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1 Introduction

1.1 System Challenges and Flexibility from DERs
The electrical power system is changing. The stable operation of the power system requires that
power generation and consumption can be balanced at all times. Historically, this has been
ensured by adjusting generation to fit demand. Conventional generation based on fossil fuels
makes it possible to control the generation and this flexibility is used to ensure the balance of
power generation and consumption.
However, the amount of power generation based on fluctuating renewable energy sources like
wind and solar is increasing and displacing conventional generation. Power generation based
on renewable energy does not have the flexibility of conventional generation as the production
is not fully controllable – it depends on the wind, sun, etc. At the same time, electrification of
heating and transport is expected to create an increasing need for electrical power. An
increased demand for electrical power would further exacerbate the issue. The lost
controllability and flexibility of generation must be acquired elsewhere for the power system to
continue operating with the same stability and reliability as it does today.
It is believed that consumption may be able to provide part of the needed controllability and
flexibility to offset what is lost on the production side. This is done through demand response,
where the consumption is controlled to fit the production or to support the system in other ways.
However, utilizing flexibility from consumption is very different from the flexibility provided by
conventional generation. Conventional generation based on fossil fuels is generally based on
large, centralized generation units and connected to the backbone of the power system – the
transmission grid. Consumption on the other hand consists of many small units with a wide
geographical dispersion. Some consumption units can be controlled and their power
consumption moved to a different point in time. This is true of much of the new consumption
that comes from the electrification of transport and heating. Renewable generation is often
similarly geographically dispersed, with many small units. It is commonly referred to as
distributed generation, a term which covers all smaller production units connected to distribution
grids (e.g. small combined heat and power plants). Together, these controllable and
geographically dispersed generation and consumption units are referred to as distributed
energy resources (DERs).
Flexibility from DERs is expected to be able to offset some of the flexibility that is lost with the
replacement of conventional generation. However, flexibility from DERs has different
characteristics and limitations than flexibility from conventional generation. This brings new
challenges, both technically and in regard to the energy markets used to operate the power
system. In order to utilize the flexibility from DERs in the energy markets and thus ensure the
continued stable and secure operation of the power system, the energy markets must be rethought and adapted to integrate flexibility from DERs.
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1.2 The EcoGrid 2.0 Project
EcoGrid 2.0 aims to create and demonstrate a market for trading flexibility from DERs. The aim
is to create a market place where system operators (DSOs and TSO) and balance responsible
parties (BRPs) can request services based on flexibility from DERs. The services should be
delivered by aggregators, who control the DER units of customers. As such the aggregators
should bundle the flexibility from many DERs and use the aggregated flexibility to offer services
to the system operators and balance responsible parties.
The project focuses mainly on residential customers and their DER units, with the goal of
demonstrating:
1. A market platform for trading flexibility from end-customers that is compliant with the
supplier centric market model.
2. Services based on flexibility from end-customers delivered to system operators and
BRPs.
3. Interoperability between aggregators to show compliance with the supplier centric
market model (i.e. customers can freely choose their aggregators and switch between
them without replacing the control and communication equipment in their home).
To comply with these goals, avoid vendor lock-in and allow customers to freely choose between
aggregators, the technical communication between customers, aggregators, system operators
and balance responsible parties should be based on open standards.

1.3 This Document
The purpose of this document is to describe the market for trading of flexibility from DERs that is
developed within the EcoGrid 2.0 project and give some background on why this market for
flexibility looks the way it does. The document is aimed at everyone with an interest in the
participation and integration of DERs in electricity markets.
An overview of the existing markets is given in chapter 3. It explains the purpose, function and
requirements of the existing markets and the supplier centric model for the retail market used in
Denmark. The purpose of the chapter is to give an introduction to existing markets, so the
reader can better understand why the EcoGrid 2.0 solution looks as it does.
Chapter 4 gives an introduction to flexibility from DERs and its main characteristics. It discusses
the barriers to entry into the existing markets that these characteristics present. Chapter 4 also
discusses the needs of the system operators (DSOs and TSO) and BRPs. These needs form
the basis of the services that the aggregators should provide if they are to assist the system. It
finishes with an overview of how previous R&D projects have proposed to facilitate the trading
of flexibility from DERs. The purpose of the chapter is to give the reader an introduction to why
flexibility from DERs is difficult to integrate into existing markets and provide an overview of the
background for designing the EcoGrid 2.0 market.
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Chapters 5-12 are the market specification for the EcoGrid 2.0 market. They provide a thorough
description of the market framework. Chapter 5 introduces the market actors, the roles that must
be fulfilled and the responsibilities of each actor and role. It also introduces the market, the
preconditions from which it was created and the conditions surrounding it. The services traded
in the market are detailed in chapter 6. Chapter 7 gives an overview of the market process and
the following chapters (8 to 12) explain each stage of the market process.
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2 Definitions
Definitions/Terms

Description

AGG - Aggregator

A supplier of flexibility – offers flexibility to the
market.

BRP - Balancing Responsible Party

The BRP is responsible for balancing the production
and consumption of their customers, either
technically or through trading with other BRPs.

DER - Distributed Energy Resource

Controllable energy resources that are gridconnected at the distribution level (a potential
provider of flexibility).

DR - Demand Response

Demand response is the change of consumption
relative to a predefined reference in response to a
given signal or incentive. It may also include local
production / distributed generation.

DSO - Distribution System Operator

Owner and operator of the medium and low voltage
grid and buyer of flexibility to serve as virtual grid
reinforcement for parts of their grid.

Flexibility

Consumption or production that can be reduced,
increased, or postponed by external control signals.

Flexibility Market

A market where services based on flexible
consumption or production are traded.

LV grid

Low voltage grid (0.4-1 kV).

MV grid

Medium voltage grid (1-30 kV).

Rebound

The increase in power consumption that occurs
after a forced reduction in consumption. Or the
reduction in power consumption that occurs after a
forced increase in consumption.
Example: When a heat pump has been forced off
for an hour by external control it has to recover
(return the building to normal temperature) by
providing the building with additional heat (relative
to no external control) in the next hour(s) in order to
overcome the energy-deficiency that was created by
forcing the heat pump off.

Services

Products which are sold on the flexibility markets.

TSO - Transmission System Operator

System responsible and owner and operator of the
high-voltage grid. Buyer of flexibility.
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3 Existing Markets

3.1 General Market Background (EcoGrid 2.0 Framework Conditions)
Broadly speaking, there exist two types of electricity markets in deregulated power systems,
which may or may not operate in parallel [1]. The first relies on bilateral contracts, which offer
certainty to buyer and seller for the contract's duration. The other far more common type of
market, the power pool, experiences the largest volume of energy traded. In power pools, bids
from buyers and sellers are matched quickly and the commodity is delivered in the coming
minutes, hours, or days. Power pools generally offer lower prices, although they carry the risk of
short-term volatility. Such volatility can be beneficial to demonstrating demand response (DR) in
a demonstration. Additionally, the long duration of bilateral contracts (up to several years) may
be undesirable in an experimental setting where results are expected on a monthly basis.

Figure 1 - A power pool with marginal pricing. Here, flexible demand results in a lower market clearing
price (MCP1) than inflexible demand (MCP2). The grey area are the accepted bids (assuming flexible
demand), which all receive the same settlement price.

Some markets generate nodal pricing to accommodate for the physical limitations of the grid, as
in North America, where pricing can have a resolution of just a few kilometres. Other markets
incorporate price zones to remedy larger transmission limitations, where a single price zone can
encompass an entire country. Zonal pricing is used in Europe and is likely to remain so for the
foreseeable future, making it the main focus of the wholesale energy markets, moving towards a
single European energy market (the so-called EU Target Model).
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For additional justification for trading DR, we refer to EU-wide actions like the Third Energy
Package and TSO policy [2] and the U.S. Federal Energy Regulatory Commission and
Department of Energy, who all support a market-based trigger for DR [3]-[4].

3.2 Electricity Markets in Denmark
Denmark is part of the Nord Pool energy trading area, where Sweden, Norway, Finland,
Estonia, Latvia, Lithuania, and Denmark trade energy on a common platform of buyers and
sellers. Ancillary services are operated on a country-by-country basis (with a few exceptions).

3.2.1 Energy Markets

Bilateral
agrements

Day-Ahead
(Elspot)

Intra-Day
(Elbas)

Regulating
power

Balancing
settlement

5 years 56 hours
before

36-12
hours
before

33-1
hour
before

1 hour
before

1-2
hours
after

The vast majority of the power used by consumers in Denmark is bought in blocks in the dayahead market. The day-ahead and regulating markets use marginal-price setting, while the
intraday market uses pay-as-bid price setting.



The majority of energy bought and sold occurs in the day-ahead power exchange,
Elspot, which coordinates generation and demand in the Nord Pool area. The market is
closed for bids at 12:00 GMT+1 the day before operation, with prices revealed one hour
later. Multi-hour bids are accepted, although the resulting market clearing price is
settled with an hourly resolution. The BRP is responsible for acquiring the energy
required by its portfolio at this stage.



The intra-day market in the Nordics is called Elbas, which is a pay-as-bid bilateral
market place. Blocks of energy are traded between two entities at any price up to the
hour before the beginning of the hour of operation. Here, the BRP is responsible for
buying and selling.



The last energy market that operates throughout the hour of operation is the regulating
power market. Here, bids are submitted up to 45 minutes before the operational hour
and can be activated with a 15 minute warning at any time throughout the operating
hour. Unlike Elspot, the regulating market uses a two-price structure. For supply, the
highest and lowest up and down regulating bids set the price for all up and down
regulation suppliers during the hour. For demand, BRPs are settled with the spot price
when their imbalance is not in the same direction as the average imbalance for the
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hour. BRPs are settled with the dominant regulating price for the hour when their
imbalance is in the same direction as the average imbalance for the hour. This twoprice settlement scheme results in demand paying more than supply is paid. This
difference is used by the TSO to buy reserves. The TSO and BRPs share responsibility
at this stage. The TSO ensures there are enough suppliers in the regulating power
market by purchasing capacity (with a capacity payment) the day before operation to
meet its n-1 security of supply calculations, while the BRP purchases energy in realtime to meet the needs of its portfolio.

Figure 2 - Relationship between day-ahead and balancing market. [5]



Special regulation is when the TSO will jump over bids in the merit-order curve
in order to resolve a congestion problem at transmission level. Bids taken out of
the merit-order curve are settled in a pay-as-bid fashion. The TSO is
responsible for purchasing special regulation.
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Responsible
for purchase

Service

Delivery
time

Power

TSO
System services
(DK2)

Frequency containment reserves
(FCR-D)

30 seconds

≥ 0.3 MW

Frequency replacement reserves
(FCR-N)

150 seconds

≥ 0.3 MW

TSO
System services
(DK1)

Primary frequency reserves (FCR)

30 seconds

≥ 0.3 MW

TSO
System services
(DK1)

Automatic frequency restoration
reserves (aFRR)

15 min

1-50 MW

TSO/BRP

Manual reserves

Within 15
min

≥ 10 MW
and
≤ 50 MW

Regulating market

Within 15
min

≥ 10 MW
and
≤ 50 MW

Elbas

Hourly

≥ 1 MW

ELspot

Hourly

≥ 10 MW

Table 1 - Summary of electricity markets.

3.2.2 Ancillary Services Markets
Ancillary services are typically traded on a daily basis, but activation occurs with a faster
frequency. Payment for ancillary services is usually a combination of availability payments, payas-bid pricing and ex-ante marginal pricing. The TSO is responsible for purchasing all ancillary
services.


Secondary reserves, also known as Load Frequency Control (aFRR), exist only in DK1
(Jutland), and are called upon to restore the system frequency to 50Hz and restore the
scheduled load flows (imports/exports) between areas by adjusting generation and
controllable loads autonomously. Delivery is expected within 15 minutes. Capacity is
purchased on an ad hoc basis. Availability payments for capacity are paid, while energy
delivered is settled by the producer’s BRP.



Frequency containment reserves (FCR) in west Denmark (DK1, Jutland) follow the
UTCE activation schedule. Power is activated autonomously and delivered
proportionally to the deviation from 50Hz. Full delivery is expected within 30 seconds,
with half delivery required within 15 seconds of a deviation. Capacity is purchased at
15:00 GMT+1 the day before operation. Availability payments are paid for capacity,
while energy delivered is settled by the producer’s BRP.
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Frequency containment reserves in east Denmark (DK2) are comprised of two distinct
services, both autonomously reacting to system frequency deviations. The first, FCR-D,
must deliver 50% power, proportional to the deviation, within 5 seconds, and the
remaining power within 25 seconds. The second, FCR-N, must ramp up delivery over
150 seconds after a deviation. Capacity is purchased at 15:00 GMT+1 the day before
operation and availability payments are paid for capacity, while energy delivered is
settled by the producer’s BRP.

The activation of ancillary services and regulating power is regularly described using a diagram
as in Figure 3.

Figure 3 - Activation of faster moving reserves.

3.2.3 Overview of Earnings Potential and Requirements in Markets
There are different technical requirements, gate closure times, and earnings potential
depending on which market is participated in. A broad overview of these differences can be
seen in Figure 4.
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Figure 4 - Availability of markets to participants. [5]

3.2.4 Expected Changes to Danish Electricity Markets
A 15 minute settlement period in the regulating markets is expected, down from the hourly
settlement period today. Discussions about using single-price settlement for real-time
imbalances for the generation side are on-going.
Energinet.dk commissioned the project “Market model 2.0” to propose changes to wholesale
markets in the coming decade. Very broadly speaking, the recommendations were made to
open up the market, allowing a single EU target model to become a reality, while also ensuring
security of supply in the face of increased production from volatile sources. One of the more
important suggestions from Market model 2.0 for DR is a reduction in the minimum bid size from
10MW to 1MW. The development of the DataHub means that this limit is now artificially set and
may well be removed altogether within 10 years.
The balancing needs are expected to more than double in 2030 (compared to 2013) in
Denmark, according to the Danish TSO, Energinet.dk [5], which means it is extremely important
to design new flexibility markets and services with an eye on the future needs of the power
system; neglecting these changes will result in poor outlooks for the business case and
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inappropriate tools to deal with a power system with increased production from variable
renewable sources and increased decentralized activity.

3.3 The Suppliers Centric Model (Engrosmodel) and Retail Markets
In 2013, a centralized data storage center, the DataHub, was launched in Denmark. It is a
database that all DSOs must use to store meter data for settlements. It was primarily designed
to allow customers to change easily from one retailer to another, since retailers no longer need
to communicate with each other. Measurements are stored with an hour resolution, and all
meter readings must be uploaded within 5 days (although in practice, the vast majority of
readings are logged within 1 day). In the DataHub, each customer has a relationship to their
retailer and their DSO, but the customer receives only one bill (from the retailer) and never has
any communication with their DSO.
Beyond the wholesale model, a new law called “delivery obligation” (Leveringspligt) requires
consumers to proactively choose a new electricity retailer when they move house. No longer will
a consumer automatically receive a bill from the retailer who was serving the previous home
occupier, nor will the consumer automatically carry their existing retailer over to their new home.
This rule fosters new competition between retailers.
A summary of changes according to the new wholesale model are:


For the consumer, a single bill that covers the cost of energy, all taxes and tariffs, and
communication with only their retailer.



For the retailer, an obligation to pay the DSOs and TSO all tariffs and subscriptions
required. All financial settlements are gathered in the DataHub.



For the DSO, no further contact with the customer (The DSO can make agreements
directly with the customer without consulting an aggregator, if the customer has a
delivery volume of at least 63 A or uses more than 100.000 kWh annually).



For the BRP, no changes.

The DataHub is expected to be able to handle finer time resolutions (e.g. 15 minute intervals),
but there are no plans to bring real-time metering to this data center.
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Figure 5 - Illustration of the communication before and after the wholesale model.
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4 Flexibility
Flexibility is a very broad term, which is used to describe many different aspects of the power
system and the production and consumption units connected to it. In order to avoid confusion, it
is therefore important to differentiate between the different uses of the term. In the introduction,
the term was used to describe the controllability and characteristics of conventional generation,
consumption, distributed generation, and DERs. In the following, the term flexibility will be used
to refer to flexibility from DERs.

4.1 Flexibility from DERs
The term distributed energy resources (DERs) covers a broad spectrum of both production and
consumption units that share some common traits. Most prominently, they are small units in
terms of power and are connected in the distribution network, often in the low voltage grid.
Technically, the term covers all controllable production and consumption units connected to
distribution networks, including small combined heat and power plants, backup generators,
industrial customers, etc.
Flexibility from DERs comes from the ability to control their power production/consumption. In
technical terms, a DER unit has a set of power trajectories that it can follow while respecting all
of its constraints. The flexibility from the DER unit arises from the ability to apply control signals
to select which trajectory within the available set it will follow. As DERs cover a broad spectrum
of production and consumption units, the control that can be applied will depend on the specific
type of unit. However, the control types can be divided into two overarching groups:


The ability to reduce or increase the power production/consumption of the unit



The ability to shift its energy consumption in time.

