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Executive summary
This deliverable reports on CoordiNet task 4.1 “Customer Engagement, Business Development and
Regulation”. The objective of this report is to describe the products used in the Swedish flexibility markets
for congestion management. In the Swedish business use cases, the distribution system operator utilizes the
flexibility service to either lower peak demand in the electric grid during the winter season or to mitigate
congestion from production during maintenance periods in the grid.
The report describes the market design and coordination of the local flexibility markets. Description of the
flexibility resources in each demonstration site, networks characteristics and limitations are also included
as they will be in 2020-2021 during the second of three-winter period demonstration of the congestion
management. Site specific adjustments for local customer, technical or regulatory requirements are
described. Emphasis in this report is on the products and services executed for the day-ahead flexibility
markets for congestion management during 2019/2020 as well as on the additional intraday and peer-topeer products defined for the second season in the winter of 2020/2021. The process to forward un-used
flexibility bids to the national manual Frequency Restoration Reserves (mFRR) market is also described. The
products in the Swedish demonstration are based on CoordiNet standardized products defined in D1.3
(scenarios and products) [1] and D1.5 (business use cases) [2] but have been have been adapted through
extensive stakeholder interaction which have previously been described in the report CoordiNet deliverable
4.5 [3].
The report provides a summary of the features of the market trade platform developed in-house within the
Swedish CoordiNet demonstration. Moreover, it also describes the process of flexibility providers and control
room staff for clearing flexibility bids, for local congestion management. Finally, the report includes
annexes describing the business use cases and information schemes to be tested.
The figure below shows the locations, flexibility technologies, services considered in the Swedish
demonstration.

Figure: Swedish Demonstration Regions and Services

Demand-side resources included in the flexibility markets are connected at low and medium voltages with
total capacity of 350 MW in the four demonstrations areas. Bids are provided to an on-line platform that
supports decision-making with real-time data, forecasts where available bids are evaluated each morning
GA 824414
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by control room operators and flexibility cleared when needed. In Gotland a peer-to peer market is also set
up to enable wind producers to avoid network congestion by procuring additional grid use from the district
heating company. A second peer-to-peer market in Västernorrland and Jämtland allows hydro and wind
producers to trade capacity during periods with reduced capacity in the grid due to maintenance.
Central to the operation of a flexibility market for congestion management is accurate forecasting of load.
Following the first-year demonstration an application program interface was added to import production
plans for major consumers. Load forecasting has also been improved and been extended to be used as a
baseline for evaluation of delivered flexibility.
The first-year operation of the flexibility markets for congestion management in 2019/2020 showed a low
liquidity with flexibility provided mainly from a few dominant resources in each market. For the second
winter operation in 2020/2021 the number of flexibility providers have been doubled. Both products,
processes and market platform tools will be further developed ahead of the third and final year of operation
of the flexibility markets in 2021/2022. Extensive adaptations to the market platform have been performed
following the first winter operation in 2019/2020. Efforts have been made not only to add support for
intraday and peer-to-peer trade but also support the needs of a wider range of flexibility resources through
allowing bids to be entered with preparation time, min and max duration as well as cooldown requirements
before resources can be used again. Through the increased bid flexibility and extended liquidity on the
market the potential for smaller flexibility resources to support local grids will hopefully be demonstrated.
In the business use case for congestion management the DSO uses the flexibility service to lower peak
demand in the grid during the winter season November to March. The novel local markets have demonstrated
in 2019/2020 and 2020/2021 how to coordinate with and complement the existing markets for electricity
trade and system services as well as coordination between flexibility providers, DSOs and TSO. The result
was the first major demonstration of the possibility, as well as ability, for a flexibility provider to participate
in a coordinated way on different markets, as well as contributing with a new flexibility service in a marketbased way. For the second winter operation in 2020/2021 the number of flexibility resources has more than
doubled and includes more local distribution system operators as well as both day-ahead, intraday and
forwarding of bids to national balancing market (mFRR). To further explore the potential of flexibility
markets a peer-to-peer market between producers and a major grid user has been set-up to evaluate if
temporary restrictions on grid capacity can be handled by the market platform as well. This peer-to-peer
market is complemented by a block-chain validation of market interactions.
The Swedish CoordiNet projects have shown a more dynamic and digital way for DSOs to utilize flexibility
for the operation of the network. Close stakeholder interactions and sequential development has been the
key to the success of the Swedish CoordiNet demonstration. Halfway through the project the products for
local flexibility markets have been further enhanced. This report bears witness to the continuous strive to
adapt and improve the market to meet the needs of the distribution system operators, while unlocking the
full potential of the flexibility resources participating.
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Notations, abbreviations and acronyms

Table 1: Acronyms list

Acronym

Definition

aFRR

Automatic Frequency Restoration Reserve

API

Application Programming Interface

BRP

Balancing Responsible Party

BSP

Balance Service Provider

BUC

Business Use Case

CHP

Combined Heat and Power

DER

Distributed Energy Resource

DNO

Distribution Network Operator (traditional role/acronym)

DSO

Distribution System Operator (new role/acronym)

FCR-N

Frequency Containment Reserve for normal grid operation,

FCR-D

Frequency Containment Reserve for disturbed grid operation

FRR

Fast Frequency Reserve

FSP

Flexibility Service Provider

HMI

Human Machine Interface

HVDC

High Voltage Direct Current

LV

Low Voltage

mFRR

Manual Frequency Restoration Reserves

MV

Medium Voltage

P2P

Peer-to-Peer

RES

Renewable Energy Source

RMSE

Root Mean Square Error

RR

Replacement Reserves

Svk

Svenska kraftnät, Sweden’s TSO

SCADA

Supervisory Control and Data Acquisition

TSO

Transmission system operator

VPP

Virtual Power Plant
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1. Introduction
1.1. The CoordiNet project
The CoordiNet project is a response to the call LC-SC3-ES-5-2018-2020, entitled “TSO – DSO – Consumer:
Large-scale demonstrations of innovative grid services through demand response, storage and small-scale
generation” of the Horizon 2020 programme. The project aims at demonstrating how Distribution System
Operators (DSO) and Transmission System Operators (TSO) shall act in a coordinated manner to clear and
activate grid services in the most reliable and efficient way through the implementation of three large-scale
demonstrations. The CoordiNet project is centred around three key objectives:
• To demonstrate to which extent coordination between TSO/DSO will lead to a cheaper, more
reliable and more environmentally friendly electricity supply to the consumers through the
implementation of three demonstrations at large scale, in cooperation with market participants.
• To define and test a set of standardized products and the related key parameters for grid services,
including the reservation and activation process for the use of the assets and finally the
settlement process.
• To specify and develop a TSO-DSO-Consumers cooperation platform starting with the necessary
building blocks for the demonstration sites. These components will pave the way for the
interoperable development of a pan-European market that will allow all market participants to
provide energy services and opens new revenue streams for consumers providing grid services.
In total, eight demonstration activities will be carried out in three different countries, namely Greece,
Spain, and Sweden. In each demonstration activity, different products will be tested, in different time
frames and relying on the provision of flexibility by different types of Distributed Energy Resources (DER).
Figure 1 presents a preliminary set of product characteristics, periods for contracting the services, and types
of DER in each demonstration activity. Grey boxes represent demonstration activities in Greece, while pink
boxes represent demonstration activities in Spain, and finally yellow boxes represent demonstrations in
Sweden.

Figure 1: Characteristics of products to be tested in the demonstrations, in yellow the four Swedish demonstrations.
(Light yellow a product only investigated but not tested in demonstration)
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The Swedish demonstration aims to bring the following benefits:
• Enable city and economic growth through a new way of using capacity more flexibly over time.
• Flexibility market established on which flexibility providers can offer capacity and DSOs can clear
this additional capacity, when needed.
• Flexibility products developed and incorporated into DSO operations and grid planning
perspectives, as well as customer routines.
• Market Design and coordination between TSO and DSOs.
• Digital market established, supported by real time data and machine learning models to forecast
customer and grid behaviour.
• New types of actors from local DSOs participating with flexibility.
• DER like energy storage and wind as well as small-scale customers through aggregation
participating with flexibility supported by real time data, and forecasting for customer and grid
behaviour.
• Contribution to national and local goals for climate and renewables as well as economical
utilization of assets.
• Digital peer-to-peer market in place to enable trading, planning and economical transactions.
• A marketplace that provides a cost-efficient way for including local flexibility resources to provide
ancillary services to DSO and TSO.
The first phase of the Swedish demonstration corresponded to the operation of a day-ahead flexibility
market for congestion management in 3 locations during the winter of 2019/2020. The second stage includes
also an Intraday market as well as a peer-to-peer market to be operated in two locations. Both products
applied in the first season demonstration 2019/2020 and products that will be run in 2020/2021 are
described in this report. For further background information on the Swedish CoordiNet demo, demonstration
site descriptions, identified grid needs and platform development refer to previous reports available at
https://coordinet-project.eu/publications/deliverables, under tab WP4.
1.2. The Swedish CoordiNet demonstrat ion
The objective of the Swedish demonstration lies in relieving the existing and growing large scale network
constraints in the regional DSO grid and DSO/TSO interfaces, allowing for the ongoing integration of RES,
urbanization and industrialization. In the Swedish business use case, the DSO utilizes the flexibility service
to lower peak demand in the grid during the winter season November to March. This is achieved by
establishing new and innovative local flexibility markets, next to the centralized market for ancillary
services, also capable of providing additional contribution to the market for ancillary services. This will also
be achieved by establishing new and innovative peer-to-peer markets. Prerequisites for these markets are
improved cooperation between the DSO and the TSO, suitable coordination schemes for the different
markets, necessary market tools and a thorough understanding of both customer and grid operator user
conditions.
There is an increasing need for flexibility for the TSO as forecasted by the Nordic TSO [4] as well as the
Swedish TSO, Svenska kraftnät [5]. The DSOs have locally urgent need for flexibility provided by customers,
aggregators and generators, which is the background and reasoning for conducting the demonstration at
four different sites, Skåne, Uppland, the island of Gotland and rural north of Sweden, where flexibility
solutions presently are required to alleviate network congestions. Since there are much different conditions
locally, each of the four sites require a separate solution and are described in separate sections below.
In three of four demonstrations a day-ahead market was operated in winter of 2019/2020 and were described
in CoordiNet deliverable 4.5 [3], as well as described in this report. In the winter of 2020/2021 these markets
will be complemented with Intraday trading and a P2P market will be set up in one of the three existing
markets (Gotland), as well as a new P2P market in the Västernorrland and Jämtland regions. Combined the
four demonstrations will demonstrate a new, local flexibility market complementing existing central

