services to stabilise the grid), NEW 4.0 (develops
a region that is supplied with power from 100%
renewable energy by 2035 ) and WindNODE
(integrates renewable production in a multienergy-source system that involves power, heat
and mobility sector)

54

It has not been decided yet who will operate it.

55

https://www.ffe.de/en/topics-and-methods/
digitalization/950-altdorfer-flexmarkt-alf

56

According to FfE the ALF platform is a proof-ofconcept and the actual role (i.e. commercially) is
still to be defined (i.e. in the form of an external
function of service provider/independent
aggregators, others).

57

Avacon is an E.ON-subsidiary that operates in
rural areas.
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58

Germany is dealing with an important increase in
feed-in power from DER. Solar PV is potentially
an important source of flexibility. Avacon has
around 10GW of renewable energy generators
connected to its network with around 40,000
renewable decentralised units.

59

At a customer site a combination of smart
meters and control boxes is required. The last
one enables customers to migrate to the new
technology and to control these through the
SGH. In Germany roll-out of smart meters is
mandatory (for consumers with a consumption
over 6MWh/year and generators exceeding 7kW)
and subject to price cap, consumers pay for this.
The allocation of costs for control boxes is still
unclear. https://www.bmwi.de/Redaktion/EN/
FAQ/Smart-Meters/faq-smart-meters.html

60

The SGH has a direct Inter Control Center
Protocol (ICCP) interface to the DSO SCADA
and ADMS. According to Avacon, SGH can be
considered a single use case of DERMS.

61

When generation and demand are online
simultaneously. Due to the current regulatory
framework the implementation of Use Case 2
was not possible for some of the services. The
activation of flexibility from a combination of
rooftop PV and battery storage systems (currently
limited to behind the meter applications) and
from EV charges in the distribution grid (there is
no rules about the how and when of activation)
was not possible. In terms of bi-directional
flexibility, even though the regulatory framework
and technical feasibility were fine, it was very
small (primarily due to meteorological reasons)
InterFlex-Avacon (2019a). Then here we focus
mainly on Case Uses 1 and 3.

62

DER in Germany can be curtailed and be
compensated for this (Feed-in Tariff condition).
Regarding flexible loads, customer may or not
opt to participate.
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63

Based on the current regulatory framework
Section 14aEnWG, a network charge discount is
applied by the network operators in exchange of
transferring the control of the customer’s devices
in order to adjust their consumption.

71

There are two kinds of technical trials:
mandatory and optional. Only those that
participate, in addition to the mandatory, in
the optional technical trials are entitled to
compensation.

64

In 2016 total cost for DER curtailment in Germany
was €373m. In Avacon those figures were €25.4m
in 2017 and €43.8m in 2018. Then assuming
a curtailment rate of 4% savings would have
been around €1m and €1.8m in 2017 and 2018
respectively (InterFLEX-Avacon, 2019b).

72

If the trial does not go ahead for any reasons,
participants will be eligible for compensation for
direct costs up to 100% of the total participation
payment, subject to terms and conditions.

73

NGESO will use the service in real time if DER
are available.

74

DER have the option to submit bids for several
days or weeks.

75

DERMS estimates an effectiveness score at each
GSP for each provider. A forecaster tool has been
also developed as part of DERMS. The aim of this
tool is to produce forecast results for demand
and DER output.

76

The Platform for Ancillary Services (PAS), a new
control and monitoring solution, is the main
interface between NGESO and DERMS. PAS sits
in NGESO control room and is planned to be
used not only for Power Potential but for existing
and future serve and frequency services.

77

NGESO cannot differentiate which DER is
dispatched, what it matters is the net effect at
the distribution – transmission interface (GSP).

78

WPD has around 7.5m customers.

79

The minimum size varies across DNOs (e.g.
0.2MW in ENWL and NPG, 0.05MW in SSEN
and UKPN).

65

66

The cost of the SGH amounts to €2.2m in capital
and to around €0.242m/year in operations. A
cost benefit analysis was performed for the
period 2020-2030 using a discount factor of 6%,
for further details see InterFLEX-Avacon (2019b).
The roll-out has recently started and is expected
to be completed in 2032. However, according
to Avacon the target for the most important
group (i.e. those with controllable loads, DER
and consumption over 6MWh/year) is 2026.

67

https://www.nationalgrideso.com/innovation/
projects/power-potential

68

For an extended discussion of Power Potential,
see Anaya and Pollitt (2020).