On the production side, DERs mainly consist of distributed generation based on renewable
energy sources. Since these DERs are usually based on wind and solar power, it is not possible
to control when they produce power. Furthermore, the control that can be applied to these units
is usually limited to only one action - reducing the power production. Another form of DERs on
the production side is emergency generators. Emergency generators do not suffer from the
same limitations as distributed generation based on renewable energy sources.
On the consumption side, DERs mainly consist of devices that have a given energy
requirement, but do not necessarily have to consume that energy at a specific time. An example
of this could be a washing machine. While the washing machine consumes a certain amount of
energy in order to run, there are usually not very strict demands on when it should run. As such,
its energy consumption can be shifted in time – it can be run earlier or later in a day if
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necessary. Washing machines, however, are a rather poor source of flexibility, given their
limitations i.e. once they start, they must complete their washing cycle.
A different example that is more complex, but is a more viable source of flexibility is an electrical
vehicle. Like a washing machine, an electrical vehicle needs a certain amount of energy and
has relatively limited requirements on when that energy must be delivered. The only
requirement is that the electric vehicle should be fully charged when it is needed, which in the
vast majority of cases is in the morning when people leave their homes to go to work. The
charging process usually allows a lot of freedom because it is generally shorter than the amount
of time the electric vehicle spends at home (i.e. connected to a charger). This allows one to
choose when the electric vehicle should charge i.e. shifting the consumption in time.
Furthermore, the charging process is interruptible, meaning that it can be stopped and started
as necessary. It may also be possible to control the charging power, further increasing the
flexibility of the electric vehicle.
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Another important example is that of thermal systems such as heat pumps. Thermal systems
can provide flexibility, but must recover immediately after they have delivered flexibility. Assume
that a heat pump has been turned off for an hour to help the power system. During this time, the
building that it was heating has gotten colder. The heat pump must recover (return the building
to normal temperature) by providing the building with additional heat in the next hour(s) in order
to overcome the energy-deficiency that was created by turning the heat pump off. This recovery
results in increased consumption relative to what it would have been if the heat pump had not
delivered flexibility. The effect is referred to as energy payback, kickback or rebound and is
illustrated in Figure 6.

0
00:00 00:30 01:00 01:30 02:00 02:30 03:00 03:30 04:00 04:30
Time

Figure 6 - Illustration of rebound with 1 hour turn-off and rebound over following 2 hours.

As is evident from the above examples, the flexibility of DERs is limited. These limitations stem
from technical constraints (including end-user requirements) and are highly dependent on the
type of DER unit. For generation these limitations usually come from the primary energy source
and for consumption the limitations come from the primary function (heating, transport, etc.).
The amount of DER units, their size and technical limitations present unique challenges in
utilizing their flexibility, especially if that flexibility is a trade commodity in a free market.
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Flexibility from DERs
-

DERs are small units with low power and low energy storage capacity.

-

DER units are usually connected in the low voltage grid.

-

DER units can be both production and consumption (e.g. emergency generators,
photovoltaics, heat pumps and electric vehicles).

-

DER units have primary functions that are not electricity (e.g. heating and transport).

-

Rebound is a key characteristic of flexibility from DERs.

4.2 Flexibility Needs of TSO, BRP and DSO
4.2.1 Needs of TSO
The TSO is responsible for building, maintaining and operating the transmission grid. The
transmission grid must be both cost-effective and reliable. TSOs are usually also responsible for
the stability and security of the overall power system. One of the tools that the TSO uses to fulfil
their obligations is ancillary service markets, where services for frequency containment (FCR)
and frequency restoration (FRR) are traded. In light of the system challenges discussed in
chapter 1, flexibility-based services offer an additional tool for the TSO.
The needs of the TSO are largely expressed by the existing ancillary service markets and the
flexibility-based services for the TSO will likely be very similar to the ancillary services traded in
the existing markets. As such the flexibility-based services will mimic existing ancillary services
(FCR and FRR) and adapt them to the characteristics and limitations of flexibility from DERs.
The ancillary services in Denmark have been described in section 3.2.

4.2.2 Needs of BRP
The BRP is responsible for balancing the production and consumption of their customers, either
technically or through trading with other BRPs. In Denmark, this is a task that they facilitate for
the TSO, which has the overall responsibility for balancing the power system. Flexibility-based
services offer the BRP an additional tool.
The needs of the BRP are expressed in the existing markets and the flexibility-based services
for the BRP will likely be similar to the services traded in the existing markets, which have been
described in section 3.2. As such the flexibility-based services will mimic existing services for
BRPs and adapt them to the characteristics and limitations of flexibility from DERs.
BRPs may also have an interest in a different type of service than what is expressed by the
existing markets. They may have an interest in services for hedging or mitigating risks by
reserving some flexibility from DERs to ensure that they have some last moment measures,
other than the regulating power market, to balance their own portfolio.
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4.2.3 Needs of DSO
The DSO is responsible for building, maintaining and operating the distribution grid. The
distribution grid must be both cost-effective and reliable. To balance these two requirements,
the DSOs design and operate the grid with a certain amount of reserve capacity in order to
reduce the impact of faults as much as possible.
When faults occur in the medium voltage (MV) grid, the MV grid is reconfigured to bypass the
fault and resupply as many customers as quickly as possible. This reconfiguration puts a much
greater load on the grid in the area around the fault and can lead to overload and voltage
issues.
The natural way for a DSO to avoid these issues would be to reinforce the grid to be able to
handle these rare events. However, it may be more cost effective to buy a service that changes
the load for the short duration where these extreme conditions occur. Flexibility-based services
can offer exactly that.
The basic needs of the DSO are:
1. Reduction of active power consumption/production to avoid overloading of the grid.
2. Change of active/reactive power consumption/production to keep voltage within limits.

If the DSO is to rely on flexibility-based services to deliver reserve capacity in the cases that
occur due to faults, the services must be offered as seasonal services or as long-term services
lasting at least half a year and preferably longer. This is contrary to the general direction in EU,
as EU is heading toward short-term services/contracts for DR. The reason for the long duration
required for these services is that DSOs have to make the decision of whether to reinforce the
grid or use flexibility-based services well ahead of the time where they suspect that such
measures will be required to keep within voltage and capacity limits.
DSOs may also utilize flexibility-based services in other cases, such as planned maintenance or
cases where grid reinforcement or replacement of faulted equipment is not possible. The latter
may occur due to e.g. severe weather or delays in delivery of replacement equipment. In these
cases services with a shorter duration (weeks/months) may also be of interest to the DSO.
The flexibility-based services for DSOs must be local, as they are meant to solve local
congestion issues. Therefore any service requested or delivered to a DSO must be
geographically confined to the local area to which it applies. This means that the service can
only be delivered by DERs that are located within that geographical area.
The low voltage (LV) grid is built differently than the MV grid and does not have the possibility of
reconfiguration. While overload and violation of voltage limits must also be prevented in LV
grids, it is difficult to do so with flexibility from DERs, because the number of customers
connected to an LV feeder is usually small. For LV feeders it is generally regarded that the
relevant portfolio of DERs is too small to offer reliable services. Therefore DSOs are not
expected to require or request any flexibility-based services for constraints in LV grids.
However, DER units delivering services to MV or high voltage grids or to the system may be
connected in LV grids.
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4.3 Barriers for Flexibility
Flexibility from DERs presents unique challenges, which are barriers for its utilization. From a
technical point of view, the amount of units, their diversity, location and small size in terms of
both power and energy require entirely new ways of dealing with monitoring, control and
communication. These characteristics also make it difficult to introduce them to existing
markets.
To overcome these barriers, a new actor is introduced in the power system – the aggregator.
The aggregator is meant to facilitate the difficult task of controlling the many DER units in the
power system and bringing their flexibility to existing and new markets. Technically, BRPs
already do this for large DER units and customers. However, a new way of approaching
aggregation is needed when dealing with flexibility from residential customers due to the unique
challenges that flexibility from DERs presents. Therefore the aggregator is defined as a new
actor that specializes in flexibility from DERs and has different responsibilities, than BRPs.
Additionally, the aggregators will often have different business models with income from
sources outside of the sale of energy.
While there are different forms of barriers for flexibility from DERs (e.g. technical and
regulatory), this chapter focuses on flexibility markets and therefore only barriers related to
bringing flexibility from DERs onto the existing markets will be discussed.
The main barrier is the economical barrier. When an aggregator trades flexibility on a market,
the aggregator must be able to gain sufficient income from trading flexibility on that market.
Previous studies show that there is currently little value in the trading of flexibility, but that the
value is likely to increase in the future due to the general changes in the power system with
increasing amounts of electrification and generation based on renewable energy sources [6].
Another large barrier for flexibility from DERs to participate in the existing markets is the
minimum bid size. Currently the minimum bid size is 10 MW. Even though the bid size may be
reduced to 1 MW in the future, it will still present a significant barrier for flexibility from DERs.
Another barrier is that the existing markets do not have proper provisions for dealing with
rebound when utilizing flexibility from DERs. Current markets can handle multi-hour bids, but do
not include other conditions e.g. the consequences that activation in one time slot can have on
other time slots. More specifically, current markets do not take rebound effects into account
when clearing the market. The clearing process must consider all time slots at the same time in
order to properly deal with rebound and avoid costly market and power system instability [7-8].
Activation time requirements can also be a barrier. These are technical requirements for the
services delivered and therefore they cannot be avoided. However, it does mean that not all
forms of DERs will be able to participate in the same markets. It is therefore important that such
requirements are clearly stated in the service requirements, so that only DERs capable of
fulfilling them participate. Furthermore, it may be possible to relax some of these requirements
in order to make it easier for DERs to participate, as the variety of DERs is far greater than that
of conventional generation.
While most DER units have very short activation times and are usually considered to be
significantly faster than conventional generation, the control systems used to extract flexibility
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from DERs have a very large influence on their actual activation time. As many of the DER units
installed at end-customers today were not designed with flexibility in mind, the activation times
of these units can be significantly longer than what one would expect. Most of the literature
dealing with flexibility assumes that the DER units were designed with flexibility in mind and
thus react almost instantly. However, this is not necessarily true of the DER units that exist at
end-customers today. While it may be possible to extract flexibility from them, they were not
designed for it and the control applied to them may not result in them reacting immediately. With
time, such issues will disappear, but in the early phases of flexibility markets, one should
consider such limitations.
Barriers for Flexibility
-

Currently difficult to find sufficient economic value in trading of flexibility.

-

The minimum bid size on existing markets is too high.

-

The existing markets are not ready to deal with rebound.

4.4 Flexibility Markets in R&D Projects
The question of how a market for flexibility should be designed and operated in relation to the
existing markets still needs to be answered. Several R&D projects have tried to answer that
question and they all seem to be converging towards a common vision.
The following is mainly based on the work of the projects Smart City Kalundborg, iPower and
IDE4L. The flexibility markets of these projects are shortly described in chapter 15 (Appendix 2)
and the complete descriptions can be found in [9-11].
These R&D projects generally envision a flexibility market as a market that runs parallel to the
existing markets. This has several advantages. Firstly, it is not necessary to change the existing
markets, which by their very nature are very rigid and would evolve too slowly to support an
emerging technology and business. Secondly, it gives the flexibility market complete freedom to
define its services and operation independently of the requirements and limitations of the
existing markets.
The commodity traded on the flexibility markets is active power. In some cases (iPower) it is
also possible to trade reactive power. Power is traded in the form of services. The service
formulations make the foundation of the market and the trading that takes place.
The service formulations of previous R&D projects differ quite a bit e.g. IDE4L has two very
generic services that can serve TSOs, BRPs and DSOs, while iPower has a larger amount of
more specific services that are all targeted at the DSO, with a later extension adding a TSO and
a BRP service. Services can essentially be divided into two overarching categories – planned
and conditional:
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Planned services are mandatory e.g. activate 100 kW at 18:00 for the duration of 1
hour.



Conditional services are essentially reserve capacity e.g. reserve the ability to activate
100 kW for the duration of 1 hour in the period from 18:00 to 24:00.

Some of these services include provisions for rebound, which can be an important consideration
when the service is based on flexibility from DERs. Some services, particularly those targeted at
the DSO, are local and it is therefore necessary to share locational information between the
aggregator and the DSO. In the Danish R&D projects working with flexibility markets (Smart City
Kalundborg and iPower), the concept is to share locational information by way of unique
customer IDs and more specifically what is known as “aftagernummer”. IDE4L takes a very
similar approach, where locational information is shared through unique customer IDs.
However, in IDE4L customers are grouped into load areas and macro load areas. This is done
to simplify the market communication and contracting, as only the load area needs to be
specified and not the entire list of customers belonging to it.
An alternative to the approach of these R&D projects is the USEF framework [12], which shares
many common traits with the R&D projects, but rather than using service specifications trades
directly in energy schedules. Other than this difference, it has similar features to the flexibility
markets of the presented R&D projects: runs parallel to existing markets, trades active power,
has provisions for rebound, and uses unique customer IDs to specify location.

Flexibility Markets
-

The basic commodity is active power, traded in the form of services.

-

Services can be scheduled (activated at a certain time) or conditional (activated only
under certain conditions).

-

Services can include provisions for rebound.

-

Services are location based and location is expressed through unique customer IDs.
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5 EcoGrid 2.0 Market Structure
The market structure in EcoGrid 2.0 is built, for demonstration purposes, as a parallel trading
platform to the existing markets. The EcoGrid 2.0 research scope can’t be fulfilled within the
limitations of the existing markets and it is the ambition of EcoGrid 2.0 that existing markets
eventually integrate the changes that this project will propose at its conclusion. The flexibility
market in EcoGrid 2.0 is operated in a separate trading platform because existing markets do
not allow DER units like those used in the EcoGrid 2.0 project to participate e.g. due to
minimum bid sizes, as well as the validation and verification of DERs. In addition to barriers to
entry, existing markets do not accommodate the type of services that flexibility from DERs can
provide. Operating a parallel trading platform for flexibility outside of existing markets
additionally has the benefit of allowing the EcoGrid 2.0 project to develop new services based
on flexibility from DERs that will bring value to the electricity system in the future.
There are two clearing houses in EcoGrid 2.0; the new congestion management market for
location-specific services, where the DSO will acquire flexibility, and existing markets (Elspot,
Elbas, the regulating power market etc.) that are adapted to reduce barriers to entry for DR.
One of the goals of EcoGrid 2.0 is to commercialise flexibility, making the developed market
more than just a research tool and a potential way forward for existing markets. As flexibility
from DERs reaches significant levels and its value becomes apparent, the existing markets will
likely adapt to allow the services developed in EcoGrid 2.0 to be traded, effectively merging the
EcoGrid 2.0 flexibility market with the existing markets.
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5.1 Actors, Roles and Responsibilities
Buyers

TSO

BRP

DSO

Market for Flexibility

AGG 1

AGG 2

Sellers
Figure 7 - Overview of market actors and their roles in the market.

5.1.1 Transmission System Operator (TSO)
The TSO is an actor in the flexibility market. The TSO is responsible for building, maintaining
and operating the transmission grid, as well as the stability and security of the overall power
system. The role of the TSO in the flexibility market will be as a buyer of flexibility-based
services. In relation to the flexibility market, the responsibility of the TSO is to formulate its
needs as service requests in the market that conform to a standardized service description. This
is not new for the TSO, as they already do this in the existing markets. However, the TSO will
lay down new rules for features only exhibited by demand, such as rebound, to ensure system
stability [7-8].

5.1.2 Balance Responsible Party (BRP)
The BRP is a role in the flexibility market. It is usually an independent actor. The BRP is
responsible for balancing the production and consumption of their customers, either technically
or through trading with other BRPs.
The role of the BRP in the flexibility market will be as a buyer of flexibility-based services. In
relation to the flexibility market, the responsibility of the BRPs is to formulate their needs as
service requests in the market that conform to a standardized service description. This is not
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new for the BRPs, as they already do this on the existing markets. What is new is the
aggregator-BRP interaction, explained later in this chapter.

5.1.3 Distribution System Operator (DSO)
The DSO is an actor in the flexibility market. The DSO is responsible for building, maintaining
and operating the distribution grid. The DSO’s role in the flexibility market will be as a buyer of
flexibility-based services. In relation to the flexibility market, the responsibility of the DSOs will
be to formulate their needs as service requests in the market that conform to a standardized
service description. In Denmark, this is new for the DSOs, as the DSOs have not previously
participated in any markets.

5.1.4 Aggregator (AGG)
The AGG is a role in the power system. The role and responsibilities of the AGG depend on the
direction of communication – towards the flexibility market or towards the customer.
Towards the customer, the AGG has the role of service provider. This means that they have an
agreement with the customer to deliver a service e.g. heating or economic optimisation. The
responsibility of the AGG towards the customer is to ensure that whatever control is applied
does not unduly affect the service the customer has contracted. This means that the AGG must
respect the primary function of the DER unit and any other contractual obligations it has with the
customer.
Towards the flexibility market, the role of the AGG is to utilise the flexibility of their customers for
economic gain in the market. It is the AGG’s role to aggregate the flexibility from many
customers and present this flexibility as services in the flexibility market. The services provided
by the AGG must conform to a standardized service description. The AGG is responsible for
controlling the DER units so that the flexibility of its customers is activated according to the
services that the AGG provides.
Market rules could be formed to allow aggregators to operate independently of a BRP, or
require that an aggregator has a contractual agreement (thereby dependent) on a BRP. For the
start-up phase of the market for flexibility, we will pursue and describe a market where
aggregators are dependent on a BRP and must have an agreement with a BRP to settle
imbalances Aggregators will likely require agreements with several BRPs when there are a
range of metering points and separate energy retailers for each. A key component of the
aggregator-BRP relationship is for the aggregator to deliver load schedule plans to the BRP.
This includes a day-ahead plan, plus DSO activations. The BRP can then address the
imbalance that occurs for the BRP when the aggregator activates flexibility.