GA 824414
Confidentiality: C2 - Internal

Page 20 of 124

D4.1 –Site specific product portfolio to be used in Swedish demo
(including contracts, routines and business models)
markets for ancillary services. The target is to achieve a more holistic approach to reaching cost efficient
grid utilization by also taking regional constraints into account as a pricing factor.
The marketplace of the Swedish demonstration is focused on a holistic approach to unlock flexibility. In the
scope of the marketplaces, Vattenfall, E.ON and SvK intend to look at the Swedish energy market, not just
from a technical or engineering perspective but also consider cultural, political and financial aspects. As
illustrated in Figure 2, the Swedish demonstration will establish new pathways between flexibility service
providers such as DERs (both aggregated into VPPs and autonomously) and flexible demand. This will provide
new tools to solve issues with congestion management and create a functional blueprint for change
management in the energy sector.

Figure 2: A holistic approach on transformation, multiple technologies and perspectives are needed to drive change in order to
achieve a local flexibility market where TSO/DSO (left side) can meet with flexibility providers (right side).

The following activities have been initiated to ensure the achievement of the objective:
• Definition of a process of large-scale customer engagement in the sub-demonstration sites,
considering both engagement activities, product complementarity between open regional markets
and contract constructions.
• Change management to achieve acceptance and utilization of local flexibility markets in DSO and
TSO organizations.
• Design and development of a well-accepted market design with products and coordination
scheme.
• Definition of business models and future planning and operation models able to benefit and value
the increased efficiency resulting from the coordination between TSO-DSO-customers.
• Design and development of a well-accepted market platform for all users, considering user
experience, robustness and data availability.
• Integration of the marketplace into existing systems, applications and data, and to field devices
(Smart Meters).
1.3. Consortium members in the Swedish demonstration
The Consortium Members in the four Swedish demonstration sites are: Vattenfall Eldistribution AB, E.ON
Energidistribution AB, Affärsverket Svenska kraftnät, Uppsala municipality, Energiforsk AB and Expektra AB.
Special thanks are sent to the Swedish Energy Markets Inspectorate and Swedish Energy Agency for active
and constructive dialogue as well as to all flexibility providers who have invested time and effort to make
their resources available for the market.
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Figure 3: Members of the Swedish CoordiNet consortium in February 2019.

1.4. Document structure
This deliverable reports on CoordiNet task 4.1 “Customer Engagement, Business Development and
Regulation” which describes the outcome of the first winters demonstration of the Swedish flexibility
market for congestion management. The report is organized in the following Chapters:
• An introduction to the CoordiNet Horizon 2020 projects with background and context for the
Swedish demonstration.
• Characteristics of the Swedish demonstration sites including grid needs and timetable for the
various markets.
• Description of flexibility service providers including resource characteristics.
• Flexibility products applied in Swedish demo including product attributes, their relation to grid
needs and the processes associated with set-up and trading of flexibility.
• Market design with coordination scheme between markets, the market trading platforms
interfaces for flexibility providers bidding and clearing of bids from the DSO control room.
Methodologies for validation of bids and architecture of the flexibility market according to the IEC
SGAM model is also provide in this chapter.
• Conclusion on the product design for the Swedish flexibility markets within CoordiNet.
The report includes more detailed information in the following annexes:
A. Business use cases and their relation to the market coordination framework developed within the
CoordiNet EU project as well as description of the temporary subscription cost associated,
determining the financial value of flexibility in the Swedish markets for congestion management.
B. Detailed IT-architecture and model of interactions with the market platform.
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2. Demo site characteristics
The Swedish CoordiNet demo will be operated for three years. The first winter operation of the flexibility
markets for congestion management starting in November 2019. For the first winter twelve Flexibility
Service Providers (FSP) participated with nearly 200 MW of flexible loads. During this first winter some 4
GWh of flexibility was procured during 256 hours in three different markets, until the markets closed end
of March 2020 [3]. In the winter of 2020/2021 contracts have been signed with additional flexibility providers
bring the total number to 32 Flexibility Service Providers (FSP) providing 350 MW of flexibility in total on
four different markets. Three markets will cover flexibility for congestion managements including balancing
services, while a fourth market will focus solely on peer-to-peer (P2P) transactions between producers
during periods of maintenance.
The CoordiNet Swedish demo is thus both one of the largest and most diverse European DSO flexibility
markets operated to date. In this section the various demonstration sites are presented, including
descriptions of the resources included in the markets, their flexibility potential and the grids to which these
resources are connected.
Figure 4 shows the locations, flexibility technologies and services considered in the Swedish demonstration.

Figure 4: shows the locations and regional DSO challenges considered in the Swedish demonstration.

The regional DSO challenges faced in the four Swedish CoordiNet demos are:
• In Uppland there is an increase of power demand as cities are growing and as a result of an
increasing electrification of industry and society in general. Furthermore, the closing of local CHP
production increases the need for withdrawal from the transmission grid. The TSO is not able to
increase the subscription level for the local and regional DSOs without grid reinforcement. For the
first time in 2016, the regional grid has in turn denied an increase of the subscription level for the
local DSOs. The necessary grid reinforcements will take up to 10 years to solve.
• In Skåne there is an increase of power demand as cities are growing and as a result of an
increasing electrification of industry and society in general. Here as well, the closing of local CHP
production increases the need for withdrawal from the transmission grid. The TSO is not able to
increase the subscription level for the local and regional DSOs without grid reinforcement. In the
past, the regional grid has in turn denied an increase of the subscription level for the local DSOs.
Again, the necessary grid reinforcements will take up to 10 years to solve.
• Gotland has a large share of renewable sources providing 50% of the electricity consumption on an
annual basis for the island’s 60 000 inhabitants. The island is connected to mainland Sweden

GA 824414
Confidentiality: C2 - Internal

Page 23 of 124

D4.1 –Site specific product portfolio to be used in Swedish demo
(including contracts, routines and business models)

•

through an aging HVDC link. RES installations were increasing but stopped owing to difficulties
connecting new installations due to operational security. As with the other demonstration sites
power demand is expected to increase. In the near future it is feared it will not be possible to
electrify large industrial sites. Also, electrification of the transport sector needs more capacity
during peak season, which is currently not possible.
In Västernorrland and Jämtland maintenance on power lines result in temporary capacity
restraints that imply that wind and hydro power generation must be reduced.

In addition, the TSO faces the challenge to meet the growing demands of balancing with a wider number of
service providers than today.
The three demonstration sites operated in the winter of 2019/2020 are extensively described in CoordiNet
deliverable 4.5 [3], including information of the flexibility service providers in each location. This report
describes the product developed to meet the challenges of the regional DSO.
For the context of the Swedish CoordiNet demo it is important to understand the concept of a regional DSO
that operates electrical networks (normally between 70 kV-130 kV) in between the TSO and local DSOs. The
regional DSOs in Sweden have a contract with a subscription level towards the TSO, as shown in Figure 5.
The Swedish CoordiNet consortium members, Vattenfall Eldistribution AB and E.ON Energidistribution AB,
are two of Sweden´s three regional DSOs. These three regional DSOs each have between 890,000 and
1,040,000 customers and a combined share of 52% of all electricity customers [6]. They also act as a local
DSO as well as connecting the majority of the remaining half of the customers that are served by 151 smaller
DSO.

Figure 5: Principle levels in the Swedish transmission grid.

The subscription level, called regular capacity plan by the TSO in [7], is the annually contracted level of
power that is allowed to be drawn from the TSO, without further agreement.
Also, the local DSO will have a subscription level governing the amount of power that it can draw, but this
is often with the regional DSO and not with the TSO that only operates 220 and 400 kV lines. This subscription
limit is not to be confused with the physical constraints of the transformers and cables (or voltage and small
signal stability) that is higher than the subscription limit. The subscription limit is instead a lower limit that
can be fed in without prior notification. It is possible to apply for a temporary subscription in addition to
the annual subscription. (The TSO then needs to asses if increased flow is possible with anticipated network
flow and constraints). Temporary subscriptions refer to input or consumption in addition to the regular
subscription and apply to one single week. Requests for temporary plans are submitted to Svenska kraftnät
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at least one hour before subscription start and cover the period up to 24:00 on the last day of the
subscription. The application is submitted to Svenska kraftnät´s duty engineer and is granted subject to
available network capacity [7]. In the case of maintenance, the redundancy of TSO and regional networks
may be reduced. To uphold security margins subscription levels may be required to be reduced during the
period of maintenance.
2.1.1. Timetable for demonstrations
The key characteristics of the four demonstrations are presented in Figure 6. Each of the four demo sites
has a mixture of products (vertical lanes) with each product using a separate market model. The starting
time for the market opening of each product is indicated in Figure 6. (The products, once introduced will
be offered during the remaining demonstration periods in 2020/20201 and 2021/2022 as well.)