69

The voltage level was initially set at 33kV.

70

Wave 1 and Wave 2 are obligatory stages. Wave 3,
which models full competition between DER and
also transmission-connected generators for the
provision of ancillary services (i.e. reactive power),
may or not go ahead (subject to the project’s
Steering Committee decision). Associated costs
to Wave 1 and Wave 2 will be covered by Power
Potential, and Wave 3 from NGESO budget. In
response to COVID-19 outbreak, a new timeline
has been proposed for Wave 1 and Wave 2, with
a potential start in September 2020.
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80

81

82

A map with relevant information at each CMZ is
provided at WPD website (e.g. time of the year,
time of the day, total MWs required within the
window). A CMZ valuation tool is also available
which indicates the maximum value that the asset
can earn (£/MW/year), which varies accordingly
to the CMZ.
Maximum values (ceiling rates) are based on
previous projects implemented by WPD (i.e.
Falcon, Visibility Plugs and Socket- Phase 1
projects). SPEN also sets ceiling rates depending
on the type of service and zone (between £200£1000/MWh utilisation, and £0-£75/MW/h for
availability) see: https://www.spenergynetworks.
co.uk/pages/flexibility.aspx . According to SPEN
the utilisation prices are in line with the costs of
providing traditional build solutions and differ
depending on location and the cost/nature of
the scheme required (SPEN, 2019). SSEN has set
a price of £300/MWh, following WPD approach,
see: https://www.ssen.co.uk/SmarterElectricity/
Flex/
This refers to the maximum price when there
is no competition in the provision of flexibility
according to WPD (Phase 1 Fixed of the new
WPD pricing strategy). The following ratios are
applied by WPD: Secure services: arming 41.5%
and utilisation 58.5%; Dynamic service: availability:
1.6% and utilisation 98.4% (WPD, 2019b). SSEN
uses 95% for availability and 5% for utilisation
(SSEN, 2019).

83

https://www.flexiblepower.co.uk/faqs

84

See Contract Assistance notes at: https://www.
flexiblepower.co.uk/tools-and-documents

85

https://smartgrid.ukpowernetworks.co.uk/wpcontent/uploads/2019/11/UK-Power-NetworksProduct-Definition.pdf

86

https://www.ssen.co.uk/SmarterElectricity/Flex/
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87

https://www.flexiblepower.co.uk/latest-news/
wpd-announces-results-from-fourth-round-offlex-procurement

88

Results of the competitions will be announced in
May 2020.

89

According to UKPN the idea of having a separate
tender for LV zones (0.4kV and below) is based
on the identification of some LV substations in
the London area that would be good candidates
for flexibility tenders. UKPN uses a similar
framework that the one use for HV zones but with
some adjustments in order to encourage more
participation from DER connected at LV.

90

Which means: (1) HV: Secure+Dynamic, (2) LV:
Sustain+Dynamic and even (3) Dynamic alone
(HV or LV). In the last case, the Flexibility Provider
or in case of aggregation the Flexible Unit (FU)
will be dispatched under a specific Secure or
Sustain Service window only after all the flexibility
providers available under Secure or Sustain
contracts respectively have been dispatched.

91

Flexibility providers receive monthly payments
for both utilisation and availability depending on
the product. For availability payments flexibility
providers get paid for all periods available
reduced by a performance factor (PF). If the
delivery performance – DP (ratio of all delivered
energy over all contracted energy expected
during utilisation event) is at least 90% or over,
PF=1 then full payment is made, but if DP is lower
than 60% PF=0, then no availability payments are
made in the respective month.

92

It was previously known as Open Utility. Trials
conclude in February 2019 and since March
2019 operates as BAU being SSEN the first DNO
with commercial contract. https://picloflex.com/
dashboard

93

https://www.spenergynetworks.co.uk/pages/
flexibility.aspx
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95

It has been recently agreed a common
terminology across the DNOs by ENA, see:
https://www.energynetworks.org/assets/files/
ON-WS1A-Product%20Definitions%20UpdatedPUBLISHED.pdf
https://www.newpower.info/2019/11/ukpnopens-doors-to-flexibility-options-on-high-andlow-voltage-networks/

96

https://www.centrica.com/innovation/cornwalllocal-energy-market

97

The participation of WPD in CLEM is via its
Visibility Plugs and Socket project. The aim of this
project is to explore the procurement of flexibility
services by WPD using a third-party market
platform (i.e. CLEM).