5.1.5 Electricity Retailer
The electricity retailer is a role in the overall market framework. It is usually an independent
actor. The role of the electricity retailer is to be the main point of contact to customers, so the
customer does not have to deal with the complexities of the electricity markets. The electricity
retailers source energy for their customers from the BRPs. As such, electricity retailers do not
directly take part in the flexibility market, but they are the link between the BRP and the
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customer. If an electricity retailer wishes to participate in the flexibility market, it must become
an aggregator or BRP. Electricity retailers will not be discussed further, as they do not
participate in the flexibility market and are not present in the EcoGrid 2.0 project.

5.1.6 Customer
The customer is an actor in the overall market framework. The customers are not part of the
flexibility market – at least not directly. The DER units of the customers provide the flexibility, but
the customers do not necessarily have to be aware of the flexibility market. The customer has a
contractual agreement with its AGG, where the AGG delivers a service to the customer e.g.
heating or price-optimal control. The customer’s only responsibility is to respect the contractual
agreement with the AGG.
Customers are free to choose whether they want to have an AGG or not. Customers are also
free to choose and change their AGG, just as they are free to choose and change their
electricity retailer.

5.1.7 Market Operator
The market operator is a role in the power system and in the flexibility market. As with any other
market, the flexibility market must have a market operator. The role and responsibility of the
market operator is to ensure that the market is accessible and operates efficiently and reliably.
Whether the role of market operator should be facilitated by an independent actor or by the
other applicable actors (TSO, DSO or BRP) will not be further discussed, as it lies outside the
scope of the EcoGrid 2.0 project. Similarly, the role of market operator will not be further
discussed, as that too lies outside the scope of the EcoGrid 2.0 project. It will simply be
assumed that a market operator exists.

5.1.8 Verification Responsible Party
The verification responsible party is a role in the flexibility market. The role and responsibility of
the verification responsible party is to use measurements from the metering responsible party to
verify that services that were traded on the flexibility market have been provided according to
the service descriptions and contracts.
The role can be facilitated by an independent actor or by the other applicable actors (DSO,
TSO, BRP or market operator).

5.1.9 Metering Responsible Party
The metering responsible party is a role in the power system and the flexibility market. The role
and responsibility of the metering responsible party is to install and operate the meters used for
verification and settlement of electricity and services. It is the responsibility of the metering
responsible party to ensure the accuracy of the metering, collect all metered values, verify that
the metered values do not contain errors, estimate missing or erroneous values and report
complete and verified metering data to all appropriate recipients (DataHub and verification
responsible party).
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5.2 Preconditions and Assumptions
The preconditions and assumptions for the design of the EcoGrid 2.0 market are listed below.

Preconditions and Assumptions

1. DSOs, BRPs and TSO all participate in the same market for flexibility.
2. Multiple aggregators can operate within the same household.
3. The customers must be able to freely choose and switch between aggregators.
4. The basic commodity is active power, traded in the form of services.
5. Services can be scheduled (e.g. day-ahead market) or conditional (e.g. reserve
market).
6. Services can include provisions for rebound.
7. Services are location based and location is shared through unique customer IDs.
8. Aggregators must have a deal with a BRP regarding the balance responsibility.
Aggregators may need agreements with several BRPs.
9. The flexibility market will be operated with 15 minute metering from smart-meters.
10. TSO- and BRP-activation can challenge the DSOs. DSO-activation does not
challenge the TSO or BRPs.
11. The DER units in the demonstration are electrical heating, heat pumps and hot
water boilers.

1. DSOs, BRPs and TSO all participate in the same market for flexibility
Precondition 1 is for two reasons. The first reason is that the needs of the DSOs are not
sufficient to drive a market, since it is expected that there will not be enough revenue for the
aggregators. The iPower project showed that the value of flexibility from DERs lies almost
entirely at transmission system level and that only a small fraction of the value lies at the
distribution grid level [6]. If the marketplace for the DSOs is not the same market as the one for
the BRPs and TSO, it is unlikely that a DSO market will exist at all and the opportunity for the
DSOs to use a flexibility market as a tool will be lost. The second reason is that services for the
DSOs, BRPs and TSO affect each other – e.g. a service sold and delivered to the TSO affects
the DSO. This entanglement of a service for one actor creating unexpected consequences for
other actors is most appropriately addressed by ensuring that all services are traded within the
same marketplace.
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2. Multiple aggregators can operate within the same household
This is based on the assumption that aggregators will evolve from service providers. Currently
only few service providers exist in Denmark and most specialize within one form of DERs (e.g.
heat pumps) and the service they sell to the customer may be something other than electricity
(e.g. heat). It is expected that this kind of specialization will be dominant in the way aggregators
develop and enter the market in the early years of flexibility. Therefore, the market should
support the possibility of several aggregators controlling the DERs of a single customer (e.g.
one for the heat pump and another for the electric vehicle).

3. The customers must be able to freely choose and switch between aggregators
This is a necessity to ensure competition within the market. Just as customers are free to
choose their electricity retailer, they should be free to choose their aggregator. This requires
interoperability in the communication between aggregators and DER units. One of the goals of
the EcoGrid 2.0 project is to demonstrate such interoperability and competition between
aggregators.

4. The basic commodity is active power, traded in the form of services
This comes from previous projects dealing with flexibility from DERs (see section 4.4). The
precondition is also based on the fact that reactive power is not currently traded, but is regarded
as a technical requirement. The choice to trade services is based on the experiences of
previous projects, where it was found to be the best way to abstract the differences in
capabilities of DER units and ensure that many different forms of DER units can participate,
while still fulfilling the needs of the power system.
Reactive power is not traded in the EcoGrid 2.0 market. This is due to several reasons. Firstly,
the technical characteristics of reactive power make it more difficult to trade than active power.
Secondly, reactive power is not traded today. It is treated as a technical requirement that
consumers and producers must deliver to the grid in order to be connected. Finally, most of the
DERs in the EcoGrid 2.0 project are heat pumps, which do not have the capability to control
reactive power, making it impossible to demonstrate the use of reactive power within the
project.
Reactive power could be traded in the EcoGrid 2.0 market similarly to how active power is
traded. However, it has been decided not to include it due to the above reasons. It would be
easy to extend the EcoGrid 2.0 market to include reactive power at a later point in time.

5. Services can be scheduled (e.g. day-ahead market) or conditional (e.g. reserve market)
This comes from previous projects (see section 4.4). The precondition is based on a
generalization of the needs of the different actors in the power system (see section 4.2). It
encompasses the basic characteristics of the services needed (and currently traded) by the
actors in the power system.
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6. Services can include provisions for rebound
This precondition follows naturally from the characteristics of the flexibility available from DER
units. As was explained in section 4.1, DER units have a primary purpose that must be fulfilled.
This means that rebound may occur after flexibility from these DER units is utilized. Services
based on flexibility from DERs must explicitly include rebound into the market bid; aggregators
may not ignore the rebound and purchase energy in subsequent time periods, as this leads to
system instability.

7. Services are location based and location is shared through unique customer IDs
This precondition follows from the characteristics of DER units and the intended services. As
explained in chapter 4, DER units are connected to the distribution network, so location is an
important parameter. Location is particularly important when DSO services are considered, as
these are meant to solve local challenges. Previous projects (see section 4.4) found that the
most appropriate way to express the location of DERs is through unique customer IDs, due to
both technical reasons and privacy.

8. Aggregators must have a deal with a BRP regarding the balance responsibility.
Aggregators may need agreements with several BRPs
This is the chosen model for reducing the barriers to entry for aggregators trading services in
the electricity markets. It was chosen based on existing agreements between BRPs and existing
aggregators who control medium and large heat pumps and hot water boilers. In existing
arrangements, the BRP submits all flexibility bids of the aggregator directly to the market. This
utilises the competences of the BRP in trading in existing markets and is a cost-effective option
for the aggregator who would otherwise have to invest in trading expertise. An aggregator would
likely need agreements with several BRPs, since its portfolio would span many customers each
with their own electricity retailer. With 15-minute meter values, it is likely that there will only be
one BRP per metering point; however, improving energy disaggregation techniques or higher
time-resolution values (e.g. 1-minute meter values) mean that a statistical separation of the load
behind a single metering point may allow several BRPs in the near future.
The aggregator-BRP relationship has the following characteristics.


A bilateral contract that commits the BRP to forwarding all bids to market. Payment from
aggregator to BRP for trading on the aggregators behalf.



The aggregator provides day-ahead load schedules and notifications of DSO flexibility
activations to the BRPs for its portfolio.



An optional agreement for BRP to reserve flexibility from the aggregator, or combine the
aggregators’ flexibility with its own resources. This allows the BRP to hedge against
imbalances arising from within its portfolio.

9. The flexibility market will be operated with 15 minute metering from smart-meters
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15 minutes is expected to be the minimum time interval in the DataHub in the future. The
flexibility in the EcoGrid 2.0 demonstration is measured by the meters with 5 min. data interval
for evaluation purposes.

10. TSO- and BRP-activation can challenge the DSOs. DSO-activation does not challenge
TSO or BRP
Energinet.dk (the Danish TSO) has stated that imbalances resulting from flexibility services for
DSOs will be too small to account for at transmission level. We assume for now that congestion
management services for DSOs are so rarely activated, that they are not activated in multiple
DSOs at the same time. This assumption is based on rare DSO activations (and only one
feeder at a time), which we believe is reasonable to expect in the immediate future, when
flexibility in markets is only starting up (the scope of EcoGrid 2.0).
While the imbalances caused by flexibility services for DSOs may be insignificant at TSO level,
the imbalances may cause portfolio imbalance cost for a BRP. We assume that such
imbalances are accounted for through the bilateral interactions between aggregator and BRP.
Flexibility services for TSOs may cause congestion in the distribution networks of DSOs. The
DSO will have to absorb the risk of a TSO flexibility service causing congestions in its network
and will have to deal with this issue either through the acquisition of flexibility or by
reinforcement.
EcoGrid 2.0 will not define which services have priority in the case where the aggregator has
contradicting services activated by the TSO and DSO. In such cases, the aggregator must
analyse the consequences of ignoring each service and activate according to its own best
interests. The consequences of ignoring service activations could be serious for the aggregator,
such as being banned from participating in future market clearings (on TSO or DSO level), so
the aggregator must factor this into its bidding and scheduling algorithms.

11. The DER units in the demonstration are either direct electrical heating or heat pumps
In the EcoGrid 2.0 demonstration the DER units that are available are either direct electrical
heating or heat pumps installed at residential customers. As these are thermal systems they
must recover immediately after they have delivered flexibility. This means that rebound will
occur. The EcoGrid 2.0 market, however, will be developed for all DERs – both production and
consumption with or without rebound.
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6 Services to the Market
The basic commodity traded on the EcoGrid 2.0 market is active power. It is traded in timeslots
of fixed length, defined by the market. To be traded in the market, it needs to be formulated as
services that are tailored to the needs of the TSO, BRPs and DSOs.
These services can be grouped into two categories:


Scheduled services
Services that are activated at the contracted point in time and delivered over the
contracted duration of time e.g. 100 kW load reduction activated at 18:00 and delivered
for a duration of 1 hour.



Conditional services
Services that are contracted for a period of time, but are activated at the request of the
buyer e.g. reserve the ability to activate 100 kW load reduction for a duration of 1 hour
in the period from 18:00 to 24:00.

It must, however, also be possible to trade other services in the market – services where
delivery does not depend on activation e.g. FCR. These are essentially scheduled services, but
the amount of energy delivered during the contracted period cannot be determined beforehand.
Furthermore, there is no formal activation of the service, as the service is active during the
entire contracted period.
As each service is different, the contracts for the services will also be different. A
standard/generic contract for each service must be defined in order to facilitate trading of the
services.

6.1 Overview of Services
There will be a number of services in the EcoGrid 2.0 flexibility market:
1. Balance Service
This service can be delivered by either generators or loads. When delivered by loads it
can be either an increase or reduction of consumption, depending on what is needed. If
delivered by generators it can be either an increase or reduction in production,
depending on what is needed.
2. Load Reduction Service
This is a reduction in power consumption. It is delivered by reducing the total power
consumption a portfolio of loads i.e. DERs. A similar effect can be achieved by
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increasing local production from DERs, which reduces the power that the grid must
deliver.
3. Load Increase Service
This is an increase in power consumption. It is delivered by increasing the total power
consumption of a portfolio of loads i.e. DERs. A similar effect can be achieved by
reducing local production of DERs, which increases the power that the grid must
deliver.
4. Power Limitation Service
This is a limitation of the total power consumption of a portfolio of DERs. It can also be
used to limit the total power production of a portfolio of DERs in areas with a lot of
distributed generation.
5. Voltage Control Service
This is a service where the total power consumption of a portfolio of DERs is reduced or
increased according to a continuously varying reference in order to keep network
voltage within limits.

Additional services can be added to cover other needs, but these are the services that EcoGrid
2.0 will focus on. All of these services are described in detail in the following sections. Table 2
shows how they apply to the different parts of the EcoGrid 2.0 flexibility market.
The services are delivered as a change of power relative to a baseline. Baselines are further
described in chapter 11.
Market / Service (Buyer)

EcoGrid 2.0 Service
Load
Increase

Load
Reduction

Power
Limitation

Voltage
Control

Balance
Service

FCR – Frequeny
Containment Reserve (TSO)
aFRR – Automatic
Frequency Restoration
Reserve (TSO)
mFRR – Manual Frequency
Restoration Reserve (TSO)

X

Regulating Power (BRP)

X

Congestion – Overload
(DSO)
Congetion – Voltage (DSO)

X

X

X
X

Table 2 - Overview of services and their applicability to different parts of the EcoGrid 2.0 flexibility
market.
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6.2 Load Reduction Service
This service is characterized by Figure 8. The service consists of two energy volumes:


The service volume, defined by the service power (Ps) and the service duration (ds)



The rebound volume, defined by the rebound power (Prb) and the rebound duration
(drb).

Load Reduction Service
P [kW]

drb

Prb

t [h]

Ps

ds
Figure 8 - Load reduction service.

The service volume defines what must be delivered. The aggregator must deliver at the service
power (Ps) for the required service duration (ds). After activation, the aggregator must deliver the
rebound power (Prb) for the required rebound duration (drb).
Typically, the two volumes are equal. However, this is not a requirement. DERs with rebound,
such as thermal loads (heating or cooling) will require that the volumes are roughly equal if
comfort level is to be unaffected (in spite of the non-linearities in a thermal system). However,
some forms of DERs do not have a rebound and therefore do not require that the service and
rebound volume are equal.
Similarly, if the buyer is a DSO trying to avoid overload, it could make the judgement that
rebound is only an issue in a short period after service activation. Thus, the buyer could choose
to allow additional rebound to occur after the rebound duration specified in the service has
passed. This is shown in Figure 9. Such use of the load reduction service is only applicable to
DSO services, as additional rebound would never be allowed in services for BRPs and TSO.
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Load Reduction Service with
Unequal Service and Rebound Volumes

P [kW]

drb

Additional
rebound

Prb
t [h]

Ps

ds
Figure 9 - Load reduction service with unequal service and rebound volume and additional rebound.

Figure 10 illustrates the effect of a load reduction service. In this example the load reduction
service is used to obtain a load reduction in the conventional peak hours to avoid overloading of
the grid. In the example, the service and rebound volumes are equal.
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Power Reduction Service Applied to Load Profile
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t [h]
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Figure 10 - Illustration of a load reduction service with rebound applied to a load profile. The full line
shows the resulting load profile and the dashed line shows the load profile without the load reduction
service.

The load reduction service can be delivered both as a scheduled service and as a conditional
service. This has influence on what conditions, other than the service and rebound values, must
be specified in the service contract. Table 3 lists the conditions that should be specified for a
power reduction service.
Description

Designation

Unit / Value

Service Name

-

-

Reservation Start Time

trs

Date-Time

Reservation End Time

tre

Date-Time

Service Start Time

ta

Time

Service End Time

tr

Time

Service Duration

ds

s (value must be positive)

Service Power

Ps

kW

Rebound Power

Prb

kW

Rebound Duration

drb

s (value must be positive or zero)

Activation Trigger

tact

Time; Signal

Release Trigger

trel

Time; Signal

Time of Full Activation

tfa

s

Time of Full Release

tfr

s

Point of Delivery

Area

Unique Customer IDs

Table 3 List of conditions that should be specified for a load reduction service.