Figure 6: Overview of products and timing of the four demonstrations in the Swedish CoordiNet demo.

2.2. The Uppland flexibility market for congestion management
Uppsala is Sweden’s fourth largest city with 170,000 inhabitants. It is situated 70 km north of the capital.
In recent years multiple customers have been denied increased capacity or connection in time, hindering
city growth and economic development in the region. Without coordination of flexibility between local grid,
regional grid and national grid reserved capacity in some connection points leads to sub-optimization in
capacity utilization during temporary grid constraints. Vattenfall Distribution has since 2018 responded to
these challenges by manually steering flexible loads and by developing bilateral agreements for load and
production steering between grid customers and regional DSO or local DSO to meet regional DSO grid need
or local grid need. The bilateral agreements allow connection of new customers by enabling the subscription
level to be kept by manually steering down the consumption of specific flexibility resources when needed.
These kind of bilateral firm-bid capacity agreements are manual and not possible to scale up further. The
agreements are targeting only customers with high availability. With CoordiNet’s market-based approach,
urban and economic growth can be enabled with less administrative over-head, through a more flexible way
of accessing capacity. The goal is furthermore to encourage new types of actors to provide flexibility.
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2.2.1. Network characteristics
In Uppland there is an increase of power demand as cities are growing and as a result of an increasing
electrification of industry and society in general. Furthermore, the shutdown of local CHP production
increases the need for withdrawal from the transmission grid. The TSO is not able to increase the
subscription level for the local and regional DSOs without grid reinforcement. For the first time in 2016, the
regional grid has in turn denied an increase of the subscription level for the local DSOs. The necessary grid
reinforcements will take up to 10 years to solve.
The main population centres and transmission network in the Uppland region is depicted in Figure 7.

Figure 7: Populations density and transmission network in Uppland region (right figure shows an extract from ENTSO-E grid map
showing international interconnections).

Figure 8 shows a schematic representation of the Uppland grid around Uppsala where the meshed 70 kV
regional network is connected to the 220 kV transmission network at three locations (Bredåker in the North
and Plenninge with Boländerna under it, in the South).

Figure 8: Market places of the Uppland demonstration showing major connection points of the grid.
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Grid needs to participate in the demonstration were identified related to the following locations:
• TSO connection 1, a 220/70 kV substation.
• TSO connection 2, a 220/70 kV substation.
• TSO connection 1+2 (just under 300 MW combined subscription level to TSO).
• Uppsala North (Multiple 70 kV substations with combined subscription level to regional DSO).
• Uppsala South (Multiple 70 kV substations with combined subscription level to regional DSO).
As can be seen in Figure 8, resources are connected to one regional DSO (Vattenfall Distribution) and two
local DSOs (Vattenfall Distribution and Upplands Energi). The local DSO Vattenfall Uppsala South did not
have any participating flexibility providers, but load forecast and real time data for the grid need was
demonstrated.
Exceeding the TSO subscription level may be granted by the TSO but is associated with a cost for each MWh
that the level is surpassed. The fee for subscription/MW and for temporary subscription/MWh are different
in every TSO node and are set annually by the TSO.
Exceeding the DSO regional subscription level may be granted by the regional DSO but is associated with a
cost for the two highest MW values that the level is surpassed with. The fee for subscription/MW is set
annually by the regional DSO.
In the five years prior to the inauguration of the Uppland flexibility market for congestion management, the
TSO subscription limit in both connection points combined was exceeded during about 2 % of the time (and
only in winter). In total, 112 days with violation of the subscription were registered totalling 802 hours. The
subscription levels could be exceeded for as long as 16 h at a time. The congestion correlates to periods of
low temperature and thus high power demand, but the local nature of the congestion is not manifested in
the spot market. When looking at the price, it is only marginally higher at times of congestion in Uppland
(average spot price 284,05 SEK/MW when subscription level exceeded, compared to annual average of 277,
82 SEK/MW).
2.3. The Skåne flexibility market for congestion management
Skåne (Scania in English) is the southernmost province of Sweden with a population of 1,3 million. The region
has insufficient capacity to meet increased demand for expansion (residential, office), new industries and
E-Mobility. In the region multiple customers have been denied increased capacity or connection in time in
recent years, threatening urban development and economic growth in the region. The situation is further
complicated due to technical and regulatory dependency to the interconnector between Sweden and
Germany. 600 MW of the TSO transmission line capacity through South western Skåne is allocated for the
Baltic Cable export to Germany, which terminates at the TSO substation in Arrie that is also E.ON’s
connection point with the TSO. A limited demonstration was performed with CHP in 2015-2016 but no other
routines or bilateral contracts are in place to manage flexible loads. Flexible tariffs used by the DSO, E.ON,
in other regions is not used in Skåne and these contracts are deemed to have an obsolete setup to solve the
current capacity issues.
2.3.1. Network characteristics
The main power fed to Skåne comes down along the west coast from the nuclear power plant, Ringhals,
south of Gothenburg towards the TSO substation in Söderåsen (see Figure 9). The load in Skåne is primarily
concentrated to the west and southern part of the region. The power is distributed from the transmission
grid in the above mentioned Söderåsen substation as well as former nuclear site Barsebäck (decommissioned
in 1999 and 2005) and from the two substations Sege-Arrie. Additional capacity is supplied from Northern
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and Eastern Sweden through the substation at Hurva (see right side of Figure 9). However, it is the power
lines between Söderåsen-Barsebäck and Barsebäck-Sege that constitute the main bottle necks for power
supply to Western and South Western Skåne.
In total Svenska kraftnät supplies southwestern Skåne with 1350 MW through 400 kV transmission. Of this, a
capacity of 600 MW is reserved for export using the Baltic Cable as it is not allowed do discriminate between
domestic and foreign customers. (These 600 MW have been reserved following the ruling of a 2011 European
court case between Danish Energy and the Swedish TSO [8]. Traditionally the TSO had at times reduced the
available trade capacity for the market on the cables to Denmark. However, the restrictions meant that the
large regulation volumes required for the wind power production in Eastern Denmark (Jylland) could not be
acquired through short-term trade with Sweden and Norway [9]. Four price areas were also created in
Sweden in 2011 with the Southernmost price area, SE4, in which Skåne is situated, having a deficit of
production.
Also, the closing of local CHP production in 2019, following increased taxes on combined heat and electricity
production, raised the need for power withdrawal from the transmission grid. Taken together this has led
to a situation where the TSO is currently not able to increase the subscription level for the regional DSOs
and the DSO without grid reinforcement. The regional grid owners has in turn denied an increase of the
subscription level for the local DSOs until all ongoing grid strengthening is in place.
Additional capacity will be supplied through a new 2* 600 MW HVDC cable to Hurva but has been delayed
[10]. The Northern parts of this link was inaugurated in 2015. The Southern part was originally planned to
be inaugurated during the same year but has been delayed more than twenty times (see [10]) with current
date for commissioning in March 2021. However, while the increased transmission capacity may contribute
towards decreased price area differences between bidding zones SE3 and SE4, it will not allow for an
increased supply in to the Western and South Western Skåne. To supply additional power to the population
in Western and South-western Skåne, capacity increase are required in the regional grid power lines from
Hurva that are not planned to be finalized until 2024 [11]. The main population centres and transmission
network in the Skåne region is depicted in Figure 9.
Svenska kraftnät and E.ON are in parallel to the medium and long term capacity enhancement activities
also introducing a 7 point program with near term measures during the period 2020-2021. These measures
include enhanced network protection scheme for interconnections, load reduction capabilities
reconfiguration of 400 kV substations and dynamic line rating on some transmission lines. Together these
measures will allow to increase the supply to the area with about 400 MW.

Figure 9: Populations density and transmission network in Scania region (right figure shows an extract from ENTSO-E grid map
showing international interconnections).
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Given the present transmission constraints in Skåne, three main areas have been targeted for the capacity
market: Söderåsen with Helsingborg as main population centre, Barsebäck with Landskrona and Sege/Arrie
which supplies Malmö.
With respect to the main Skåne flexibility market for congestion management in Southern Skåne, power is
supplied through Sege (S1) and Arrie (S2) transmission substations before reaching the southern parts of
Skåne and extending across the sea via the Baltic cable, Figure 10.

Figure 10: Extent of Sege and Arrie substation transmission in Skåne, with dashed line showing main HV supply from TSO.

Figure 11 shows the schematic representation of the Skåne grid where the resources are connected. As can
be seen, resources are connected either directly to the regional grid or to a local DSO. The regional DSO has
a single connection point with the TSO in one HV substation. The regional network of E.ON in turn feeds two
local DSO markets in the town of Lund (Kraftringen Nät AB) and Ystad (Ystad Energi AB) through three
different substations.

Figure 11: Market places of the Skåne demonstrator showing major connection points of the grid.
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2.4. The Gotland flexibility market for congestion management
Gotland is the largest island in Sweden with a population of nearly 60,000. The island has a large share of
renewable sources, providing 50% of the electricity consumption on an annual basis. RES installations are
increasing but larger installation are currently stopped owing to difficulties connecting new installations
due to operational security. As with the other demonstration sites power demand is expected to increase.
In the near future it is feared that it will not be possible to electrify large industrial sites. Although the DSO
anticipates that electrification of personal cars can be manageable, the local high power demand for
electrifying ferries, heavy transport etc. can become a challenge and may require more capacity. On
Gotland both a flexibility market for congestion management is operated that is similar to those in Uppland
and Skåne (product of section 4.3) as well as a peer-to-peer market similar to that in Västernorrland and
Jämtland (product of section 4.5).
2.4.1. Network characteristics
The local and transmission grids in the Gotland region are depicted in Figure 12.