98

Prices cluster around £300/MWh and with large
variations in delivery between providers (60% on
average) WPD (2020).

99

https://www.centrica.com/media-centre/
news/2019/cornwall-local-energy-marketachieves-major-flexibility-breakthrough/

100

Separate reservation, availability and utilisation
auctions were allowed in Phase 2.

101

https://www.mitsubishi-motors.com/en/
newsrelease/2018/detail1124.html

102

Similar to demand response, VPP has the
capability to adjust power supply-demand at
lower cost using existing facilities (in this case
EV/PHEV batteries). Results from the latest public
invitations in Japan for the procurement of
supply-demand adjustment capabilities, show
that DR offers were 30% cheaper than the power
supply ones in 2017 and 2018 which was also
reflected in the amount of capacity contracted
via DR (around 67% of the total), IEE Japan(2018).
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103

By 2040, EV sales in Japan will reach 63% of
passenger vehicles sales and 28% of Japan’s fleet
will be electricity- BEV with 21% and PHEV with
7% share. (BNEF, 2019).

104

https://www.tepco.co.jp/en/wp-content/uploads/
1a6e08e849ea53ba28a5f1a20dcbf9ae.pdf

105

The consideration of a balancing market for
procuring and operating balancing supply and
demand more efficiently on a cross-regional
basis is a work in progress in Japan (JEPIC,
2019). According to Tepco, different kinds of
services have been identified: primary frequency
control, secondary frequency control and
tertiary frequency control, with different potential
opening periods (between 2021 and 2024).

106

In this demonstration specific aggregators have
been nominated site by site. Based on the current
balancing market rules, resources are required
to register through authorised aggregators
in advance. Direct participation of individual
resources is prohibited.

107

In this Use Case we focus on Nijmegen-Noord
only. The district is developing quickly, with 8000
new residential homes and with a high renewable
infeed growth mainly from wind (to double) and
solar (5-8MW), increasing the demand at MW
grid producing an overload of around 5MW in
the short term, see: https://www.usef.energy/
interview-with-lineke-goorix/

108

Liander has over 3m customers and Alliander is
the parent company. From this, the number of
customers that generate their own renewable
energy amounted to 0.27m (connections with an
active feed-in installation) in 2018 (representing
an increase of 43% from the previous year)
(Alliander, 2019).

109

Programme time unit: Clock-quarter (15min). 110
This is what exactly is being tested in Netherlands
with GOPACS. Liander is working now in the field
of congestion management through GOPACS.
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111

https://en.gopacs.eu/

112

There are different costs (fees) associated to
the services provided by ETPA which depend
on the role contract with ETPA (schedule 1:
trade participants, schedule 2: market maker
participant, schedule 3: platform participant).
For instance for schedule 1 applies three types
of payments: (1) license fee schedule (entry fee
and monthly license fee), (2) trading fees (based
on the MWh traded and type of contract), and (3)
service transaction fees (related to the bank fees).
For further details see: http://etpa.nl.transurl.nl/
wp-content/uploads/2016/05/Schedule-1-ETPAFEE-Schedule-1.pdf

113

A service level agreement between the trading
platform (ETPA) and GOPACS is required
(GOPACS, 2019).

114

This means that the offers with the minimum
spread are not always called.

115

https://www.engerati.com/transmissiondistribution/gopacs-supporting-increasedmarket-liquidity-for-tsos-and-dsos/

116

https://en.gopacs.eu/public-announcements/

117

https://nodesmarket.com/

118

It started as a project in Agder Energi (an awardwinning smart grid project with Microsoft) that
aimed to solve overloading in its Engene 25 MW
substation transformer by looking for flexibility
options (such as demand response and batteries)
rather than new investment. An automated grid
tool was built with the capability of forecasting
load and detecting potential overload situations
(EC, 2019).

119

Adger Energi AS is involved in generation,
distribution and the sale of renewable energy. It
is the 4th largest DSO in Norway with more than
200,000 customers, https://www.ae.no/en/
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120

Represented by aggregators, energy suppliers,
portfolio managers or asset owners with energy
balance responsibility. https://nodesmarket.com/
market-design/

121

https://nodesmarket.com/case/
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Contact us:
futurenetworks@sse.com
www.ssen.co.uk/Innovation
@ssen_fn
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