Reservation and service start and end times are used to define when the service is delivered.
Reservation start and end times are essentially the duration of the contract, while service start
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and end times define the activation of the service. The use of these will be further detailed in the
specific service descriptions.
Service and rebound power and duration are used to specify the size of the service itself, while
activation and release triggers are used to specify how a service is activated and released.
Time of full activation and release specify the latest time from reception of the activation/release
trigger by which the aggregator must fully deliver/release the service. Point of delivery is the
area for which the service is requested – a condition that is very important when defining local
services for DSOs.
An example of a service with unequal service and rebound volumes is shown in Figure 11, as a
visual example denoting the most important values describing the technical conditions of the
service. Activation and release times are set to 15 minutes in this example, with tickmarks on
the time axis indicating a full hour.

Load Reduction Example
P [kW]
drb

Prb
t [h]

Ps

ds
trs

ta tfa

tr tfr

tre

Figure 11 - Load reduction service example with annotation.

If local production is present in the portfolio of DERs, the desired change in consumption may
also be achieved by increasing local production and thus reducing the power that the grid must
deliver.

6.3 Load Increase Service
This is service is the inverse of the load reduction service and will therefore not be described
further. For further details read section 6.2. As with the load reduction service, the load increase
service can also be delivered by local production. Local production can be reduced, thus
increasing the power that the grid must deliver.
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6.4 Balance Service
The balance service is essentially a special case of the load reduction and load increase
services. It therefore has the same basic formulation as the load reduction service.

6.5 Power Limitation Service
The service consists of keeping consumption (or production) below an agreed power limit. This
service is characterized by Figure 12.

Power Limitation Service
P [kW]

Ps

t [h]
ds
ta
trs

tr
tre

Figure 12 - Power limitation service. The aggregator must keep the power of its portfolio within the
service power Ps.

The service differs significantly from the load reduction and load increase services. Not only in
form and shape, but also in where the risk and responsibility lies. With the power limitation
service, the DSO can in certain cases hand over both risk and responsibility to the aggregator.
The reason that this can transfer of risk and responsibility can occur comes from the formulation
of the service. The following example illustrates how risk and responsibility are transferred to
the aggregator.
Assume a situation with a single aggregator controlling all the customers and their DERs. The
aggregator offers a service to limit the total power consumption (both the conventional
consumption and the consumption from DERs) of that group of customers. The aggregator has
used a forecast of the conventional consumption and the needs of the DERs to plan how to
operate the DERs to stay within the power limit. Any deviation in conventional consumption from
what was forecasted must be compensated by the DERs in order for the aggregator to stay
within the agreed power limit. This essentially means that if the conventional consumption is
higher than forecasted, the aggregator must reduce the power from the DERs more, making it
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more difficult for the aggregator to deliver the service. On the other hand, if the conventional
consumption is lower than forecasted, the aggregator does not have to reduce power from
DERs as much, making it easier for the aggregator to deliver the service.
To determine what the power limit for the aggregators should be, the DSO has to forecast the
consumption and production. This is important because not all consumption and production will
be under the control of an aggregator. The DSO therefore has to determine how large the
power consumption of the uncontrolled consumption and production will be, before it can find
out what power limit it would like the aggregators to stay within.
The power limitation service can be used in 3 ways. The first and most obvious way to use the
service is as a constant power limit over a longer period of time. This use of the service has the
advantage that the DSO does not have to consider rebound effects, as the aggregator must
stay within the power limit at all times. Thus the challenges associated with rebound are placed
entirely with the aggregator.
The downside of this use of the power limitation service is that it unnecessarily limits the
aggregator outside of peak periods, where the lower consumption of other customers means
that the grid can handle additional power consumption from the aggregator’s customers. This
use of the power limitation service is illustrated in Figure 13.

Power Limitation Full Day

Pconventional
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Figure 13 - Power limitation service with constant power over a long time – here only a single day is
shown. Ps is the power limit for the customers that are part of the aggregator’s portfolio. Pconventional is the
power consumption of all the customers that are not part of the aggregator’s portfolio. The shaded area
shows the unused grid capacity that is not available to the aggregator.

The other two ways to use the power limitation service is for short service durations – either as
a scheduled service or as a conditional service. This use is illustrated in Figure 14. When used
in this way, rebound must be considered and specified in the service formulation. The
specification of rebound essentially means that the aggregator has a power limit in the rebound
period as well. However, the rebound power limit is larger than that of the service power. With
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this use of the power limitation service, the service is activated and released either by time
(scheduled service) or by an external signal (conditional service).

Power Limitation with Rebound (Scheduled or Conditional)
P [kW]

Prb

Ps

t [h]
ds
trs

trs

drb
trs

tre

Figure 14 - Power limitation service used as scheduled or conditional service.

The conditions that should be specified for the power limitation service are listed in Table 4.
Description

Designation

Unit / Value

Service Name

-

-

Reservation Start Time

trs

Date-Time

Reservation End Time

tre

Date-Time

Service Start Time

ta

Time

Service End Time

tr

Time

Service Duration

ds

s (value must be positive)

Service Power

Ps

kW

Rebound Power

Prb

kW

Rebound Duration

drb

s (value must be positive or zero)

Activation Trigger

tact

Time; Signal

Release Trigger

trel

Time; Signal

Time of Full Activation

tfa

s

Time of Full Release

tfr

s

Point of Delivery

Area

Unique Customer IDs

Table 4 - List of conditions that should be specified for a power limitation service
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6.6 Voltage Control Service
This is an advanced service that requires more effort from both the buyer (DSO) and the
aggregator, than the power reduction and power limitation services. The voltage control service
is characterized by Figure 15. As shown in Figure 15, the service consists of two limits – an
upper and a lower voltage limit, Umax and Umin respectively. The aggregators must control their
DERs such that the grid stays within the voltage limits.

Voltage Control Service
U [V]
Umax
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t [h]
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Figure 15 - Voltage control service. The full line shows the grid voltage with the service and the dashed
line shows the grid voltage without the service. The green shaded area shows the volume of the service.

Since the aggregator has no knowledge of the grid, the buyer (DSO) must supply a continuous
reference signal to the aggregator.
The first challenge with this service lies in deciding what that reference signal should be. The
reference signals that can be used are a voltage reference and a power reference. Each has its
advantages and drawbacks. In EcoGrid 2.0, a power reference is used.
As the buyer (DSO) knows exactly how large a change in power is necessary to keep the
voltage within limits, the buyer can give the aggregator a direct power reference. This is easier
for the aggregator to work with, as the aggregator knows exactly what amount of power
reduction it is expected to deliver. Using a power reference also has the advantage that it is
easy to divide the service across multiple aggregators.
The voltage control service has other challenges as well. It can be rather difficult to forecast the
amount of power necessary to keep the voltage within limits. It depends highly on the overall
state of the grid and the voltage control that is otherwise available to the buyer. Despite this, if
this service is to be traded on a market, then it is essential that the buyer gives a maximum
service power and service duration. If these are not available, the aggregator has no way of
determining whether they can deliver the requested service or not.
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The above conditions introduce high uncertainty and risk on the aggregator side of the service.
Furthermore, as the service is continuous, the DERs must also have time to recover after
activation. This significantly complicates the service.
These uncertainties and risks on the aggregator side can be reduced if the buyer provides a
forecast (non-binding) to the aggregator, as an estimate of the expected delivery for the next
day. Assuming a reasonably good forecast, the aggregator can plan ahead, significantly
improving the reliability of the service and lowering the risk for the aggregator. It is therefore
mandatory for this service that the buyer provides a daily forecast to the aggregator, for the
duration of the service contract.
Another way in which the reliability of the service and the risk and uncertainty can be reduced is
to also employ reactive power for delivering the voltage control service. The voltage control
service could be a good reason to extend the EcoGrid 2.0 market to include reactive power in
the future.
Table 5 lists the conditions that should be specified for a voltage control service.
Description

Designation

Unit / Value

Service Name

-

-

Reservation Start Time

trs

Date-Time

Reservation End Time

tre

Date-Time

Service Start Time

ta

Time

Service End Time

tr

Time

Service Duration

ds

s (value must be positive)

Service Power
(Load Reduction)

Ps1

kW

Service Power
(Load Increase)

Ps2

kW

Reference Signal

Ref

Power in kW

Activation Trigger

tact

Time

Release Trigger

trel

Time

Time of Full Activation

tfa

s

Time of Full Release

tfr

s

Point of Delivery

Area

Unique Customer IDs

Table 5 - List of conditions that should be defined for a voltage control service.

6.7 Price, Penalty and Settlement
For all services, conditions relating to the pricing for the service and the quality of delivery must
be specified. The price structure for services can differ depending on the service, but in general
consists of a reservation price and an activation price, where the former only applies to
conditional services.
Similarly, the service contract must specify the penalty for not delivering the expected quality of
service as part of the settlement terms. This is specified individually for each service and must
therefore be part of the service formulation.
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The Danish TSO, Energinet.dk, does not currently use penalties, and has no intention of doing
so in the future either. Therefore penalties are only relevant for DSO services; mainly in
situations where the DSO has no immediate alternative options available for congestion
management if the aggregator does not deliver the expected quality of service.
Outside of the technical conditions listed for each service, all services should also specify the
conditions listed in Table 6. Pricing, verification and settlement are further explained in chapters
9, 11 and 12.
Description

Designation

Unit / Value

Reservation Price

TBD

EUR/DKK

Activation Price

TBD

EUR/DKK

Penalty for Non-Delivery

TBD

TBD

Table 6 - List of conditions that should be defined for all services.

6.8 Services for TSO
The services for the TSO have to fulfil the needs described in subsection 4.2.1, while respecting
the physical limitations of DER units. The services should closely resemble those offered by the
existing markets, with the main difference being the inclusion of rebound.

6.8.1 Congestion Management Services
The TSO can make use of a set of services to manage congestions in its network. These
services are equivalent to the DSO services presented in section 6.10. For further details on the
use of these services, see section 6.10.

6.8.2 Frequency Containment Reserve (FCR) Service
Some DER units are able to provide frequency regulation. The number of units able to do this
will likely be larger in the future, especially if it is possible for the customer to sell this as a
service to the TSO. Providing FCR would have very little impact on some types of DER units,
making it a logical alternative to the classic retailers of the service (power plants). DERs could
participate under the conditions specified by draft regulations for energy storage devices (mainly
batteries) [13]. While FCR services are sold for durations of hours, they are only required to be
able to provide full power for 15 minutes. After this period, other resources are meant to take
over, as explained in subsection 3.2.2. DERs should therefore be able to provide this service in
the existing markets. Even though the service does not require the flexibility market, it is
included here for consistency.
The technical requirements for providing FCR are quite strict though, among them the
requirement of 1 second measurement resolution. As such, DER units may have issues living
up to these requirements. On the other hand, if DER units can live up to the technical
requirements, they could provide a service that is as good and reliable, if not more so, than that
of existing suppliers (power plants). The nature of DER and aggregation can make the service
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provided by DERs more reliable, as a single technical failure will not render the entire service
undeliverable – it would merely cause a small decrease in the overall power available.

6.8.3 Frequency Restoration Reserves (FRR) Service
DER units can provide FRR services. DERs can provide both aFRR and mFRR services. aFRR
services usually have stricter requirements than mFRR. As it is likely that DERs will only offer
mFRR services in the early stages of the flexibility market, only mFRR will be treated in this
document. As shown in subsection 3.2.2, mFRR services coincide with the balance power
market. Given that the service description for mFRR and the balance power market is
essentially the same, with the mFRR market being the reservation and the balance market
being the activation, the aggregator could sell this service to either the BRP or the TSO. mFRR
requires a service duration that is likely to cause a rebound effect when delivered from DERs
and it is therefore difficult to trade on the existing markets. However, a similar service with
rebound provisions can be traded in the EcoGrid 2.0 flexibility market.
As the mFRR market only serves the purpose of reservation and the actual service activation
occurs in the balance market, only a single balance service is used in EcoGrid 2.0 and this
service is described in subsection 6.9.1.

6.9 Services for BRP
The services for the BRP have to fulfil the needs described in subsection 4.2.2, while respecting
the physical limitations of the DER units. The services should closely resemble those offered by
the existing markets, with the main difference being the inclusion of rebound.

6.9.1 Balance Service
As explained earlier, the balance service is a special case of the load reduction and load
increase service. For the balance service, reservation and service times are equal to each
other. The reservation and service times, as well as the service duration, are defined according
to the balance market time slots. The rebound duration is also defined according to the balance
market time slots, so that it can be dealt with appropriately in the market time slots in which it
occurs.
This service can be used in the adapted existing markets in the EcoGrid 2.0 framework.
Table 7 shows an example of the balance service. Here the reservation time is one hour, which
is equivalent to 4 time periods in the EcoGrid 2.0 balance market. Service times and duration is
of course also 1 hour, as it must be equivalent to the reservation time. Service and rebound
volumes are of equal size, as in this example, it is assumed that the entire service is delivered
by DERs that exhibit a rebound effect. Activation and release times have been set to 5 minutes,
such that they are shorter than a market time slot. The activation and release triggers are both
time, as the activation and release are known ahead of time.
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Service Name

Balance

Reservation Start Time

Dec. 1 2016, 00:00

Reservation End Time

Dec. 1 2016, 01:00

Service Start Time

00:00

Service End Time

01:00

Service Duration

3600 s (1 hour)

Service Power

50 kW

Rebound Power

25 kW

Rebound Duration

7200 s (2 hours)

Activation Trigger

Time

Release Trigger

Time

Time of Full Activation

300 s (5 minutes)

Time of Full Release

300 s (5 minutes)

Point of Delivery

List of IDs

Table 7 - Example of a balance service

6.10 Services for DSO
The services for the DSO have to fulfil the needs described in subsection 4.2.1. However, they
must also respect the limitations of the DER units that deliver the flexibility. The primary need of
the DSO will be a change in active power. The load reduction service is meant to reduce the
consumption. This can be necessary in situations such as the evening consumption peak. If
local production is available, it may be increased to reduce the power that the grid must deliver.
The load increase service is meant to increase the consumption. This can be necessary in
situations such as midday, where there is high PV production and no consumption. An increase
in consumption can offset some of the local production, reducing reverse power flow that must
be transferred through the grid. One can of course also curtail/reduce the local production. As
all services for the DSO are local, it is important that all services for the DSO contain locational
information. The need for locational information is described further in subsection 4.2.1.

6.10.1 Load Reduction Service
The primary purpose of this service is to reduce the consumption in a local grid to avoid
overloading of network components in situations with high consumption. The service can be
delivered both as a scheduled service and as a conditional service. This has influence on which
parts of Table 3, other than the service and rebound values, must be specified in the service
contract.

As Scheduled Service
When load reduction is delivered as a scheduled service, then reservation times are used to
specify the period for which the contract is valid and service times are used to specify the time
of day when the service must be activated. For instance, if a load reduction is desired daily from
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16:00 to 20:00 for the duration of a week, then the reservation times will specify a period of
seven days and the service start and end times (ta and tr) will be 16:00 and 20:00, respectively.
As the service is scheduled, the activation and release triggers (t act and trel) will be time.
Activation and release times should be specified as something short, as one would expect them
to be minimal, given that the aggregator is aware of the start and end times of the service well
ahead of the actual activation and release.
An example of a scheduled service is given in Table 8. In the example, the contract lasts
throughout December and January, with service activation occurring daily from 16:00 to 20:00
to reduce the traditional daily peak and avoid overload. The service power is set at 50 kW,
which is suitable for an LV grid, but would not make any significant change in the MV grid.
Rebound is limited to 25 kW for the next 4 hours (20:00 to 24:00). The rebound volume is
smaller than the service volume, so additional rebound may occur after the contracted rebound
period. This means that in this example it is deemed that the loading of the grid is so low after
midnight that any additional rebound that may occur will not cause any issues.
Service Name

Load Reduction Planned

Reservation Start Time

Dec. 1 2016, 00:00

Reservation End Time

Feb. 1 2016, 00:00

Service Start Time

16:00

Service End Time

20:00

Service Duration

14400 s (4 hours)

Service Power

50 kW

Rebound Power

25 kW

Rebound Duration

14400 s (4 hours)

Activation Trigger

Time

Release Trigger

Time

Time of Full Activation

300 s (5 minutes)

Time of Full Release

300 s (5 minutes)

Point of Delivery

List of IDs

Table 8 - Example of a scheduled load reduction service.