Figure 12: Overview of the Gotland grid [12] (right image shows extract from ENTSO-E grid map showing HVDC link, which is run
by the region DSO, Vattenfall, and not directly connected to the transmission network).

The island was connected to mainland Sweden with the world’s first HVDC connection in 1954. The original
link is no longer in use and has been replaced by two monopolar HVDC links. The first replacement link was
a 150 kV “HVDC classic” connection with a capacity of 130 MW that went into service in 1983, followed in
1987 by a second monopolar link, with a transmission capacity of 130 MW. The existing HVDC links, that are
not designed for bi-directional energy flow and the inversion of the required power flow, are accompanied
by reduced security of supply when exporting power from the island. To reduce the number of changes in
the direction of the power flow a margin is also ensured so that the power flow is not too close to zero.
Further, the aging HVDC connection may trip due to fault conditions such as lightning strikes in neighbouring
grids, resulting in several black outs of the whole island in the last 2-3 years. Due to increased risk of black
outs with the HVDC link, a moratorium on new connections of large-scale wind and solar (>43,5 kW) is in
place since September 2017.
Even though this HVDC link will keep the frequency of the island, the DSO in Gotland must be prepared to
handle some issues TSOs would typically be responsible for, i.e. balancing and inertial response. The Gotland
GA 824414
Confidentiality: C2 - Internal

Page 30 of 124

D4.1 –Site specific product portfolio to be used in Swedish demo
(including contracts, routines and business models)
DSO has a subscription limit towards Vattenfall that owns and operates the HVDC and its substations on both
sides. This limit is equivalent to the maximum load of the island or about 180 MW for import of power to
the island [13]. To ensure a more frequent operation of the Gotland flexibility market for congestion
management it was decided to implement a 155 MW limit in the market platform for the first winter that
was subsequently lowered to 125 MW in the second winter of 2020/2021. Flexibility is cleared when the
forecast indicates violation of this limit. Figure 13 shows the representation of the grid of Gotland where
resources are connected.

Figure 13: Market places of the Gotland demonstrator showing major connection points of the grid.

Historic values of the flow on the mainland connection for two weeks are shown in Figure 14.

Figure 14: Power flow over the HVDC link between island of Gotland and mainland Sweden.

The power flow in the cable varies greatly and may be reversed at times of high wind production and low
consumption, see Figure 15.

Figure 15: Reverse power flow with wind production on island of Gotland being fed to mainland Sweden.
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2.5. The Västernorrland and Jämtland peer -to-peer market for congestion management
Västernorrland and Jämtland region experience temporary constraints during periods of maintenance on the
TSO lines that result in limitations of wind and hydro power generation. This typically happens 15 to 25
times per year and has a limited duration in time ranging from a few hours up to a week or two.
By trading (buying or selling) capacity by the hour, the actor can optimize production and/or consumption
when operating under temporarily decreased subscription levels (i.e. the maximum grid load threshold as
set by the regional DSO or the TSO). For example, during low wind periods wind power producers in
Västernorrland and Jämtland can sell their unused capacity to make an extra income. The buyer could be a
hydro producer that can increase production above its temporary constrained subscription level, leading to
financial gains. This is further described in Section 4.5.
2.5.1. Network characteristics
There were only a few planned maintenance periods in the Västernorrland and Jämtland regions. After
engaging with potential actors for the P2P market within each area, E.ON chose to setup the market around
two curtailments that were planned for late summer/autumn of 2020. The network maintenance was
planned to reinforce the transmission grid, leading to temporary limitations of transmission capacity. The
actors within this area are mostly hydro and wind power producers, managing facilities (flexibility assets)
ranging from 1 to 100+ MW in production capacity.
The transmission grids in Västernorrland and Jämtland region are depicted in Figure 16. The market actors
selected to participate in the P2P demonstration are producers with assets connected to the Rätan
substation (see Figure 16).(see Figure 16).

Figure 16: Area map showing affected substation at Rätan in Jämtland. (Extract from ENTSO-E grid map. Blue/white boxes are
hydro power plant, green white boxes wind parks.)

GA 824414
Confidentiality: C2 - Internal

Page 32 of 124

D4.1 –Site specific product portfolio to be used in Swedish demo
(including contracts, routines and business models)

3. Engagement of flexibility service providers
3.1. Flexibility service provider recruitment
The products defined in the Swedish demonstration have been developed through extensive dialogue with
potential flexibility service providers (FSP). Customer engagement has been performed following the so
called AIDA model [14] , following the principles outlined in CoordiNet deliverable D1.2 [15].

Figure 17: Customer engagement steps following principles laid out in CoordiNet deliverable D1.2 [15].

In total over 30 external events were held ahead of the first winter season operation of the flexibility
markets for congestion management in 2019/2020. Open quarterly stakeholder meetings have been held
with up to 200 participants which formed the basis for the recruitment. Bi-monthly meetings have also been
held with the Swedish energy market inspectorate. These activities and their outcome have been described
in previous report on lessons learned from the first year market operation, D.4.5 [3]. The sequence of
activities undertaken to recruit and engage flexibility providers is outlined in Figure 18.

.

• Public stakeholder meetings with a wide collection of market
participants, government and municipality representatives
• Including workshops to gather feed-back on market design
• Identification of grid need
• Identification of impact factor
• Proactively contact and set-up individual meetings with significant
grid users
• Contractual agreement with flexibility provider
• Ensure data protection and information security
• Training sessions ahead of market opening
• One-to-one interviews with all participant following first winter
operation of flexibility markets
• Public stakeholder meetings to present additions for second
winter operation, recruit new users and gather feed-back on
market design
• Training on new market platform functionalities
• Repetition of last three bullets for final (third) winter operation in
2021/2022

Figure 18: sequence of activities to engage flexibility service providers.
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Following the first winter market demonstration individual interviews have been performed with all
participating flexibility service providers. Adaption to market design and platform has then been made based
on this input from users. A summary of the feed-back from the FSPs can be seen in Annex B.
Following the first winters successful operation of CoordiNet Swedish markets the project has been
presented at nearly a dozen European and national conferences including CIRED 2019 and 2020 WS,
InnoGRID2020, EU sustainable energy week and Bridge Horizon 2020 General Assembly 2020. National events
include presentations at Swedish energy market inspectorate seminar on flexibility with nearly two hundred
on-line participants, Swedish energy association, Swedenergy, “grid days” conference at a seminar at
Swedish parliament and presentation at the Swedish TSO, Svenska kraftnät´s, annual customer and
stakeholder meeting.
Initiatives to recruit FSPs was accelerated after the first winter operation of the flexibility market for
congestion management and resulted in a doubling of actors and increase of available flexibility on the
market from 256 to 350 MW. Several additional open meetings have also been held ahead of the second (of
three) winters operation in 2020/2021 and for the planning of the peer-to-peer markets. Dedicated meetings
have also been held to inform about the cascading fund possibilities (see section 3.2).
During 2020 it was decided to set-up a similar market to that of CoordiNet in the region of the capital,
Stockholm, called SthlmFlex. This was done in conjunction with Svenska kraftnät and the main DSO in central
Stockholm, Ellevio. It was decided to keep the CoordiNet market platform for control room operators at
Vattenfall and introduce it at Ellevio. However, for FSPs it was decided to have a DSO independent platform
for bid handling. This platform was Nodes, owned by Nordic Baltic TSO through TSO Holding AS that also
owns a third of Nordpool that operate the largest Nordic spot market. The meeting and high level national
publicity created by this larger market also had positive synergies with CoordiNet and increased the interest
in providing flexibility on the CoordiNet markets.
3.2. Cascading funds
The Swedish Demo aims to relieve the grid constraints in the regional DSO and DSO/TSO interfaces. This is
done by establishing innovative local flexibility markets for ancillary services, and through ground-breaking
use of peer-to-peer markets for customer self-managed capacity optimization. For this scope the
demonstration must find and engage customer and make available for the market their flexibility services,
through the design of purposeful and scalable flexibility products. As suggested in D1.2 [15] the CoordiNet
project allocated a budget of € 213,000 for provision of financial support to third parties to participate in
the Swedish demo. Each third-party could receive in the range of € 2,500 and € 7,500 (plus an extra budget
of € 1,000 per aggregators willing to participate in aggregation technique dialogue with task WP 2.4). [16]
These funds “addresses cost for the provision of flexibility services” [17]. A limit was also set so that a single
FSP could not receive more than € 60,000 and only receive funding for maximum of five flexibility resources.
The flexibility is expected to be supplied between November 2020-March 2022. [16]
3.2.1. Call for participation of flexibility service providers
The actors involved will help the Project to demonstrate the provision of flexibility services and analyse the
behaviour of different flexibility resources. The participation of flexibility providers intends to demonstrate
the capacity of open the market to external actors. On the other side, actors involved will learn from the
Project how to join flexibility markets and identify potential benefits and issues to overcome. [17]
An FSP is either an aggregator providing flexibility services or the owner or the representative of assets,
which are connected to the electricity network and which can provide energy services for DSOs and/or TSO.
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Cascading funds are available for the following types of FSPs: industries, energy storages, buildings,
aggregators, heat producers or renewable power producers. The FSPs assets should be located within one
of the following market areas: Skåne (€ 76,500 allocated), Uppland (€ 76,500 allocated), Gotland (€ 30,000
allocated), Västernorrland and Jämtland (€ 30,000) [18]. The FSPs must participate with a flexibility service
of 0.5 MW although for FSPs using high innovation 0.1 MW could be accepted. [19]
Financial support could be given to natural persons, public or private bodies, research organizations, nonprofit organizations, small and medium enterprises, international organizations and international
organizations of EU interest, established in an EU Member State or in an Associated Country.
Funding via the Financial Support to Third Parties (FSTP) is an instrument to facilitate the accomplishment
of the goals and impact targeted in CoordiNet Project. Therefore, the expressions of interest were evaluated
not only on the merit of their excellence but mostly on their fit with the CoordiNet Project goals and
approach. As a precondition of involvement, the recipient was not to work in isolation but required to
achieve the targeted results in co-operation with other members of the CoordiNet Community. [17]
Other mandatory requirements for entry included; asset located within a market area geographical defined
by the DSO, pricing of bids between 0-5,000 SEK/MWh, Possibility to offer bids during relevant market
horizons as well as agreeing to communication and cooperation activities.
3.2.2. Evaluation criteria for potential flexibility service providers
The evaluation process involved both internal and external evaluators as outlined in Figure 19. The internal
evaluators consisted of two representatives from the Swedish demo and the CoordiNet coordinator (Marco
Baron). An external evaluator prepared the individual evaluation reviews based on the following three
criteria stated in [19]:
1. Technical Excellence (Innovation degree), the adequacy of the technical solutions involved in the
activities.
2. Expected Impact, the potential to develop a ready-for-the-market solution and the potential key
exploitation results of the proposed project. In [18] this is stated as expected pricing of the bid
(€/MW).
3. Implementation, the adequacy between objectives and allocated resources is taken into account
as well as the overall organization of the work.