The scheduled load reduction service can be used by the DSO to avoid overload situations that
can be predicted, such as the evening peak. This can be useful for the DSO in cases where
large events, construction work or similar situations temporarily increase the consumption in a
local area, above what is normal. It may also be used during grid maintenance, where parts of
the grid may experience higher loading.
The main advantage of a scheduled load reduction is that all involved parties know ahead of
time when the activation will occur and for how long. This knowledge makes it easier for the
aggregator to deliver the service, which should make it possible to extract most of the flexibility
available from the DERs. The low uncertainty associated with a scheduled service should
increase the reliability of the service and the available flexibility.
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As Conditional Service
When the load reduction is delivered as a conditional service, the reservation times serve to
specify the period for which the contract is valid. Service start and end times can be used to
limit the reservation period to a specific part of the day. The activation and release triggers,
however, are external signals. Service duration specifies the maximum duration of the service.
Activation and release times become important, as they specify how long time the aggregator
has to make the DERs deliver/release the service – this includes calculating and distributing the
control signals, as well as the time it takes for the DERs to follow the received commands.
Conditional services can inherently be activated multiple times over the reservation period,
including multiple times each day. As DERs need time to recover after each activation (i.e.
rebound), multiple activations with short delays between each activation may be problematic,
especially in cases where service and rebound volume are not of equal size. While this could be
specified within the service contract, it would significantly complicate both the service
formulation and the trading. As a consequence, in EcoGrid 2.0 conditional services can only be
activated once per day.
Table 9 gives an example of a conditional load reduction service. In the example, a load
reduction that can be activated at any time of day is reserved throughout December and
January. The load reduction is 50 kW for a maximum duration of 4 hours. Rebound is allowed
after delivery of the service, but is limited to 25 kW for 4 hours after release. The activation and
release times are set to 30 minutes, indicating that for this specific service, these are not a
critical factor. Release of the service occurs either after the service duration has passed or
earlier by a release trigger.
Service Name

Load Reduction Slow

Reservation Start Time

Dec. 1 2016, 00:00

Reservation End Time

Feb. 1 2016, 00:00

Service Start Time

00:00

Service End Time

23:59

Service Duration

14400 s (4 hours)

Service Power

50 kW

Rebound Power

25 kW

Rebound Duration

14400 s (4 hours)

Activation Trigger

Signal

Release Trigger

Signal

Time of Full Activation

1800 s (30 minutes)

Time of Full Release

1800 s (30 minutes)

Point of Delivery

List of IDs

Table 9 - Example of a conditional load reduction service.

The conditional load reduction service is well suited for reducing the consumption in N-1
situations. For the DSO this service would reduce the need for reserve capacity in the grid. The
freed up reserve capacity directly translates to increased grid capacity in normal operating
conditions, reducing the need for grid reinforcement.
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The main advantage of the conditional load reduction is that it can be activated when
necessary. This can significantly reduce the costs for the DSO compared to the scheduled
service if the cost is divided into a reservation cost and an activation cost. Since the service will
rarely be activated, the DSO would for the most part only have to pay the reservation cost.
If the time of full activation and release are sufficiently long, the aggregator may still be able to
trade the flexibility in the balance market if the DSO does not activate it. This could allow the
reservation cost to be very low.
The conditional service is more difficult for the aggregator, because the time of activation is not
known. However, the conditional service is more likely to be requested by DSOs.

6.10.2 Load Increase Service
The primary purpose of this service is to avoid overloading of network components in situations
with high local production. Its use, advantages, and disadvantages are the same as that of the
load reduction service.

6.10.3 Power Limitation Service
The primary purpose of this service is to reduce the load in a local grid to avoid overloading of
network components. The service can be delivered both as a scheduled service and as a
conditional service. This has influence on which parts of Table 4, other than the service and
rebound values, must be specified in the service contract.

As Constant Limit
When used as a constant limit, the power limitation service essentially functions as a virtual
fuse. The reservation start and end times specify the duration of the contract and service. The
service power specifies the power limit which the aggregator must stay within. Service start and
end times, as well as duration, don’t need to be specified.
An example of a constant limit service is given in Table 10. The reservation, and thus the
st
st
contract, covers the period from December 1 to February 1 . The service start time, end time
and duration are not specified, as the service is delivered throughout the entire reservation
period. The service power is specified as 250 kW, which is a size appropriate for e.g. part of a
secondary substation. Activation and release triggers are time and activation and release times
need not be specified.

50 │ Services to the Market │ EcoGrid 2.0

Service Name

Load Limitation

Reservation Start Time

Dec. 1 2016, 00:00

Reservation End Time

Feb. 1 2016, 00:00

Service Start Time

-

Service End Time

-

Service Duration

-

Service Power

250 kW

Rebound Power

-

Rebound Duration

-

Activation Trigger

Time

Release Trigger

Time

Time of Full Activation

-

Time of Full Release

-

Point of Delivery

List of IDs

Table 10 - Example of a constant limit power limitation service.

This constant limit power limitation service can be useful for the DSO in situations where a grid
reinforcement is necessary, but due to unforeseen circumstances, the reinforcement cannot be
made in time. This could be due to delays in delivery of the necessary components, weather
conditions, etc. Other situations, such as temporarily increased consumption could also be a
reason for using this service.
In such cases, the DSO could request a constant limitation to ensure that the grid is not
overloaded in the period. The main advantage of this service is that it ensures the DSO that the
power consumption will always be within the power limit, which also means that the DSO does
not have to consider rebound.

As Scheduled Service
When used as a scheduled service, the main purpose of the power limitation service is to
prevent overload in the conventional peak periods. The reservation start and end times specify
the duration of the contract. Service start and end times are used to specify the daily activation.
The service duration must also be specified.
As the scheduled service is limited to only part of the day, rebound must also be specified.
Similarly, appropriate activation and release times must be specified. The activation and release
triggers are always time, as the service is scheduled.
An example of a scheduled service is given in Table 11. The service is reserved throughout
December and January. The service start and end times are chosen to cover the conventional
peak period and the service duration is set to 4 hours. The service power is specified as 250
kW, which is a size appropriate for e.g. part of a secondary substation. Rebound is limited to 50
kW for the next 2 hours (20:00 to 22:00), i.e. the aggregator must keep the consumption of its
portfolio below 300 kW (service power plus rebound power). In this case, it is deemed that it is
not necessary to limit the power after 22:00. Activation and release times are set to 5 minutes,
as the aggregator knows the time of activation and release ahead of time and can plan
accordingly.
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Service Name

Load Limitation Planned

Reservation Start Time

Dec. 1 2016, 00:00

Reservation End Time

Feb. 1 2016, 00:00

Service Start Time

16:00

Service End Time

20:00

Service Duration
Service Power
Rebound Power
Rebound Duration

14400 s (4 hours)
250 kW
50 kW
7200 s (2 hours)

Activation Trigger

Time

Release Trigger

Time

Time of Full Activation

300 s (5 minutes)

Time of Full Release

300 s (5 minutes)

Point of Delivery

List of IDs

Table 11 - Example of a scheduled power limitation service.

The scheduled power limitation service has a use that is very similar to the scheduled load
reduction service. It can be used to limit the flexible consumption in periods where overload of
the network is predicted. The main difference is that any deviation from the forecasted flexible
consumption must be addressed by the aggregator, rather than the DSO.
The disadvantage is that the DSO must divide its consumption forecast into a flexible
consumption and an inflexible consumption, making forecasting more difficult for the DSO.

As Conditional Service
When used as a conditional service, the main purpose of the power limitation service is to avoid
congestion of the network in situations with reduced network capacity e.g. N-1 conditions. The
reservation start and end times specify the duration of the contract. Service start and end times
can be used to limit the reservation to a specific part of the day, rather than the entire day.
Activation and release are defined by external signals. The service duration must be specified
and determines the maximum duration of the service. Rebound and activation and release
times are important to specify.
Conditional services can inherently be activated multiple times over the reservation period,
including multiple times each day. As DERs need time to recover after each activation (i.e.
rebound), multiple activations with short delays between each activation may be problematic,
especially in cases where service and rebound volume are not of equal size. While this could be
specified within the service contract, it would significantly complicate both the service
formulation and the trading. As a consequence, in EcoGrid 2.0 conditional services can only be
activated once per day.
An example of a conditional service is given in Table 12. The service is reserved throughout
December and January. The service start time and end times are used to narrow down the
reservation time to only cover part of the day. The service duration is set to 4 hours, so that it
can cover the duration of the conventional peak in full. The service power is specified as 250
kW, which is a size appropriate for e.g. part of a secondary substation. The maximum rebound
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allowed is 50 kW, for a total power limit of 300 kW. It is deemed that rebound duration of 2
hours is sufficient to avoid problems with the rebound. Activation and release times are set to 15
minutes, indicating that it is important that this service is activated and released quickly.
Service Name

Load Limitation Fast

Reservation Start Time

Dec. 1 2016, 00:00

Reservation End Time

Feb. 1 2016, 00:00

Service Start Time

12:00

Service End Time

00:00

Service Duration
Service Power
Rebound Power
Rebound Duration

14400 s (4 hours)
250 kW
50 kW
7200 s (2 hours)

Activation Trigger

Signal

Release Trigger

Signal

Time of Full Activation

900 s (15 minutes)

Time of Full Release

900 s (15 minutes)

Point of Delivery

List of IDs

Table 12 - Example of a conditional power limitation service.

The conditional power limitation service has a similar use for the DSO as the conditional load
reduction service. The advantage of the power limitation service is that any deviation from the
forecasted flexible consumption must be addressed by the aggregator, rather than the DSO.
The disadvantage of the service is that it the DSO must divide its consumption forecasting into a
flexible consumption and an inflexible consumption, making forecasting more difficult for the
DSO.

6.10.4 Voltage Control Service
The purpose of the service is to ensure that the grid voltage stays within an acceptable interval.
An example is given in Table 13. In the example voltage control is requested throughout
December. The service powers for load reduction and increase are 50 kW and 25 kW. This is
suitable for an LV grid, but would not make a significant impact in the MV grid. The maximum
duration is set to 4 hours. Together with the service powers, this tells the aggregator how much
energy they should expect the service to require over the duration of a day. The specified
duration should be sufficient to cover the peak hours of a day. The activation and release
triggers are time, as the service is constantly active throughout the period. The reference signal
is specified to be a power reference, as mandated by the service. Time of full activation and
release is set to 5 minutes to ensure that there are no long delays in the voltage control.
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Service Name

Voltage Control

Reservation Start Time

Dec. 1 2016, 00:00

Reservation End Time

Jan. 1 2016, 00:00

Service Start Time

N/A

Service End Time

N/A

Service Duration

14400 s (4 hours)

Service Power
(Load Reduction)

50 kW

Service Power
(Load Increase)

25 kW

Reference Signal

Power

Activation Trigger

Time

Release Trigger

Time

Time of Full Activation

300 s (5 minutes)

Time of Full Release

300 s (5 minutes)

Point of Delivery

List of IDs

Table 13 - Example of a voltage control service.

The voltage control service can be used by the DSO to keep grid voltage within voltage limits.
This service can be useful for the DSO in situations where a temporary period exists (e.g. due
to maintenance) where grid voltage may exceed voltage limits. Rather than reinforcing the grid
to deal with such a temporary situation, the DSO can use the voltage control service.
Other situations where the voltage control service could be of interest to the DSO is for rare
repeating events, where it is more economically sound to use a service than investing in voltage
control equipment or grid reinforcement. An example could be a vacation house area during the
Easter holidays. The simultaneous arrival of many customers may cause congestion, which is
only experienced in the first day or two, as the vacation houses all have to heat up (both the
building and the hot water) at the same time.

6.11 Services in the EcoGrid 2.0 Demonstration
For the demonstration, we do not expect to trade TSO reserve services (primary, secondary, or
capacity-services in the regulating power market), but rather only TSO activation services. This
is because the TSO tenders reserve services up to five years at a time (DK2) or daily before the
spot market (DK1). It is difficult to forecast demand flexibility so far into the future. Instead, we
expect aggregators to bid flexibility into the regulating power market in real-time (e.g. 16
minutes before the service delivery period).
There is no BRP in the demonstration and, since the BRP is simply an intermediary in EcoGrid
2.0, the aggregator will essentially act as a BRP in the demonstration. In order to reduce
difficulty, the demonstration will not require the aggregators to purchase energy in the dayahead market. Instead, once the day-ahead market has cleared and the real spot-prices for the
next day are known (at 13:00), the aggregator will present a forecast of how they expect their
load to be for the next day, considering the known spot prices and assuming no further flexibility
activations. This load forecast can be used in EcoGrid 2.0 to perform aggregator-BRP
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verification and investigate how such bilateral contracts should be structured. An impartial
verification body (not the aggregator or DSO) will perform service verification and performance
assessment
It will not be possible to demonstrate all the defined services, because the DERs (direct
electrical heating and heat pumps) available in the project cannot deliver all the described
services. In the EcoGrid 2.0 demonstration, it is likely that only the services listed in Table 14Table 17 will be possible to demonstrate (essentially all presented services except FCR). These
tables are a summary of the examples given in the earlier sections. Here the focus is on
highlighting the differences between the services and the conditions that are fixed. The services
and conditions will be re-evaluated during demonstrations, so the services used at the end of
the project may be different than those listed in Table 14-Table 17.

Service Name

DSO Services
Load Reduction
Planned (Scheduled)

Load Reduction
Slow (Conditional)

Reservation Start
Time

Dec. 1 2016, 00:00

Dec. 1 2016, 00:00

Dec. 1 2016, 00:00

Reservation End Time

Feb. 1 2016, 00:00

Feb. 1 2016, 00:00

Feb. 1 2016, 00:00

Service Start Time

16:00

16:00

16:00

Service End Time

20:00

20:00

20:00

14400 s (4 hours)

14400 s (4 hours)

14400 s (4 hours)

Service Power

50 kW

50 kW

50 kW

Rebound Power

25 kW

25 kW

25 kW

Rebound Duration

14400 s (4 hours)

14400 s (4 hours)

14400 s (4 hours)

Activation Trigger

Time

Signal

Signal

Release Trigger

Time

Signal

Signal

Time of Full Activation

300 s (5 minutes)

1800 s (30 minutes)

900 s (15 minutes)

Time of Full Release

300 s (5 minutes)

1800 s (30 minutes)

900 s (15 minutes)

List of IDs

List of IDs

List of IDs

Service Duration

Point of Delivery

Load Reduction
Fast (Conditional)

Table 14 - Load reduction services for EcoGrid 2.0 Demonstration. The non-shaded cells denote
conditions that must be specified by the buyer. The shaded cells denote conditions that are fixed and
predefined by the service itself.
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Service Name

DSO Services
Load Limitation
(Scheduled)

Load Limitation
Planned (Scheduled)

Load Limitation
Fast (Conditional)

Reservation Start
Time

Dec. 1 2016, 00:00

Dec. 1 2016, 00:00

Dec. 1 2016, 00:00

Reservation End Time

Feb. 1 2016, 00:00

Feb. 1 2016, 00:00

Feb. 1 2016, 00:00

Service Start Time

N/A

16:00

12:00

Service End Time

N/A

20:00

00:00

Service Duration

N/A

14400 s (4 hours)

14400 s (4 hours)

250 kW

250 kW

250 kW

Rebound Power

N/A

50 kW

50 kW

Rebound Duration

N/A

7200 s (2 hours)

7200 s (2 hours)

Activation Trigger

Time

Time

Signal

Release Trigger

Time

Time

Signal

Time of Full Activation

N/A

300 s (5 minutes)

900 s (15 minutes)

Time of Full Release

N/A

300 s (5 minutes)

900 s (15 minutes)

List of IDs

List of IDs

List of IDs

Service Power

Point of Delivery

Table 15 - Power limitation services for EcoGrid 2.0 demonstration. The non-shaded cells denote
conditions that must be specified by the buyer. The shaded cells denote conditions that are fixed and
predefined by the service itself.

Service Name

DSO Services
Voltage Control

Reservation Start Time

Dec. 1 2016, 00:00

Reservation End Time

Jan. 1 2016, 00:00

Service Start Time

N/A

Service End Time

N/A

Service Duration

14400 s (4 hours)

Service Power
(Load Reduction)

50 kW

Service Power
(Load Increase)

25 kW

Reference Signal

Power

Activation Trigger

Time

Release Trigger

Time

Time of Full Activation

300 s (5 minutes)

Time of Full Release

300 s (5 minutes)

Point of Delivery

List of IDs

Table 16 - Voltage control service for EcoGrid 2.0 demonstration. The non-shaded cells denote
conditions that must be specified by the buyer. The shaded cells denote conditions that are fixed and
predefined by the service itself.
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Service Name

BRP Services
Balance

Reservation Start Time

Dec. 1 2016, 00:00

Reservation End Time

Dec. 1 2016, 01:00

Service Start Time

00:00

Service End Time

01:00

Service Duration

3600 s (1 hour)

Service Power

50 kW

Rebound Power

25 kW

Rebound Duration

7200 s (2 hours)

Activation Trigger

Time

Release Trigger

Time

Time of Full Activation

300 s (5 minutes)

Time of Full Release

300 s (5 minutes)

Point of Delivery

List of IDs

Table 17 - Balance service for EcoGrid 2.0 demonstration. The non-shaded cells denote conditions that
must be specified by the buyer. The shaded cells denote conditions that are fixed and predefined by the
service itself.
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7 Market Process
The overall processes for the two market clearing floors are shown in Figure 16 (for the
congestion management platform) and Figure 17 (for the adapted existing markets). The
congestion market process resembles that of a tender, while for the adapted existing markets
the process resembles any existing power pool process.

Prequalification

Trading

Operation

• Aggregators submit to the pre-qualification tests

• DSOs put tenders out to the congestion market
• Aggregators submit bids for specific tenders
• The price and quantity required by the DSO tender is met and an agreement is made, or it is not met and the DSO
considers a new tender or grid reinforcement as an alternative

• Activation of a service, either through notification or according to DSO-aggregator contract
• Notification of activation to BRPs
• Service delivery

• Immediate verification (as soon as all meter readings are available)
• Long-term product verification
Service
Verification

Settlement

• Aggregator is paid or fined based on the performance of service delivery, as per the DSO tender terms
• BRP charges aggregator for any imbalance costs arising from DSO activation

Figure 16 - Processes for congestion management market.
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Prequalification

Trading

Operation

Service
Verification

• Aggregators submit to the pre-qualification tests

• TSOs and BRPs place requests for services on the market
• Aggregators and generators submit bids (via BRPs) onto the market
• The market is cleared with the objective of maximising social welfare
• Activation of a service according to cleared products
• Service delivery

• Immediate verification (as soon as all meter readings are available)
• Long-term product verification

• Aggregator is paid according the product delivered
Settlement

Figure 17 - Processes for adapted existing markets.
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8 Pre-qualification
Since the provision of ancillary services is essential for the stable and secure operation of the
power system, it is important to ensure the reliability of the units providing these services. This
is usually done through a pre-qualification process performed by the TSO. The process consists
of documentation of the capabilities of the unit and a subsequent field test that validates the
documentation and tests the communication system between the TSO and the serviceproviding unit. This subject is not explored in EcoGrid 2.0, but the results from the iPower
project point in the direction that this process needs to be adapted to fit the EcoGrid 2.0
framework [14]. This adaption is required mainly due to two differences compared to the current
market setup:
1. The pre-qualification process only addresses ancillary services at transmission level.
Given that EcoGrid 2.0 also addresses distribution system services, pre-qualification
requirements must be defined for distribution services and the responsibility for
performing the pre-qualification should be assigned to a market actor.
2. Aggregators are fundamentally different from traditional generator units in that they are
composed of geographically distributed non-homogeneous unit portfolios, whose
aggregated behaviour and failure modes follow complex dynamics which are difficult to
model and predict. Therefore, both transmission and distribution service requirements
for pre-qualification need to be adapted to include aggregators as service providers.

The aggregator validation procedure described in [14] proposes the following procedure:
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Documentation

Simulation
testing

Field-test
validation

• All service providing entities document their capabilities.
• In the case of aggregators, a description of their aggregation
algorithm (with interface), as well as its portfolio composition are
delivered to the pre-qualification entity.
• A set of benchmark scenarios are chosen for the service the
aggregator seeks to provide.
• The reliability and performance of the aggregator are quantified
through Monte Carlo-like simulations.

• A field test is conducted on the aggregated portfolio.
• This test should verify the simulation results with some allowed
deviation.

Figure 18 - A potential pre-qualification process for the EcoGrid 2.0 market.

The pre-qualification process is applied to distribution system processes, which falls outside the
domain of the TSO, which may suggest the creation of an independent pre-qualification entity.
Such an entity would define the pre-qualification requirements in conjunction with the TSO,
BRPs, and DSOs and certify the aggregators for service provision.
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9 Trading of Services

9.1 Interactions Between Different Actors
Figure 19 is a message sequence diagram that shows communication between different actors
in the EcoGrid 2.0 market framework.
There are two clearing houses:




The existing markets (Elspot, Elbas, the regulating power market etc.) that are adapted
to reduce barriers to entry for DR. Adaptations include the verification of new sources of
flexibility (e.g. heat-pumps), no minimum bid-sizes, and penalties for causing a rebound
when no rebound was bid into the market (to avoid system instability [7-8]).
The new congestion management market for location-specific services, where the DSO
will acquire flexibility.

The two clearing houses – left and right – have one common actor, the aggregator. Imbalances
caused by DSO services are insignificant at TSO level (see 5.2), but the deviations may cause
portfolio imbalance cost for a BRP. Via the bilateral interactions between aggregator and BRP,
such imbalances can be accounted for. In Figure 19, this is illustrated as “notification” from
aggregator to BRP.
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Figure 19 - Message sequence diagram for communication in EcoGrid 2.0; inspired by similar iPower
diagrams. Grey blocks indicate aggregator actions in the TSO market.
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9.1.1 Trading of TSO & BRP services
For trading TSO services (including BRPs), the BRP takes all the aggregator’s bids to market.
The aggregator bids into every market that it participates in. For example, if it uses its flexibility
to respond to spot prices from the day-ahead market, then it participates in the day-ahead
market (e.g. by specifying its price elasticity to the BRP).
The aggregator provides a day-ahead load schedule for its portfolio within each BRP. The dayahead load schedule is provided at noon the day-before, so that the BRP can purchase the
correct amount of energy in the day-ahead market to meet the aggregator’s loads’ inflexible
consumption. The aggregator must stick to this schedule (allowing for acceptable uncertainty),
except when products are activated during the operational day.
For cases where no DER metering is available and only one aggregator lies behind a metering
point, the aggregator creates a load schedule for the entire consumption behind the meter. For
the EcoGrid 2 demonstration, this means forecasting the entire household load. This is further
examined in section 11.
It is expected that EcoGrid 2.0 task T4.3 (Design of toolset for AGGR aggregator) will develop
the day-ahead load schedule, which is a part of the market-bid, with utilisation in task T5.3
(Aggregator implementation and operation of IT tools) and interaction with task T3.5 (Market
place operation).
In the regulating power market, which may be a large source of income for the aggregator,
tenders and bids from BRPs, TSOs and aggregators (via BRPs) are simultaneously entered into
a double-sided blind auction. Services to be cleared include manual reserves bought by the
TSO (day-ahead), which compel reserves to bid into the regulating power market (to ensure
enough capacity for the TSO to maintain n-1 security considerations) and real-time activation of
energy.
For TSO and BRP services, the BRP or TSO sends an activation request to the market, which is
then sent onwards to the aggregator.

9.1.2 Trading of DSO services
For trading DSO services, the DSO submits a tender to the market, specifying location (Point of
Delivery) by means of a set of customer IDs for which the offer holds; the tender is then
announced to all aggregators who control flexibility at customers matching the DSO’s specified
set. The tender includes the service to be delivered, as well as a maximum price that the DSO is
willing to pay for the service. The relevant aggregators then submit their bids to the market,
which can be made as a block bid, or a divisible block bid. Aggregators who allow their bids to
be divisible are more likely to be activated than those who do not, due to the balance constraint
of the market clearing. However, some aggregators whose flexibility comes from large, single
distributed energy resources (DERs) may not be able to scale the block of energy that they
control. Both the DSO and the aggregator will structure their tenders and bids with a minimum
granularity, for example 2kW (subject to change) to increase the likelihood of a successful
market clearing. This means that divisible bids will be a multiple of the minimum granularity of
the market.
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Aggregator bids are accepted based on what is cheapest for the DSO to acquire the specified
amount of flexibility. In a highly liquid market, this means that the cheapest aggregators will be
activated.
For activation of scheduled services, the aggregator informs the market of activation, which
subsequently informs the DSO, as can be seen in the Operation box (top left corner) in Figure
19. This is to ensure that an impartial party (the market operator) has a log of all activations, in
case of a complaint. The BRP may or may not be notified of this activation, according to the
bilateral agreement between aggregator and BRP.
For conditional DSO services, the DSO informs the market that activation must now occur, and
this activation request is passed onto the aggregator. The aggregator confirms that it received
the request and delivers the service. The DSO receives confirmation from the market that
communication to the aggregator was successful.

9.1.3 Tender Announcements
Parts of the DSO tender:


Service to be acquired



Point of Delivery (POD)



Maximum price for service (not broadcast to aggregators)



Tender tolerance (e.g. if energy to be purchased, say 30kW, is market clearing below
and beyond 30kW acceptable, say 30-35kW)



Duration of delivery



Duration of contract



Penalties/consequences for non-delivery



Verification requirements (including performance required)



Availability payment (reservation services)



Activation payment



Time of delivery
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Parts of the TSO/BRP tender:


Services to be acquired



Duration of delivery



Duration of contract



Verification requirements (including performance required)



Penalties/consequences for non-delivery



Availability payment (reservation services)



Maximum price for service (not broadcasted to aggregators)



Time of delivery

9.1.4 Aggregator Bids
Parts of the aggregator bid:


Service provided



Price offered for service



Bid volume (as a multiple of granularity)



Divisible bid or not

9.2 DSO Market Clearing
The DSO market aims to minimise the DSO cost of meeting the required flexibility given that the
DSO requirement is equal to the sum of the accepted aggregator bids.
Figure 20 demonstrates a potential outcome of the DSO market clearing. Here, three
aggregators bid into the market, bidding a multiple of the market granularity (e.g. 2kW).
Aggregator 3 has a divisible bid, while aggregator 2 does not. In this case, the market clears
with the divisible bid so that the DSO acquires the exact amount of energy (or similar) that it
requires for the given service, giving the lowest cost. This is despite the fact that aggregator 3’s
bid has a higher price, leading to a higher MCP, since cost for the DSO can be lower (cost =
price x quantity). It is important to guarantee that same rules apply for all aggregators i.e. all
bids are a multiple of the market granularity.
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Figure 20 - DSO service purchase, where aggregator 3 has a divisible bid, ensuring it wins instead of
aggregator 2.

Figure 21 shows another potential outcome of the DSO market clearing. In this case, the DSO
tender includes a tender tolerance that means it is happy to buy a little more energy than would
normally be required, if it leads to a successful market clearing and/or a lower cost.
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Figure 21 - DSO service purchase, a tender tolerance is included in the DSO tender.

All accepted bids receive the MCP, which is the marginal cost of energy purchased. Such payas-clear pricing for energy (also called uniform pricing) has been shown to give the lowest cost
of supply in competitive markets, because actors maximise their profit by bidding in their
marginal costs. If one actor bids in above its marginal cost of production, it risks not being
accepted due to another more competitive bid being activated. In this way, it reduces its
expected profit.

9.3 TSO Market Clearing
The TSO market aims to maximise the social welfare while guaranteeing that the supply will
meet the total demand. The proposed market structure is similar to the existing market, albeit
with new services (such as the rebound-bid). The optimisation framework aims to dispatch
these block offers for demand response alongside conventional generating units within an
economic dispatch framework for the provision of regulating power. Given the focus on the
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flexibility services, it is important to define a profile that their bids are expected to follow if they
are activated depending on the market outcome:
1. The profile consists of response and rebound (also known as kickback, payback, load
shifting offer) associated to each action by the aggregator.
2. Each aggregator can offer a number of demand response blocks with differing sizes,
with the caveat that only one response block will be activated by the market. This is
preferable for the aggregator, since it increases the likelihood of a successful activation.

9.4 Market Operation Timeline
A preliminary timeline for market operation has been developed and can be seen in Figure 22.
Here, the DSO market clearing happens days to months in advance of service delivery. The
DSO gives notification of activation (if required by the service) in advance of delivery, before or
after the TSO market clears, depending on the service.
The TSO gate closure (after which no bids are accepted) happens 16 minutes before service
delivery. One minute later, the announcement of accepted bids is made in conjunction with the
TSO market clearing. Today, the TSO requires 15 minutes to clear the market and perform
manual safety checks. The TSO gate closure and market clearing process is repeated every 15
minutes. That does not mean, however, that a service which is longer than 15 minutes can be
cancelled in a subsequent recommitment. Once a service is activated, it will be delivered in full
in accordance with the service specification.

Figure 22 - An example of a timeline for trading and activation for DSO market and regulating power
market, the two key markets for flexibility constrained by 15 minute metering. DSO activation may occur
at any moment up to the time of delivery, depending on the service sold.
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10 Operation
During operation, the contracted services are delivered. Delivery of services depends on the
type of service. While there are some differences depending on the service, there are also
aspects that are the same for all of them (except FCR service for TSO).
Firstly, all services have to be activated and released. This means that a trigger signal must
exist for both activation and release. Each of these is a discrete event where the aggregator
must calculate the control signals for its DERs and send them to the individual units. This
means that there is an inherent delay in the process. Once the DER units receive the control
signals, they need time to react.
The following sections will describe the process for activation and release.

10.1 Activation of a Service
The process for activation of a service is shown in Figure 23. The blue line is the ideal response
and the red lines denote the limits that the response must lie within.
Power

Time
Trigger
signal
(tact)

Latest
start
(tstart)

Full
activation
(tfa)

Figure 23 - Activation without ramp requirement.

The process starts with the aggregator receiving a trigger signal from the TSO, DSO or BRP
(see trigger signal in Figure 23). The aggregator must deliver the service as quickly as possible
after reception of the trigger signal. Delivery of the service must start at the latest at the time
𝑡𝑠𝑡𝑎𝑟𝑡 and full delivery of the service must occur at the latest at time 𝑡𝑓𝑎 .
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The time between reception of the trigger signal (𝑡𝑎𝑐𝑡 ) and latest start of the delivery (𝑡𝑠𝑡𝑎𝑟𝑡 ) is to
allow the aggregator to calculate and distribute the control signals for the individual DERs.
The time between reception of the trigger signal (𝑡𝑎𝑐𝑡 ) and full delivery of the service (𝑡𝑓𝑎 ) is to
allow the DER units time to react to the control signals from the aggregator. While some units
(e.g. EVs and direct electrical heating) can react almost instantly, other units require more time
to react due to technical constraints (e.g. heat pumps).
Some services also require a specific ramp rate, namely FRR for the TSO. The difference
between the requirements for this service (see Figure 24) and the DSO and BRP services (see
Figure 23) is mainly that of the ideal response (blue line) that an aggregator should attempt to
mirror as closely as possible.
Power

Time
Trigger
signal
(tact)

Latest
start
(tstart)

Full
activation
(tfa)

Figure 24 - Activation with ramp requirement.

10.2 Release of a Service
The process for release of a service is shown in Figure 25. The blue line is the ideal response
and the red lines denote the limits that the response must lie within. The process is essentially
the reverse of the activation process.
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Figure 25 - Release without ramp requirement.

The process starts with the aggregator receiving a trigger signal from the TSO, DSO or BRP
(see trigger signal in Figure 25). The aggregator must release the service as quickly as possible
after reception of the trigger signal. Release of the service must start at the latest at the time
𝑡𝑠𝑡𝑜𝑝 and full release of the service must occur at the latest at time 𝑡𝑓𝑟 .
The time between reception of the trigger signal (𝑡𝑟𝑒𝑙 ) and latest start of the release (𝑡𝑠𝑡𝑜𝑝 ) is to
allow the aggregator to calculate and distribute the control signals for the individual DERs.
The time between reception of the trigger signal (𝑡𝑟𝑒𝑙 ) and full release of the service (𝑡𝑓𝑟 ) is to
allow the DER units time to react to the control signals from the aggregator. While some units
(e.g. EVs and direct electrical heating) can react almost instantly, other units require more time
to react due to technical constraints (e.g. heat pumps).
Some services also require a specific ramp rate, namely FRR for the TSO. The difference
between the requirements for this service (see Figure 26) and the DSO and BRP services (see
Figure 25) is mainly that of the ideal response (blue line) that an aggregator should attempt to
mirror as closely as possible.
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Figure 26 - Release with ramp requirement.

10.3 Trigger Signal
For scheduled services, activation and release are predetermined by the contract and must
occur at the agreed upon time. In the case of scheduled services, the trigger signal for both
activation and release is therefore known ahead of time, as it is simply a specific time of day.
This means that the aggregator can plan the control of its contracted DERs ahead of time. This
gives the aggregator the best possible conditions for controlling the DERs optimally and makes
it possible to include all forms of DERs, almost regardless of how long it takes for a DER unit to
react to the control signal sent by the aggregator. As the trigger signal for scheduled services is
just a timestamp and known ahead of time, there is no need for explicitly transmitting the signal
from TSO, DSO or BRP to the aggregator.
Activation of conditional services is different from activation of scheduled services. As these
services are conditional, it is impossible to know if and when they’ll be activated. Therefore the
TSO, DSO or BRP must explicitly send an activation trigger signal to the aggregator. This
activation trigger signal is a simple message that contains an activation command and specifies
the service to be activated.
Release of conditional services is based on time i.e. the service is released after the contracted
duration. This means that release is similar to that of scheduled services. However, release can
also occur earlier if an explicit release signal is sent from the DSO, TSO, or BRP to the
aggregator. An explicit release trigger signal is a simple message that contains a release
command and specifies the service to be released.

10.3.1 Transmission of Trigger Signal
The transmission of trigger signals can be implemented in different ways – either as a direct
signal from the buyer of a service (TSO, DSO, or BRP) to the aggregator or as a signal via a
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central platform, through which all buyers and aggregators communicate. In EcoGrid 2.0 the
latter approach will be used.
As a communication path already exists to the market, and the market already has the
necessary knowledge of traded services, it can be used as a central platform for sending the
activation and release trigger signals from buyer to aggregator. This makes it easier for the
involved actors, as they only need to establish communication to the central platform and can
rely on it to distribute the trigger signal to multiple aggregators if necessary.
If the market is used as the central platform as suggested, activation and release of services
should only be visible to the buyer and seller, and not the entire market. There are, however,
examples in existing markets, namely Nord Pool, where activation of services is shown to the
entire market some days after operation. The intention behind such a setup could be to increase
competition by revealing the most attractive services.