Figure 19: Process for evaluation of cascading fund applications from FSPs.
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An initial ranking was created by the external evaluator, Swedish Energy Agency, with scores from 1-10 on
the following three questions:
1. Pricing of the bid (lower price gives a higher score).
2. Innovation degree (maximum of 10 if does not exist on flexibility market today, 5 if rare and 1 if
already exists).
3. How often and when will the participant send bids to the relevant market, with maximum score of
10 assigned for more than 80% availability during the hours for which the market is defined. The
score is then decreased with roughly one for every 10% lower availability.
A minimum requirement for score of 5 on innovation degree ensured that cascading funds could only be
provided to resources that either does not exist on flexibility market today, or that exist but are rare on
flexibility market [19].
The final decision was taken by the Steering Committee that analyses the ranking and reports and who also
had a chance to vote on changing the initial ranking. The summary report with the final ranking, signed by
the Committee, will disclose the main strengths and weaknesses for each candidate, the reasons for
rejection, if the case, and the conclusions. More details on the evaluation process etc. are available for
download on: https://coordinet-project.eu/cascadingfunds/sweden.
3.2.3. Outcome of call for flexibility service providers
The first CoordiNet cascading funds call was closed on August 15th, 2020. A total of 9 applications were
received for cascading funds of which 8 were approved (one application was not approved due to risk of
conflict of interest). All but one of the FSP that received cascading funds had not participated in the
2019/2020 demo. The outcome of the call is summarized in Table 2.
Table 2: Evaluation of cascading fund applicants

Site

Uppland

Skåne

Flexible
Resource

Evaluation

Fresenius Kabi

The proposal is promising, as the price bid points are high. A single heat pump will
participate in the market. Mandatory requirements are fulfilled.
Pricing of the bid: 7, Innovation degree: 5, Availability: 3

Ngenic + Castellum

The proposal indicates a high expected impact. Innovation is high (but not unique).
Mandatory requirements are fulfilled.
Pricing of the bid: 6, Innovation degree: 5, Availability: 3

Ngenic + Riksbyggen

The proposal indicates a high expected impact. Innovation is high (but not unique).
Mandatory requirements are fulfilled. Pricing of the bid: 6, Innovation degree: 5,
Availability: 3

Ngenic + Upplands
Energi

The proposal indicates a high expected impact. Innovation is high (but not unique).
Mandatory requirements are fulfilled.
Pricing of the bid: 6, Innovation degree: 5, Availability: 3

Ngenic (households)

The proposal indicates a high expected impact. Innovation is high (but not unique).
Mandatory requirements are fulfilled.
Pricing of the bid: 6, Innovation degree: 5, Availability: 3

Entelios +
Elektrokoppar

Industrial electricity load at Elektrokoppar, aggregated by Entelios. High innovation as
industrial loads are often very unique. However, a low availability and very high
pricing are proposed in this demonstration. Mandatory requirements are fulfilled.
Pricing of the bid: 2, Innovation degree: 10, Availability: 1

Gotland Wind
Producers Association
(GVP)

Interesting proposal. Promising potential for the software (aggregation of wind power
flexibility), even if the pricing is rather low right now. Mandatory req. fulfilled.
Pricing of the bid: 1, Innovation degree: 10, Availability: 10

Gotland
Ryftes.

Very interesting flexibility source. High degree of innovation. Availability is rather low,
but it could maybe be increased if the demonstration is successful. Mandatory
requirements are fulfilled.
Pricing of the bid: 8, Innovation degree: 10, Availability: 1
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In Skåne Elektrokoppar applied for cascading funds. Elektrokoppar is a major European producer of silveralloyed copper wire situated in Helsingborg. The facility has a subscription of 3,6 MW and normal
consumption of around 2 MW. The planned consumption is acquired in the market by the balanced
responsible /balance service provider (BRP/BSP) who will use the planned market bid as reference for
provided flexibility. The BRP estimates the facility can provide approx. 0.5-1 MW of flexibility on the
CoordiNet day-ahead market. Market participation is dependent on pricing in the regulation market and the
current demand for the core product (copper wire).
Cascading funds was approved to support installation of 10 submeters providing live data on the facility’s
power consumption, as the site today only has accurate hourly consumption for the complete site. Funds
were also requested to aggregator cost and work related to changes in internal procedures. The latter is
because the plant needs to build up an internal organization structure to be able to provide the flexibility
when called on. The BRP/BSP established Scandinavia's first commercial aggregator 2008 and describes
themselves as providers of “all the necessary solutions to utilize this potential [of flexibility]: from
analysis, assessment of economic feasibility, to the actual commercialization of flexibility from industrial
consumers, power plants and storage” that help their customers “gain attractive additional revenue
streams that help reduce energy costs”. They describe the participation in CoordiNet with “this sets the
standard for a completely new way of working to combine production with the power system's need for
regulation power and flexibility”.
In Uppsala Fresenius Kabi AB, a manufacturer of parenteral nutrition for hospitals and medical care, applied
to use heat pumps at their production facilities as a source of Flexibility. During “beneficial” circumstances
these heat pumps may be switched off. Cascading funds were requested to cover investigations of the
consequences on production from turning the heat pumps off for a few hours on specific days. This is possible
since heat can be created in other ways. The company aims to provide 10 hours of flexibility per week and
says the driving behind participation is the same as for the energy savings: to fulfil strategic sustainability
goals.
The aggregator, Ngenic, participated in the CoordiNet demo in Uppland in the winter of 2019/2020 with an
aggregation of 340 single-family heat pumps (air to water heat pumps). This system had been developed in
2015-2017 in collaboration with the local DSO, Upplands Energi previous to CoordiNet. For the pilot in
2020/20201 Ngenic applied for cascading funds to provide flexibility also from another pool of aggregated
houses in Northern Uppsala, as well as from four additional resources:
• Aggregation of some 400+ single-family households who are equipped with Ngenic’ s automated
demand response technology. The total consumption of these houses is 0.5 – 2 MW depending on
weather conditions and estimated demand response is 0.5 to 1 MW. Households participating in
the aggregation service are capable of responding to an aggregated control signal sent by Ngenic.
Connected systems adjust their power-consumption based on the balance of two factors: 1)
thermal comfort in participating households and 2) the operating capacity of the power grid
(either via a consumption forecast or the price signal from the CoordiNet market). The resulting
product allows individual consumers the opportunity to contribute to the good of the grid without
sacrificing their level of comfort. Participating households are heated exclusively by air to water
heat pump systems. The estimated electricity consumption of the aggregated heat pumps is >100
kW. Funds are applied to develop the necessary models and software to accommodate the specific
market structure within CoordiNet.
• Aggregation of two office blocks that belong to Swedish real estate company Castellum. Each
property is equipped with a large-scale heat pump: “Kristallen” (107 kW) and “Dragarbrunnstorg”
(80 kW), for a total electricity consumption of 187 kW. Heat pumps are augmented during times of
peak load with additional heat supplied by the Uppsala district heating network, meaning that
they can be shut-down in times of grid congestion and replaced fully with district heating. Funds
were requested to outfit the heat pumps with Ngenic automated demand-response technology and
to produce accurate forecasts and calculations stated by Ngenic as required for participation on
CoordiNet market. The plan is to provide flexibility during 2-5 hours per day.
• Riksbyggen is a real estate company focusing on residential properties in Sweden. Two residential
areas, with single-family homes heated with heat pumps, will be aggregated and made available
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to the CoordiNet market. The estimated electricity consumption of the aggregated resource is 220
kW. During times of peak load, additional heat from the Uppsala district heating network is
supplied to these systems, meaning that they can be shut-down in times of grid congestion and
replaced fully with district heating. Cascading funds were applied to equip houses with the Ngenic
automated demand-response technology, capable of responding to a control signal from CoordiNet
via Ngenic.
For the Gotland demonstration the islands largest vegetable farm, Ryftes Grönsaker AB, applied for
cascading funds to provide a cooling compressor that generates continuous cooling to several consumers
within the farm. The compressors will initially be manually blocked when called off. This will be offered for
one hour per day, Monday to Friday at a fixed price of 30 € per MW and hour.
For the peer-to-peer market on Gotland the wind producer’s association, Gotlands Vindelsproducenters
förening, GVP, applied for cascading funds. The organization has 97% of the local wind turbine owners as
members, each with their own contract and has a contract with each member allowing GVP to regulate the
energy of their turbines via a software called Vindstyr. The software is used to distribute the curtailment
request from the local energy operator GEAB fairly between the energy producers. This scheme is described
in more detail in Section 3.3.4.
3.3. Market actors / roles
Flexibility providers participating in the demonstration of 2019/2020 and 2020/2021 included a large variety
of resources. The different flexibility service providers identified included:
• Heating companies
• Buildings
• Industries
• Aggregators
Types of assets included:
• Heating pumps
• Electric boilers
• Gas turbines
• CHP
• Diesel and biodiesel reserve power
• Energy storage
Some providers have long-term contracts (yearly) and some offer bids day-ahead. The resources also have
different availabilities, as well as how often and for how long the resources can be activated. This is
illustrated schematically in Figure 20.
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Figure 20: Characteristics and typical activation times for different flexibility resources used within the Swedish demonstration.

3.3.1. Uppland resource list
During the first session the Uppland flexibility market for congestion management, it had five FSPs which
offered in total 96 MW of flexibility (see [3] for further information and learnings from the first winter
operation). Samples of the flexibility resources in Uppland are shown in Figure 21. The flexibility resources
contracted to participate in the winter of 2020/2021 in Uppland are listed in Table 3. The number of
participating FSP has grown substantially for the second winter season and will be in total 19 resources and
242.5 MW, with facilities connected at local DSO and regional DSO levels. Of these resources, two are
aggregated resources, one of them with a total of 340 single-family home heat pumps. Additional actors can
participate in winter of 2021/2022.

Figure 21: Example of flexibility resources in the CoordiNet Uppland demonstration.
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Table 3: Summary of flexible resources in the Uppland demonstration (winter 2020/2021).

Site

Uppland

Flexible Resource

Number

Flexibility volume
(duration)

Voltage
Level

Upplands Energi*
Aggregator Ngenic (heatpumps.
~400 households)

1

0.5 – 2MW (temp.
dependent)
(1-4 hours daily)

Local DSO

Ngenic
(heat pumps from houses)

1

0.5 – 2MW (temp.
dependent)
(1-4 hours daily)

Local DSO

Cytiva*
Heating pump (industry)

1

1 MW
(1-24 hours daily)

Local DSO

Uppsala North
Distribution

Uppsala Hem*
Heating pumps (housing)

3

0.1 MW
(1-4 Hours daily)

Local DSO

Uppsala North
and South
Distribution

Vattenfall Värme*
Electric Boiler (heating
company)

1

Regional
DSO

Uppland
Regional
Distribution

Vattenfall Värme*
Heating pumps (heating
company)

2

8 MW, min 4 MW
(≥1 hours)

Vattenfall Värme*
Waste incineration (heating
company, production)

1

10 MW, min 2 MW
(≥6 hours)

Vattenfall Värme*
Gas turbine
(heating company, production)

1

16 MW, min 5 MW
(≥1 hours)

Vattenfall Elanläggningar
(Energy storage)

1

0,5-5 MW, 20 MWh
(1-4 hours)

Local DSO

Uppsala South
Distribution

Castellum
Geothermal heat pump
(2 office buildings)

2

0.187 MW, min 0.1
(2-5 hours per day)

Local DSO

Uppsala North
and South
Distribution

Riksbyggen
Heat pumps (aggregated single
family houses)

2

0.22 MW, min 0.1
(1-3 hours)

Local DSO

Uppsala North and
South
Distribution

Fresenius Kabi
Heat pumps
(life science industry)

1

0.5 MW, min 0.1
(1-3 hours)

Local DSO

Uppsala Region
(reserve power)

1

8 MW
(≥1 hour)

Local DSO

Uppsala North
or South Distribution

Vattenfall Generation
Älvkarleby hydro power

1

60 MW, min 5 MW

Local DSO

Uppsala North
Vattenfall
Distribution

60 MW, min 5 MW

Market
Upplands Energi

Local DSO

Regional
DSO

Local DSO

Uppsala North
Distribution

Uppsala North
Distribution
Uppsala North
Distribution
Uppsala North
Distribution

Uppsala North
Distribution

* Participated also in the first demonstration in the winter of 2019/2020
3.3.2. Skåne resources list
During the first session the Skåne flexibility market for congestion management had five FSPs who offered
in total 76 MW of flexibility (see [3] for further information and learnings from the first winter operation).
Multiple district heating facilities are taking part in the various CoordiNet demonstrations of which three in
Skåne as shown in Figure 22. The flexibility resources contracted to participate in the winter of 2020/2021
in Skåne are listed in Table 4: Summary of flexible resources in the Skåne demonstration (winter
2020/2021).. The number of participating FSP has grown substantially for the second winter season and will
be in total 11 resources and 120 MW, with facilities connected at local DSO and regional DSO levels.
Additional participants can participate winter 21/22.
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Figure 22: District heating plants participating in the Swedish CoordiNet flexibility market for congestion management.
Table 4: Summary of flexible resources in the Skåne demonstration (winter 2020/2021).

Site

SW
Skåne

Flexible Resource

Number

Flexibility volume
(duration)

Voltage
Level

DSO

Bornholm Energi*
Diesel genset

1 facility with
10 gensets

60 MW

Regional
DSO

E.ON
Energidistribution

Uniper Öresundsverket
Diesel genset

1

0,75 MW

Regional
DSO

E.ON
Energidistribution

Kraftringen*
Heat pumps
(district heating)

3 facilities
with 3 pumps

7 MW

Local
DSO

Ystad Energi AB*
Diesel genset

1

0.5 MW

Local
DSO

E.ON Sjölunda*
Heat pumps
(district heating)

1 facility with
4 pumps

15 MW

Local
DSO

Öresundskraft Värme
Electric boiler
(district heating)

3

89 MW

Local
DSO

BEFESA / Scandust
Load control
(industry)

1 facility

18 MW

Local
DSO

Electrokoppar/Elcowire
(aggregator Entelios)
Reduction in copper rod casting and
copper wire drawing processes
(industry)

Multiple
facilities

3,6 MW

Local
DSO

Boliden Begsöe (Vattenfall
Elanläggningar)
Energy storage

1

0.45 MW, 1 MWh

Local
DSO

Kraftringen

E.ON
Energidistribution
E.ON
Energidistribution
Öresundskraft Nät

Landskrona Energi

Öresundskraft Nät

Landskrona Energi

* Participated also in the first demonstration in the winter of 2019/2020
3.3.3. Gotland resource list – congestion management
During the first session the Gotland flexibility market for congestion management had two FSPs who offered
in total 24 MW of flexibility (see [3] for further information and learnings from the first winter operation).
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The smallest of three energy storage facilities in the Swedish CoordiNet demonstration is on Gotland as
shown in Figure 23. The flexibility resources contracted to participate in the winter of 2020/2021 in Gotland
are listed in Table 5: Summary of flexible resources in the Gotland demonstration 2 (winter 2020/2021)..
The number of participating FSP has grown for the second winter season and will be in total four resources
but still 24 MW installed capacity, connected at 10 kV.

Figure 23: Battery storage facilities taking part in the Swedish CoordiNet flexibility market for congestion management.
Table 5: Summary of flexible resources in the Gotland demonstration 2 (winter 2020/2021).

Site

Gotland

Flexible Resource

Number

Flexibility volume
(duration)

Voltage Level

GEAB Värme*
Electric boiler (heating
company)

1

20 MW, min 5 MW
(≥1 hour)

Local DSO

GEAB Värme*
Heating pump (heating
company)

1

4 MW, min 4 MW
(≥1 hour)

Local DSO

Vattenfall Värme
gas turbine
(reserve power)

1

40 MW, min 5 MW
(≥1 hour)

Local DSO

Vattenfall Värme
diesel genset
(reserve power)

1

40 MW, min 5 MW
(≥1 hour)

Local DSO

Whiskyfabriken*
Electric boiler
(Industry)

1

0.25 MW, min 0.05
(2-4 Hours)

Local DSO

Ryftes
refrigeration system
(farm)

1

0.5 MW, min 0.1 MW

Local DSO

Vattenfall Elanläggningar
(Energy storage)

1

0.05 MW, min 0.05 MW,
0.24 MWh

Local DSO

* Participated also in the first demonstration in the winter of 2019/2020
In previous years, the Gotland DSO handled the risk of exceeding import limit by signing a connection
agreement with the district heating companies for use of their heat pump capacity. During 2019 a large 30
meter high accumulator tank was finalized, which is able to store 230 MWh of heat that reduces the number
of hours the heat pump is required to run (burning biomass is the preferred and cheapest solution to produce
the hot water for district heating). This means that the availability of flexibility resources has decreased
but it is still with almost certainty going to be operating during a cold, windless day.
Gotland’s largest industry is a cement factory in the Eastern part of the island. This factory produces the
majority of cement used in Sweden [20]. The factory also produces electricity with a 4 MW turbine as well
as delivering heat to district heating system from surplus heat from the industry processes. The electricity
production is possible since the factory uses approximately 2 TWh of solid fuels per year [21] (a majority of
this fuel have been transferred from coal to biofuels and disposed waste during the last decade). The
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dependence on this production makes the forecasting for the island a greater challenge than in the other
markets and will at times have a significant effect on the volumes of the flexibility market. For future
sessions of the Gotland flexibility market it will be beneficial to include an operation plan for this facility
in order to predict market size for different periods and improve the forecasting accuracy.
3.3.4. Gotland resource list – peer-to-peer market
Starting in fall 2021 a Peer-to-Peer (P2P) market will be operated during the planned maintenance of the
Gotland HVDC cable to mainland Sweden. During this time the curtailment scheme coordinated by Gotland
wind owner’s association will be active. By settling a deal with another flexibility provider that can increase
load on the network they are able to avoid the full curtailment ordered by the DSO at time of congestion.
The actors on the Gotland peer-to-peer market are provided in Table 6,
Table 6: Summary of flexible resources in the Gotland peer-to-peer (planned for spring 2021).