10.4 Operation in the EcoGrid 2.0 Demonstration
In the EcoGrid 2.0 demonstration, different aspects of operation will be tested. The market will
be used as a central platform for transmission of trigger signals. The tools developed within the
project will ensure that the trigger signals are communicated correctly through the market.
Initially, the services will be operated without ramp rate requirements, giving the aggregators
more freedom in their control of the DERs. It will, however, be tested if it is possible for the
aggregators to deliver a specified ramp rate during activation and release of a service, and
whether it is possible to verify delivery of the ramp with the available measurements.
The latest time for full delivery (𝑡𝑓𝑎 ) and release (𝑡𝑓𝑟 ) will be 15 minutes, as this is the longest
time possible that allows for 15 minute time intervals in the market. It also aligns with the 15
minute activation constraints of the existing balance and mFRR markets. The latest time to start
(𝑡𝑠𝑡𝑎𝑟𝑡 ) and stop (𝑡𝑠𝑡𝑜𝑝 ) of delivery will be investigated during the demonstration and will initially
be set at 1 minute.

74 │ Operation │ EcoGrid 2.0

11 Service Verification
Delivery of ancillary services from generators is measured using expensive measurement
equipment that enables a TSO to monitor ancillary service activation/provision at generator
granularity with high precision with a high temporal resolution and in real-time. Verification of
service delivery here is established by comparing the scheduled (expected) activation with
measurements. This straightforward verification process is not directly transferrable to
aggregators and demand side participation for two reasons. The first is that such precise
measurements are usually not available. The second reason is that an aggregator’s units would
have exhibited consumption even if not controlled by the aggregator. And since consumption
exhibits stochasticity, a baseline for this uncontrolled consumption would be required to
compare a service delivery too. It’s important to note that, even in the event of all DERs having
meters installed, a baseline of the DER’s non-flexible consumption would still be required.
Baseline Definition
The baseline is an estimate of the consumption of a set/group of loads assuming they are
neither under external control, nor exhibiting effects of past or future external control.
External control is the type of control an aggregator would perform in order to activate
flexibility.
Load Schedule Definition
The load schedule is the forecasted day-ahead consumption of an aggregator’s portfolio. In
cases where there exists a portfolio of single metering points with only one aggregator
behind each (as with EcoGrid 2.0 houses), the aggregator will be responsible (instead of the
BRP) for forecasting the entire consumption of the metering points. In the case that the
aggregator does not respond to day-ahead signals, the load schedule and baseline
definitions are the same. In the EcoGrid 2.0 demonstration, it is expected that flexibility will
not be used in the day-ahead market and therefore, we will refer to the baseline and load
schedule as the same, with interchangeable use from here on.
Service verification is a significant challenge for the market, especially in light of precondition 2
(multiple aggregators in same household), which requires more advanced statistical techniques
to disaggregate the load. In EcoGrid 2.0, there will only be a single meter for a household and a
12 hour delay for meter reading for aggregators. That means that consumption of DER units will
not be metered separately. This is the current metering infrastructure and it is unlikely to change
in the near future. Service verification is done based on 15 minute average values from the
electricity meters.
These decisions are based on what is possible within the EcoGrid 2.0 project and the expected
conditions in the short term. It gives some limitations in the services that can be traded in the
market. Perhaps more critical, it gives some challenges in verifying service delivery in cases
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where multiple aggregators operate in the same household. This will not be an issue within the
EcoGrid 2.0 project itself, as there will only be one aggregator per household. However, it may
prove to be a challenge if the EcoGrid 2.0 market is commercialized.
There are many options for verification of flexibility services from (often small) distributed energy
resources (DERs). The most precise and expensive option is individual metering for each DER,
resulting in the least uncertain baseline. The least precise and cheapest option is energy
disaggregation, with many DERs and non-flexible consumption behind a single meter, resulting
in the most uncertain baseline. Statistical sampling techniques and virtual metering where a
small fraction of the population is fitted with measurement devices are also options. In the
following, we will describe the option chosen for EcoGrid 2.0 verification, considering the known
restrictions of a start-up market for flexibility in Denmark.
The IEEE defines verification as “confirmation, through the provision of objective evidence, that
specified requirements have been fulfilled.” As such, the verification of services within an
EcoGrid 2.0 context is heavily dependent on the specific requirements of the demonstrated
services.
For all EcoGrid 2.0 service types, scheduled and conditional, TSO and DSO, it is assumed that
the services will be defined in terms of an acceptable service delivery.The market specific
constraints are the following:


Services can only be verified through 15 minute energy readings of the smart meter.



DataHub measurements are only guaranteed to be available 5 days after measurement.

11.1 Verification Step 1: Establishing Acceptable Service
Previous DR experiments use a baseline methodology to determine the magnitude of activation
by subtracting the observed load from the baseline load [15]. The verification responsible body
will build on this methodology by defining a confidence interval and other relevant statistical
measures to characterize the acceptable level of uncertainty that is observed compared with the
load schedule. An example of this is shown in Figure 27. In today’s market, the TSO performs
verification, but it is plausible that a third party would be responsible for this in the future.
It is expected that EcoGrid 2.0 tasks T4.1 (Design of toolset for DSO) and T4.2 (Design of
toolset for TSO) will develop the verification toolset, while tasks T8.5 (Evaluation of demand
response) and T8.6 (Evaluation of market) will use these tools throughout each heating season.
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Figure 27 - Example of a statistical measure the verification body will calculate for acceptable service

11.1.1 Immediate Verification
Immediate verification of the aggregator following the load schedule it submitted to the BRP can
be seen in Figure 28, where the 95% (subject to change) confidence interval around the
prediction is considered the acceptable delivery bound. The confidence interval is defined using
statistical models that use historical data to determine the uncertainty of a non-controlled load.
In Figure 28, the observed consumption of aggregators 1 and 2 (from Figure 28) is compared
with the scheduled consumption. During activation of all services, the observed consumption
appears to stay within the confidence interval. In this example, however, aggregator 2’s
consumption lies outside of the confidence interval for more than the allowed time (5% of the
time when considering a 95% confidence interval – the problematic interval lies between
midnight and 7am). This has the potential to cause an imbalance for the BRP, which can then
charge the aggregator for the imbalance caused (depending on the terms of the aggregatorBRP bilateral contract). Beyond the confidence interval analysis, other verification will be
performed using different statistical techniques, for example ensuring the normal distribution of
residuals (delivered minus scheduled load).
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Figure 28 - Aggregator-BRP verification.

11.1.2 Service Verification
Figure 29 shows the verification of one type of flexibility service, based on repeated activations
of the same service. The mean of all observations for a service (this mean can be normalised
and/or binned for different service sizes) can be compared to the scheduled load and an
acceptable prediction interval (according to verification requirements and calculated by the
verification responsible body) in which one would expect the mean to be found. In this example,
the mean lies above the prediction interval in the hour before service activation, which may
require further investigation and a possible penalty, since this can cause unforeseen problems
for the TSO (or DSO in case of a DSO service).
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Figure 29 - Service verification, where the service is activated at time zero.

11.2 Verification Step 2: Performance Assessment
Having established an ideal and acceptable service delivery, the measured service delivery can
be evaluated on a pass/non-pass basis. Current practice evaluates a service as non-passed if
at any time the measured service delivery exceeds the acceptable delivery bounds. Given the
increasing variability of the units that are able to provide ancillary services, it makes sense to
make a transition to a verification process that takes this variability into account. This can be
done by using service performance assessment, where the quality of serviced delivery is
quantified, as part of the verification of service delivery. Such a method has been proposed in
[16], which defines a performance index based on the root-mean-square error (RMSE) of the
service delivery (over the whole service delivery period) compared with the acceptable delivery
bounds (giving a performance measure in the range [0-1]). The same paper proposes a
verification index to express if a service contract has been fulfilled. Although other measures
(e.g. integral square error) can be defined, EcoGrid 2.0 will make use of the two indices for
service performance assessment and verification proposed in [16].
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12 Settlement
Once a service has been verified it must be remunerated. In the United States, the Federal
Energy Regulatory Commission (FERC) order 755 seeks to incentivize the fair remuneration of
regulation services based upon service performance. Similar ideas have been proposed by
EcoGrid 2.0 partners [17] and the project may also adopt a similar approach. This concept
applies to all the services EcoGrid 2.0 will demonstrate, except for the availability payment for
participating in the reserve market (without activation). For the services sold on adaptation of
current markets, settlement can take the form of:
𝑅𝑒𝑚𝑢𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛 = 𝑃𝑟𝑖𝑐𝑒𝑐𝑙𝑒𝑎𝑟𝑖𝑛𝑔 ⋅ 𝑃𝑟𝑜𝑑𝑢𝑐𝑡 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦 ⋅ 𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒
A conservative starting point for the demonstration would be to put performance equal to 1. This
would mean that payment would only be made if the service was delivered in full. Such a
scenario is possible in the regulating power market, where delivery must be precise to ensure
security of supply. Such a scenario is also possible since supply and demand must be subject
to the same verification. Today, supply must deliver services with a precision of 0.1MW (on a
minimum bid size of 10MW), which in the worst case translates to no more than a 1% deviation
from perfect delivery at all times.

80 │ Settlement │ EcoGrid 2.0

13 References
Chapter 2
[1] Barroso, L. A., Cavalcanti, T. H., Giesbertz, P., & Purchala, K. (2005). Classification of
electricity market models worldwide. 2005 CIGRE/IEEE PES International Symposium, (i), 9–
16. http://doi.org/10.1109/CIGRE.2005.1532720
[2] Thong, V. Van, Latour, C., Norton, M., Larsen, E., Vandenbroucke, H., Dyke, C., & Banares,
S. (2014). Demand Side Response - ENTSO-E policy paper. ENTSO-E.
[3] Hogan, W. W. (2010). Demand Response Pricing in Organized Wholesale Markets. Harvard
University.
[4] Energy, F. E. R. C. and D. of (Ed.). (2011). Implementation Proposal for the National Action
Plan on Demand Response. Federal Energy Regulatory Commission.
[5] Markedsmodel 2.0 Teknisk baggrundsrapport, Copenhagen Economics, Quartz+Co,
Energinet.dk,
http://energinet.dk/SiteCollectionDocuments/Danske%20dokumenter/El/Teknisk%20baggrundsr
apport%20-%20markedsmodel%202.0.pdf

Chapter 4
[6] “Smart Energy – Hovedrapport”, Danish Energy Association and Energinet.dk, October
2015.
[7] Roozbehani, M., Dahleh, M. A., & Mitter, S. K. (2012). Volatility of power grids under realtime pricing. IEEE Transactions on Power Systems, 27(4), 1926–1940.
[8] Masiello, R., Harrison, J., & Mukerji, R. (2013). Market dynamics of integrating demand
response
into
wholesale
energy
markets.
Electricity
Journal,
26(6),
8–19.
http://doi.org/10.1016/j.tej.2013.06.006
[9] P. Madsen et al., “SCK Requirements Specification and Solution Description”, Smart City
Kalundborg, Marts 2014, Unpublished.
[10] N. C. Nordentoft et al., ”Development of a DSO-Market On Flexibility Services”, iPower,
April 2014.
[11] “Deliverable 6.1 Optimal scheduling tools for day-ahead operation and intraday adjustment
Part II: Commercial Aggregator Concept”, IDEAL GRID FOR ALL, November 2015.
[12] “USEF: The Framework Explained”, USEF, November 2015.

EcoGrid 2.0 │ References │ 81

Chapter 6
[13] “Batteries as supplier of frequency-controlled reserves”, Tender conditions in memo
9855/09 v6 and 8871/11 v1, Energinet.dk, November 2011.

Chapter 8
[14] Daniel Esteban Morales Bondy, Oliver Gehrke, Anders Thavlov, Kai Heussen, Anna M.
Kosek, and Henrik W. Bindner. “Procedure for Validation of Aggregators Providing Demand
Response”. In: Proceedings of the Nineteenth Power Systems Computation Conference
(PSCC). 2016.

Chapter 11
[15] Mathieu, J., Price, P., Kiliccote, S. Piette, M. “Quantifying changes in building electricity
use, with application to demand response”, IEEE Transactions on Smart Grid, 2011 Volume 2
Issue 3 pp 507-518.
[16] D.E.M. Bondy, A. Thavlov, J.B.M. Tougaard, Kai Heussen. “Performance Requirements
Modeling and Assessment for Ancillary Services in view of Demand Response”. Submitted to
IEEE Transactions on Smart Grid, under review.
[17] D.E.M. Bondy, J.MacDonald, E. Kara, O. Gehrke, K. Heussen, S. Kiliccote and H.W.
Bindner. “Redefining Requirements of Ancillary Services for Technology Agnostic Sources”.
Draft .

82 │ References │ EcoGrid 2.0

14 Appendix 1 – The Technical Feasibility / Plan
Validation Issue
The issue of technical feasibility primarily revolves around the situation where all consumption
occurs at the same time due to the control actions of the aggregator. Ordinarily, consumption is
diversified and therefore it is extremely unlikely that all of it is simultaneous. When an
aggregator controls DERs to deliver a service, this diversity in consumption is lost and the
consumption of the DERs becomes simultaneous. This can result in much higher consumption
than normal.
As DERs are usually connected in the low voltage (LV) grid, services delivered to the TSO and
BRPs can cause congestion in the distribution grid (both medium voltage and low voltage). This
congestion would not normally occur and is a direct result of the control actions of the
aggregator.
However, such conditions with loss of diversity may also occur naturally. One such example is
holiday houses, where specific holidays like Easter cause a high simultaneous load. Holiday
houses often have electrical heating, and have been unused all winter. During the Easter
holiday many people go to their holiday houses, which causes a higher than usual heating
consumption. This is a known condition for distribution grids supplying such areas, so the grid is
dimensioned so that it is able to handle such events. The majority of the distribution grid,
however, does not naturally experience such conditions and as a consequence is not
dimensioned to handle them.
If the control actions of the aggregators cause the consumption of DERs to become
simultaneous and cause congestion, then the control actions are technically infeasible. If the
control actions are carried through, the distribution grid will be congested and if the congestion
is severe or long enough, protection systems may be tripped, causing a power outage in the
local area.
If such control actions are allowed to occur, then the grid must be reinforced to be able to deal
with the simultaneous consumption of all DERs. This could cause a need for significantly more
reinforcement than what would otherwise be necessary. As such, the full potential of a smart
grid and flexibility is not realized.
It is therefore often argued that the DSOs must have a means of curtailing such control actions
so congestions do not occur from services delivered to the TSO and BRPs. Since services to
the TSO and BRPs are not locational, if curtailment occurs in one area, the service could still be
delivered by mobilizing DER units in a different area. There are two ways in which such
curtailment can occur. One option is that the DSO is able to buy a counter-service in areas
where congestion occurs due to the control actions of aggregators. The other option is that the
control actions of aggregators must be approved by the DSOs and curtailed if necessary (with
or without monetary compensation).
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The option of counter-services essentially means that the prices of services on the electricity
market determine whether the DSO buys counter-services or reinforces the grid. It is regarded
as the most market-friendly approach, as it does not impose any technical limitations on the
market. However, some argue that the TSO and BRPs are in a stronger market position for
buying services and that it would be difficult for the DSOs to match the prices to use counterservices. It is argued that this would lead to DSOs always choosing the option of reinforcement.
This situation would mean that some of the socio-economic potential of flexibility from DERs is
lost, as we’re not using the flexibility optimally.
The option with the DSOs directly approving or curtailing all the control actions of the
aggregators, on the other hand, is believed to be able to get much closer to using the flexibility
of DERs optimally. Since DSOs can directly curtail any control actions performed by
aggregators, infeasible control actions are curtailed and the services to the TSO and BRPs are
delivered from other areas, where they do not cause congestion. In this way, the need for
reinforcement of the distribution grid is minimized and the socio-economic potential of flexibility
realized.
However, this option is not without issues. First of all, it imposes physical limits on the market,
which means that the market is no longer entirely free. Not only is it not entirely free, but since
the DSOs are the only ones who know the limitations of the distribution grid, the market is
essentially dependent of the approval of the DSOs. If DSOs do not approve of flexibility in their
distribution grids, they could curtail or reject all control actions by aggregators, essentially
preventing all trading on the flexibility market.
Secondly, regulation is designed to foster competition between DSOs in order to ensure that
DSOs maintain their responsibilities in the most economic manner. If DSOs are allowed to
curtail or reject control actions by aggregators, DSOs could negatively impact each other’s
costs. If one DSO curtails or rejects a control action by an aggregator, the aggregator would
look to activate flexibility in a different area. This would essentially mean that when a DSO
curtails or rejects a control action by an aggregator, it does so at the expense of all other DSOs.
In an environment where regulation fosters competition, such actions could become intentional
in order to better one’s own situation. However, as opposed to true competition which serves to
improve the grid in the most economic manner, this situation would only serve to manipulate the
competitive standing of DSOs without improving the grid.
To give the flexibility market a fair chance of evolving and growing in the beginning stages, the
technical limitations imposed on it should be limited. However, that does not mean that the
approach to dealing with technical feasibility should remain the same in the future where the
market has evolved and grown to a significant size. Once the market reaches a certain size, the
way of ensuring technical feasibility must be re-evaluated.
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15 Appendix 2 – Flexibility Markets of Previous
R&D Projects

15.1 Smart City Kalundborg (SCK)
The market setup in Smart City Kalundborg is based on the idea of a flexibility market that runs
parallel to the existing markets. The existing market setup is simply augmented with an
additional market that deals with flexibility. This flexibility is offered to either DSOs, TSOs or
BRPs. Figure 30 shows an overview of the market setup.
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Figure 30 - Illustration of SCK flexibility market. The red, dotted lines show that an actor can have two
functions; for instance, an electricity trader could also serve as an aggregator.