Site

Gotland

Flexible Resource

Number

Flexibility volume
(duration)

Voltage Level

GEAB Värme
Electric boiler (heating
company)

1

20 MW, min 1 MW
(≥1 hour)

Local DSO

GEAB Värme
Heating pump (heating
company)

1

4 MW
(≥1 hour)

Local DSO

Gotland wind owner
association
(wind producers)

1

160 MW
(≥1 hour)

Local DSO

On the production side the actor is Gotland wind producer’s association, Gotlands Vindelsproducenters
förening(GVP). The organization has 97% of the local wind turbine owners as members and has a contract
with each member allowing GVP to regulate the energy produced. GVP has developed a software, vindstyr,
that allows GVP to act as an aggregator for wind. Vindstyr allows new and old wind turbines (roughly 160
MW installed capacity in total and 80MW for old turbines) to be controlled by the local DSO, GEAB. Vindstyr
has been in operation since 2018 and receives curtailment command directly from the DSOs SCADA system.
It is possible to send start and stop orders to most of the connected turbines, this function is used by the
module to control the total powerdecent of the connected turbines. GEAB sends an order for maximum
power, then the software, called Vindstyr, calculates which turbines must be stopped to reduce the power
to the value of the order. To decide which plant to stop first, a priority list is calculated, which takes into
account total lost production due to stop orders from Vindstyr which is standardized to full load hours
(EFLH). EFLH is used to get a decent consistency between plants with different installed power which varies
between 0.25 MW and 2.5 MW. The software also takes into account how long time ago the plant was started
by Vindstyr in order to keep the number of stops down if possible. Full load hours are calculated based on
the plant's anemometer and the plant's wind power curve. Since the response time from sent order to
stopped plant can vary between 30 sec and 10 minutes, the plants are regulated slowly with a ramp of 2MW
/ minute when downregulation and 1MW / minute when upregulation. The regulation takes place with start
/ stop of plant, called a step-by-step regulation. If a plant that produces 1MW receives a stop order, the
next plant will be stopped after 30 sec, then the ramp will be about 2 MW / minute. When GEAB's order
exceeds current production, the plants are started according to a priority list for start. The system acts fast
and in real time. This makes it a good candidate for a P2P market.
3.3.5. Jämtland and Västernorrland
The selected actors listed in Table 7 use the market to trade capacity rights, with a bilateral contract
between them and E.ON to manage the process. The contract covered not only the specifics of how the

GA 824414
Confidentiality: C2 - Internal

Page 43 of 124

D4.1 –Site specific product portfolio to be used in Swedish demo
(including contracts, routines and business models)
trades are made and what the actor commits to, but also that it only applies to what is traded on the
platform. If an actor’s production was to exceed the temporary constraint level plus any obtained capacity,
normal regulations would apply. All the participating actors had this agreement with E.ON (as the grid owner
and CoordiNet platform provider) in order to make these adjustments.
Table 7: Summary of flexible resources in the Jämtland and Västernorrland peer-to-peer market (fall 2020).

Site

Jämtland
Västernorrland

Flexible Resource

Number

Installed Power

Voltage Level

Jämtkraft wind power
turbines

1

78

Local DSO

Uniper hydro power

2

96

Regional DSO

Wallenstam wind power
turbines

2

16,5

Local DSO

Most of the selected assets for the P2P demonstration were found to have existing real-time power metering
available in E.ON SCADA system. This meant that the same integration used for grid substation monitoring
during Demo 1 could be repurposed for passing on readings from SCADA to the platform API. A flow chart
illustrating the data passing from a production facility to the platform is shown in Figure 24.

Figure 24: Illustration of data flow, showing meter power readings being passed on from SCADA to the Flexmarket platform

The selected internal SCADA metering endpoints are polled by a client which is configured to rename the
readings before passing them on via API to the platform. There is some latency between a facility meter
creating a reading to that data being available for blockchain validation (see section 5.2.7), but still within
range of usable real-time performance.
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4. Products identified for the Swedish demonstration
4.1. General product requirements
The EU Electricity Market Directive (2019/944) stipulates that DSOs shall procure flexibility services in
accordance with transparent, non-discriminatory and market-based procedures and coordinate the need
with TSOs. A market consists of different aspects as shown in Figure 25. Within IEC 62325, used as
information model within the Nordic market exchange, aspects are divided into; defining role (FSP, DSO
etc.) in the structure, plan (what can/will be operated), trade (bids and prices), the operation of the market
(merit order, closure bid), measure for settlement of market payments and providing the information basis
for the billing.

Figure 25: Subdivision of a market into different aspect, according to IEC 62325 energy market communications standard, used
by European TSOs.

Also a local flexibility market needs to cover most of the aspects in Figure 25, although the local nature of
a flexibility market and the limited number of actors means that the process can be less automated (and
standardized) than required at national and European level.
A general assessment of regulation and market design in Sweden is available in D1.1 [22]. The definition of
products has been addressed in a general manner in CoordiNet deliverable D1.3, defining general parameters
and the definitions for the project [1].
With CoordiNet the aim was to set up standard products for each of the grid services identified in Figure 26.
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Figure 26: Products for grid services defined within D1.3. Reproduced from [1] with products in Swedish demonstration outlined

CoordiNet deliverable1.3 [1] identified product attributes based on the attributes defined in the European
network codes, taken from literature or real examples and/or a result of discussions among the project
partners. Guiding principles in the definition of CoordiNet projects were:
• Technology-neutrality: to define the product characteristics for the different products in a way
that is not targeted for a specific type of DER. The principle of technology-neutrality is also
paramount to the overall EU energy framework and EU network, easing the further market
integration of all types of connected DER.
• Aggregation will be allowed wherever possible, so that a portfolio of DER is able to deliver the
different services.
• The minimum quantity or bid size will be set at 100 kW or 1 MW (in case of active power) for most
services to lower the thresholds for DER to participate to the market, wherever possible.
• Asymmetric products, i.e. not requiring both upward regulation and downward regulation, volume
can be provided. Asymmetric products are allowed wherever possible so that all types of
flexibility, including loads, can participate on an equal footing.
• Divisible bids will be strived for, allowing system operator to use only part of the bids offered by
the service provider.
When describing and understand a flexibility market product it is also useful to separate between
different market phases depicted in Figure 27.

Preparation and
prequalification

Procurement
and bidding

Activation and
settlement

Figure 27: Market Phases according to D1.3 [1]

4.1.1. Market timing and coordination between markets
From the aggregator’s bidding perspective, two main market types are identified in CoordiNet, namely dayahead operated in the first winter of 2019/2020 and intra-day to be tested in winter 2020/2021. This is in
addition to the traditional reserves operated as long-term bids, which are also to be integrated in the
CoordiNet demonstration. The distinction between these forms of flexibility contracts is largely linked to
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the procurement cycle but also to the distinction between capacity and energy products, which will be
described in section 4.1.3. All CoordiNet markets are designed to fit into the schedules of the existing energy
markets. Through the developed TSO-DSO cooperation framework the CoordiNet local day-ahead market
closes at 10:00 and the regional DSO market at 10:30, ahead of the national day-ahead market that closes
at 12:00.
The goal is to clear flexibility as much as possible day ahead. However, after closure of the CoordiNet
market the load forecast is updated hourly. If the new forecast or unforeseen changes in network, load or
production, result in the subscription limits being exceeded, additional flexibility may be cleared on the
CoordiNet intraday market. The intraday market opens after the TSO FCR market has closed at 15:00 and is
available until two hours before delivery time. After closure of the national day-ahead market and one hour
before delivery hour, CoordiNet bids not cleared in local or regional DSO flexibility markets for congestion
management may be forwarded to the mFRR market as shown in Figure 28. Forwarding to the mFRR market
requires pre-qualification of each flexibility resource individually without any aggregation allowed.

Figure 28: Market closure times in Swedish demonstration.