Figure 30 clearly shows that the flexibility market runs parallel to the existing markets. The red,
dotted lines indicate that some roles/responsibilities may be combined or merged. An example
could be that an electricity trader could also be an aggregator. In the setup there is a distinction
between service providers and aggregators. Service providers are similar to aggregators, in that
they control DERs, but as opposed to the aggregators, service providers do not act on the
market directly.
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The market setup assumes that 15 minute average values of power are used for trading and
verification. DSO services are contracted for longer periods of time (half a year to several
years). TSO and BRP services are similar to the existing markets.
As services for the DSO are local in nature, it is necessary for the DSO and aggregators to
communicate locational information. Locational information is shared between actors in the form
of customer IDs, where services are requested from groups of customers. Aggregators are free
to decide how they want to deal with the individual customers in a group, as long as the group
as a whole delivers the contracted service.
In the market setup it is assumed that a customer with several DER units can have several
aggregators (one aggregator for each DER unit) and that aggregators can deliver services
together – i.e. offers from several aggregators are combined to fulfil the need of one request.
While the setup provides a lot of freedom for trading between the actors, it doesn’t go into any
greater level of detail on how trading is done. It simply outlines that requests for flexibility are
published on the market and aggregators are free to place their bids for servicing those
requests.
The project does however make it clear that several challenges with its market setup need to be
considered, but gives no proposals for a solution. The challenges include:
1. Access to measurement data
TSO and BRP can only get hourly consumption value, as they only have access to
electricity metering through the DataHub.
2. Verification of service delivery
How can the delivery of a service be verified from the available measurements and who
should be responsible for the verification?
3. Service delivery with multiple aggregators to same customer
If multiple aggregators have contracts with the same customer, then how can one
ensure and verify delivery of a service from either of them?

15.1.1 Roles and Responsibilities
The project gives clear definitions of what the role of each actor is in the market. A short
summary is given below.
DSO
The DSO is a buyer of flexibility-based services and will look to the market for long-term
contracts for services to use as a virtual reserve capacity during N-1 conditions. Their
responsibility is to operate the distribution network as cost-efficiently and reliably as possible.
TSO
The TSO is a buyer of flexibility-based services and will look to the market for short-term
contracts for services equivalent to the existing ancillary services. Their responsibility is to
operate the transmission network as cost-efficiently and reliably as possible.
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BRP
The BRP is a buyer of flexibility-based services and will look to the market for short-term
contracts for services similar to those of the existing markets. Their responsibility is to maintain
power/energy balance for their customers.
Aggregator
The aggregator offers flexibility-based services in the market based on the flexibility of their
customers. Their responsibility towards the market is to aggregate the flexibility from their
customers and to present it on the market as a service that satisfies the requests/needs of the
buyers.
Service Provider
The service providers are responsible for controlling the flexible consumption/production of their
customers. They have no responsibility towards the market, but can offer their flexibility to
aggregators who wish to trade it as a service on the market.
Customers
The customers are the providers of flexibility. They have no responsibility towards the market,
but are of course obligated to fulfil their contractual agreement with service providers and
aggregators.

15.1.2 Services
The traded commodity is active power increase or decrease in a given time period. However, no
service descriptions are given, making it unclear what the services are and how they can be
defined based on active power.
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15.2 Ideal Grid for All (IDE4L)
In IDE4L the market setup and the traded services are very general in their nature. This is
mainly because the market setup of IDE4L is based on a European viewpoint. Figure 31 shows
an overview of the market setup.

Figure 31 - Illustration of IDE4L flexibility market.

Since this setup is rather generic, it is assumed that flexibility-based services for TSO and BRP
will be traded on the existing markets, while flexibility-based services for the DSO will require a
local market with the same structure. Flexibility-based services for DSOs are expected to be
traded on a bilateral basis between DSOs and aggregators, until the liquidity is sufficiently large
to create a local flexibility market, which would then operate as a form of “sub-market” for the
existing markets.
It is important to note that in the setup it is assumed that the commercial aggregator (CA) also
takes upon itself the role of retailer and BRP. The reason for this is simplicity – the customer
only has to deal with one actor, namely the CA, and that actor is fully responsible for the
consumption/production of the customer towards all markets.
One of the focus areas in IDE4L has been how to deal with flexibility-based services for one
actor (e.g. TSO) affecting other actors (e.g. DSO) and how to integrate the flexibility market with
dynamic tariffs. As a consequence of this, it was specified that dynamic tariffs do not affect the
market structure, but merely change the pricing and forecasting of energy consumption.
In order to prevent the flexibility-based services of one actor (e.g. TSO) from adversely affecting
other actors (e.g. DSO), feasibility validation of flexibility-based services was implemented. For
scheduled services, after the initial market clearing, the energy plans are passed to DSOs and
TSOs for technical validation. If flexibility-based services cause congestions, they are curtailed
by DSO/TSO and the market informed of the curtailment. The market then performs a
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validation, after which all market actors are informed of the final market clearing results
(including curtailment).
For conditional services, a similar technical validation process is performed, where both DSO
and TSO have to accept or curtail the flexibility-based service before it is activated.
This technical validation process does entail that bids may be curtailed or flat out rejected
because they would cause congestion in the network. However, it is assumed that with time and
experience the market actors will find a balance where this does not cause problems.
Locational information is important, especially for DSO services, and therefore all services are
defined based on location. Customers are grouped in load areas (LAs), which are defined by
the DSO. LAs are grouped into macro load areas (MLAs), which are defined by the TSO. Each
customer is uniquely identified by an ID which contains the MLA, the LA and the customer ID.

15.2.1 Roles and Responsibilities
DSO
The DSO is a buyer of flexibility-based services. Other than their usual responsibility to operate
the distribution network as cost-efficiently and reliably as possible, the DSO also has the
responsibility of doing technical validation of all bids in its distribution network for all services.
TSO
The TSO is a buyer of flexibility-based services. Other than their usual responsibility to operate
the transmission network as cost-efficiently and reliably as possible, the TSO also has the
responsibility of doing technical validation of all bids in its transmission network for all services.
BRP
The BRP is a buyer of flexibility-based services. Their responsibility is to maintain power/energy
balance for their customers.
Aggregator
The commercial aggregator offers flexibility-based services in the market based on the flexibility
of their customers. Their responsibility towards the market is to aggregate the flexibility from
their customers and to present it on the market as a service that satisfies the requests/needs of
the buyers. The aggregator also functions as both retailer and BRP for its customers.
Customer
The customers are the providers of flexibility. They have no responsibility towards the market,
but are of course obligated to fulfil their contractual agreement with service providers and
aggregators.

15.2.2 Services
Two services are defined within IDE4L - the scheduled re-profiling (SRP) and the conditional reprofiling (CRP). Both services are based on active power being delivered at a specific time. The
difference lies in whether the active power must be delivered or is a reserve that can be called
upon if needed. SRPs are a service where the active power must be activated at the time
agreed upon. CRPs are a service where a capacity is reserved in a certain time period, but is
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only delivered if an activation signal is sent by the buyer. Figure 32 shows the general
specification of the two services.

Figure 32 - Illustration of IDE4L flexibility-based service.
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15.3 iPower
The market setup in iPower is based on the idea of a flexibility market that runs parallel to the
existing markets. The existing market setup is augmented with an additional market that deals
with flexibility. This flexibility is offered to either DSOs or TSOs. Figure 33 shows an overview of
the market setup. Later BRPs were added to the setup as well.

Figure 33 - Illustration of iPower flexibility market. A central market platform, the flexibility clearing
house (FLECH), is used for all trading of flexibility.

A critical part of the iPower flexibility market is the flexibility clearing house (FLECH). FLECH is
a central platform for trading of services based on flexibility from DERs. FLECH handles
everything from the initial service request to the final settlement, i.e. trading (requests, bidding,
etc.), contracting, verification and settlement. Figure 34 shows an overview of the process for
utilizing flexibility and which parts of the process FLECH is involved in.
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Figure 34 - iPower process for utilizing flexibility with highlighting of the parts that FLECH is involed in.

As services for the DSO are local in nature, it is necessary for the DSO and aggregators to
communicate locational information. It is not detailed how locational information is
communicated, but the FLECH implementation uses a list of Points of Delivery, which strongly
suggests the use of customer IDs.
The market description also brings up several issues which are, unfortunately, left unsolved:
1. TSO services causing congestion in distribution grids
It is suggested that DSOs can mark areas that can’t provide flexibility i.e. reject bids, but
no final solution is presented for use with the market setup.
2. Prioritization of services
It is suggested to prioritize services in the following order: emergency actions, local
(DSO) services, global (TSO) services. However, it is not detailed how to do this in
practice in the market setup.
3. Imbalance cost
Several options are presented, before finally suggesting that the aggregator should pay
for the imbalances that it causes for the BRP.
4. Aggregators misbehaving on the market
No suggestions or solutions are given to this issue.
The iPower market setup does not consider rebound, neither in the market nor in the services.

15.3.1 Roles and Responsibilities
The project gives clear definitions of what the role of each actor is in the market. A short
summary is given below.
DSO
The DSO is a buyer of flexibility-based services and will look to the market for long-term
contracts for services to use as a virtual reserve capacity during N-1 conditions. Their
responsibility is to operate the distribution network as cost-efficiently and reliably as possible.
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TSO
The TSO is a buyer of flexibility-based services and will look to the market for short-term
contracts for services equivalent to the existing ancillary services. Their responsibility is to
operate the transmission network as cost-efficiently and reliably as possible.
BRP
The BRP is a buyer of flexibility-based services and will look to the market for short-term
contracts for services similar to those of the existing markets. Their responsibility is to maintain
power/energy balance for their customers.
Aggregator
The aggregator offers flexibility-based services in the market based on the flexibility of their
customers. Their responsibility towards the market is to aggregate the flexibility from their
customers and to present it on the market as a service that satisfies the requests/needs of the
buyers.
Customers
The customers are the providers of flexibility. They have no responsibility towards the market,
but are of course obligated to fulfil their contractual agreement with aggregators.

15.3.2 Services
The iPower setup proposes the use of several services, which are tailored for the different
actors and the conditions that they are meant to help with. Most of the services presented are
targeted at the DSO, since the market was primarily developed for DSO services, with TSO and
BRP services added at a later stage in the project. Services are based on both active and
reactive power and detailed descriptions of all services are given. For a list of all the services,
refer to the market documentation [10].
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15.4 EcoGrid EU
EcoGrid EU was a European-FP7 funded experiment that ran from 2011 to 2015 on the Danish
island of Bornholm. It is the predecessor to EcoGrid 2.0 and includes the same customers,
much of the same hardware, and some of the same partners. It was an indirect control
experiment, with customers responding to a 5-minute real-time price generated in a regulating
power market that mimics the Danish regulating power market, but with finer settlement periods
(5 minutes). In EcoGrid EU, the TSO played the role of aggregator, estimating flexibility in realtime and bidding it into the day-ahead and regulating market, while also performing low-voltage
congestion management. In EcoGrid 2.0, this responsibility will be given to multiple (separate
entity) aggregators, who will also attempt to deliver new services in other markets.
There exist hundreds of documents that detail the design and results from the experiment,
which are available here: https://project.sintef.no/eRoom/ (account required)

15.4.1 Experimental Setup
There existed several groups of customers, who were broadly clustered according to the
hardware and algorithms deployed. The main residential groups can be seen in Table 18. There
was also an industrial group with 100 businesses from, amongst others, the construction,
farming, and warehouse industries.

Table 18 - EcoGrid EU residential groups

15.4.2 Market Design
The overall concept of EcoGrid EU can be seen in Figure 35. The aim of the experiment was to
increase the flexibility of smaller loads and use this flexibility as a new source of balancing
power in the regulating power market. A statistical model of demand is used to estimate its price
elasticity (including cross-time elasticities and elasticity conditional on external factors such as
temperature), which is then bid into the regulating power market. Measurements from demand
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are used as soon as they are made available as an input to the statistical model. The
parameters for the statistical model were determined offline every two weeks.

Figure 35 - Indirect control concept in EcoGrid EU

The architectural structure of the EcoGrid EU demonstration is seen in Figure 36. The offline
box shows the statistical model building in a local environment, while the online box shows the
real-time market operation that ran server-side, giving prices every five minutes. The market
reflects the existing Nord Pool structure, with a day-ahead market (giving day-ahead price
forecasts for demand) and a regulating power market that makes adjustments to the supply and
demand schedules every hour. A third step made minor adjustments to the demand schedule
every five minutes. The baseline market was a regulating power market operated in parallel to
the EcoGrid EU market. It contained all the same inputs, with the exception of demand
response (DR), which was set to zero. Using this technique, the baseline market gives an idea
of social welfare (i.e. cost) of a market without DR, thus allowing a value to be placed on DR.
The baseline market also allowed estimates of renewable penetration increases due to DR to
be made.

EcoGrid 2.0 │ Appendix 2 – Flexibility Markets of Previous R&D Projects │ 95

Figure 36 - Architectural structure of the EcoGrid EU demonstration

15.4.3 Verification Methods
Several verification methods were investigated in EcoGrid EU. The experiment was designed
with a reference group, for which all other groups could be compared. However, this method
failed since it was not representative enough. Direct verification using individual DER meters
also failed, due to poor or missing sub-metering. Such an approach also failed because DERs
also have inflexible demand, which must be modelled and subtracted from the meter reading,
and such models were unreliable. Finally, statistical verification was used. An example day of
statistical verification can be seen in Figure 37. Here, demand varies continually throughout the
day, according to the instantaneous price, price forecasts, and hundreds of exogenous

96 │ Appendix 2 – Flexibility Markets of Previous R&D Projects │ EcoGrid 2.0

variables. The most significant activation of DR came in the hour 17:00 – 18:00, where a 250kW
reduction in demand was activated in the market. By subtracting the observations from the
statistical baseline, confirmation of activation could be made. A statistical approach allows the
uncertainty of activation and the activation characteristics to be defined.

Figure 37 - EcoGrid EU example showing a 250kW reduction in consumption that was bid into and
activated by the market in the hour 17:00-18:00. The statistical baseline can be defined before or after the
event.

15.4.4 Key Results
Key results from the market side include:


An 80% reduction in wind power curtailment



A 5.4% increase in social welfare



An 8.6% increase in renewable energy source penetration



An 80% market clearing rate

Key results from the demand side include:
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Group
Reference

RT DR

RT DR
(normalised)

Volume

Volume
(normalised)

Maximum
volume

0kW

0.0%

0.4kWh/h

1%

-9.8kWh

Manual

4.0kW

0.5%

0.3kWh/h

0.6%

-1.2kWh

IBM HP

190.1kW

26.8%

4.9kWh/h

11.5%

93.0kWh

IBM EH

114.4kW

13.4%

3.9kWh/h

7.8%

73.5kWh

TNO HP

0kW

0.0%

0.1kWh/h

0.8%

1.2kWh

198.0kW

22.4%

9.5kWh/h

20.6%

110.3kWh

Siemens EH

Table 19 - Key demand flexibility results

In Table 19, the RT DR is the maximum real-time demand response each group is capable of
activating. As with all results in this table, there is a degree of uncertainty. In this case, the
uncertainty is large enough to mean that the manual group is not significantly different from
zero, so a 4kW maximum DR represents the noise in the statistical model. The next column is
the maximum DR normalized for the peak consumption of each group. The volume column
shows the average absolute activation per hour throughout the experiment. The following
column is this volume normalized by the average consumption per hour throughout the
experiment. The final column shows the maximum potential DR activated in a single hour. In
this table, the reference, manual, and TNO HP groups were deemed to be non-responsive. The
TNO HP was expected to be responsive, since it had the same hardware as the IBM HP group,
but algorithm design failures meant that it did not respond.
Figure 38 shows the activation profiles for the two best performing groups, assuming a step
increase in price at time zero. After time zero the price moves to a permanently higher price.
The IBM group takes 30 minutes to ramp up, followed by a significant rebound (where the
indoor temperature of the houses must recover). The Siemens group ramps up in 5 minutes and
has a more gentle rebound.
These results are important to EcoGrid 2.0, since a similar DR potential and results should be
expected, given that the DR resource is the same.
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Figure 38 - DR profile for the two best performing EcoGrid EU groups. A permanent increase in price is
observed at time zero (step change)
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Read more at www.eu-ecogrid.net