The control room operators have instructions to clear flexibility bids at a cost lower than temporary
subscription rates, when temporary raise of subscription is granted (see Annex A). If a temporary
subscription raise is not granted by the TSO, the operators are instructed to buy more expensive flexibility.
In addition, this temporary subscription may also be requested on behalf of reserved (long-term) bid
providers. This allows the flexibility provider to pay for a TSO raised subscription, instead of being curtailed
in accordance to the contractual agreement with the DSO. An example of this is the district heating
companies that have been awarded fixed payment in availability contracts or beneficial network tariffs, in
exchange of granting a DSO the right to curtail their electricity use under specific circumstances. In this
case the district heating company can avoid switching their heat pump to a non –electricity-based heat
source. Instead, they will pay the cost associated with temporary subscriptions they have utilized.
4.1.2. Product attributes
In CoordiNet common attributes for different services are proposed, so that they could be traded on the
same market (e.g. for congestion and balancing). The common list of attributes introduced in D1.3 is shown
in Figure 29.
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Figure 29: Representation of product characteristics based on (ENTSO-E, 2018a) and reproduced from [1]

The numbered attributes in Figure 29 are defined as:
1. Preparation period: The period between the request by the SO and the start of the ramping
period.
2. Ramping period: The period during which the input and/or output of power will be increased or
decreased until the requested amount is reached.
3. Full activation time: The period between the activation request by the SO and the corresponding
full delivery of the concerned product.
4. Minimum/maximum quantity: The power (or change in power) which is offered, and which will be
reached at the end of the full activation time. The minimum quantity represents the minimum
amount of power for one bid. The maximum quantity represents the maximum amount of power
for one bid.
5. Minimum/maximum duration of delivery period: The minimum/maximum length of the period of
delivery during which the service provider delivers the full requested change of power in-feed to,
or the full requested change of withdrawal from the system.
6. Deactivation period: The period for ramping from full delivery to a set point, or from full
withdrawal back to a set point.
Other terms defined in D1.3 include:
7. Granularity: The smallest increment in volume of a bid.
8. Validity period: The period when the bid offered by the FSP can be activated, where all the
characteristics of the product are respected. The validity period is defined by a start and end
time.
9. Mode of activation: The mode of activation of bids, i.e. manual or automatic. Automatic
activation is done automatically during the validity period (with little or no direct human
control), whereas a manual activation is done at the request of the SO.
10. Availability price: Price for keeping the flexibility available (mostly expressed in € /MW/hour of
availability)
11. Activation price: Price for the flexibility actually delivered (mostly expressed in € /MWh)
12. Divisibility: The possibility for a system operator to use only part of the bids offered by the
service provider, either in terms of power activation or time duration. A distinction is made
between divisible and indivisible bids.
13. Locational: This attribute determines whether certain locational information needs to be included
in the bid (e.g. identification of Load Frequency Control (LFC) area, congested area...)
14. Recovery period: Minimum duration between the end of deactivation period and the following
activation.
15. Aggregation allowed: This attribute determines whether a grouped offering of power by covering
several units via an aggregator is allowed.
16. Symmetric/asymmetric product: This attribute determines whether only symmetric products or
also asymmetric products are allowed. For a symmetric product upward regulation volume and
downward regulation volume has to be equal.
The above attributes and terms are used in the tables to describe each product in Sections 4.3 to 4.6.
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4.1.3. Product types
For an energy market it is common to distinguish between capacity products and energy products [1]. This
is for example highlighted by the guideline on electricity balancing (EBGL) [23]. In the Swedish demo the
balancing services provided to the TSO through mFRR is a pure energy product. For the local flexibility
markets two types of business models have been identified for the products corresponding to these types of
energy markets. Within the Swedish demo both congestion management reserved and congestion
management non-reserved (free bids) are considered, which are both capacity products, and have been
defined in D1.3 [1]:
• Congestion management reserved: This is a capacity-based product procured for congestion
management services which is then activated when the service is needed and called upon by the
relevant system operator, having an availability remuneration and activation price. This product is
defined to cope with structural constraints. An example of this is Long-term Bids described in
Section 4.3.
• Congestion management non-reserved: This is an energy-based product procured for congestion
management services at an energy price, through free bids with an activation price per MWh (most
likely to be procured closer to delivery given the fact that it is energy based). This product copes
with sporadic constraints. Examples are the day-ahead and intraday bids described in Sections
4.4.2 and 4.4.3.
The pros and cons of the two methods are provided in Table 8.
Table 8: Pros and cons of considered business models for flexibility products.

Business model

Pros

Cons

Congestion management
non-reserved
(”Free bids”)

No commitment to deliver
flexibility
Price set freely by FSP

No guaranteed income

Congestion management
reserved (”Availability
contract”)

Guaranteed income

Required to be available to supply
flexibility according to contract

It should be noted that congestion management is small volume compared to the amounts traded on the
day ahead market. For the winter of 2019-2020 the average load was 77% of the subscription level for the
83 days the market was open. This means the procured flexibility was less than a percent of the total
electricity consumption. This fraction will differ from year to year but even under a so called “ten-year
winter” with unusual cold weather the trades related to grid constraint will not be more than a few percent
of the volume of wholesale electricity sales.
4.2. Identification of grid needs and impact factors
4.2.1. Grid need
The grid needs are identified for each grid owner and grid level separately. In Sweden capacity is calculated
according to the “n-1 criteria”: one big failure in the grid has to be accounted for in a ten-year horizon for
winter and summer scenarios. As described in Chapter 2 the subscription level was used when defining the
grid need for congestion management. In areas where the subscription level for a transformers or group of
transformers cannot be raised (for net planning) or not exceeded (during grid operation) this level is used
in defining the grid need for congestion management.
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The grid need theoretically also could be a dimensioning criteria, like thermal transfer capacity or power
quality demand for a distribution transformer or a power line in the DSO grid. However, in the Swedish
demonstration only the overlying grid is used as a capacity constraint.
4.2.2. Annual process to determine required grid need
The grid need is measured in the volume of flexibility required in the congestion management markets. The
yearly process focuses on analysing the demand and produce production plans for the year. This is a common
process for all the products described in this chapter.
In addition to the DSO assessment of grid need all flexibility providers need to determine the level of
flexibility that they want to participate with, be prequalified by meeting conditions e.g. technical
requirements, and finally be equipped with IoT-devices to enable measuring Figure 30 below shows the
yearly process in an overview.

Figure 30: Overview of yearly process steps for the Grid Congestion Management Capacity Day ahead market.

Initially in the yearly process, products being used in the regional markets are revised. This is done by the
TSO, regional and locals DSOs. Decisions are made on what products are to be used and each product´s
conditional prequalification’s. To revise products, the regional and local DSOs also collect input, evaluate
grid and flexibility need.
The market need for flexibility services is communicated to the CoordiNet market by the grid operators,
overlaying grid operator included. See Figure 31 below.

Figure 31: Detailed view of yearly process steps for the Grid Congestion Management Capacity day ahead market (Part 1).
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Each flexibility provider participating on the flexibility market needs to set a level of how much flexibility
they can contribute with to the market. This is done in collaboration with the responsible balancing partner.
Together with the amount of flexibility that can be provided to the market and the assessment of the
regional market information, the actual amount of flexibility that is to be offered is decided. To prequalify,
the flexibility provider reviews the prerequisites for participating, among which are technical requirements
and costs involved. The balancing responsible party is informed that the flexibility providers intends to apply
to the flexibility market.
The flexibility provider is approved to the day ahead and intraday capacity market and the participation is
formally settled in a contract. On a TSO level, the flexibility provider is approved to participate in the
reserve market, mFRR. After being approved, metering is ensured at each energy resource contracted with
each flexibility provider (metering devices are deployed where needed). The grid operators calculate the
impact factor for each flexibility provider relative to the grid need. To prepare the platform for the
approved flexibility providers, the CoordiNet market platform is configured to enable users and if needed,
IoT devices are deployed to enable metering. See Figure 32 below.

Figure 32: Detailed view of yearly process steps for the Grid Congestion Management Capacity Day ahead market (Part 2).

4.2.3. Impact factors
At higher voltage levels, an electricity level is normally not radial. This means power can be fed (flow) to a
user from multiple power lines and cables. Decreasing or increasing consumption in one point will then
affect the flow in multiple overlying points in the network. So, if the aim for example is to decrease the
flow in Substation, e.g. with one MW, customers making the same load reduction in different locations in
an underlying grid may have different influences (impact) on substation A power flow. As the aim of the
congestion management is to reduce congestion at substation Am it is therefore not a fixed volume of
flexibility that is required from any customer, but a volume that is different for each customer but has the
same impact on the flow to the substation. Certain locations are more favourable for the DSO to buy one
MW of flexibility from and this is reflected in the price they are willing to pay for a given volume of
flexibility.
Within the Swedish demo a series of studies were performed to determine how flexibility would influence
the power flow at the connection points between regional DSO and TSO, as well as between local DSO and
regional DSO.
An impact factor is derived similar to the Power Transfer Distribution Factors (PTDF) used by ENTSO-E in
flow-based capacity calculation methodology for the day-ahead market [24]. The 70 kV regional network is
meshed and operated with multiple paths for the electricity to flow. The power flow needs to be solved for
relevant load situation in all nodes of 70 kV to say where the power flows and which of the two 220/70 kV
TSO station is affected. The network analysis department for regional networks has a PSSE power system
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model of the 70 kV network with its TSO connection points. The load of each primary substation (70/20 or
70/10 kV) is taken from measurements (5 minutes resolution) on the relays of the outgoing feeders or
summed up using simultaneous factors of the max load as stored in the network information system. The
DSO/TSO connection points are taken as critical network element, with a winter high load scenario taken
as reference flow case. For each of the dozen 70 kV substations, a change of load on top of peak load is
made and the resulting power decrease at each of the two TSO connections. For example, if a ten MW load
reduction at an FSP has an effect of 6 MW on a DSO/TSO connection point the impact factor is taken as 60%.
Neglecting losses and with two connection points as in Uppsala, the impact factor of the other connection
point would then be 40%.
A similar case is the production. A total of 60 MW flexible production was included from a 125 MW
hydropower plant situated 150 km North of Uppsala and will under normal network operation reduce the
power outtake at the TSO connection point 1 with 1/7th of the production. The second TSO connection point
to Uppsala will on the other hand only be reduced with 1/25th of the production, with the rest of the power
affecting flow in substation elsewhere outside of the CoordiNet flexibility market. An illustration of the
impact factor for two equally sized flexibility providers is shown in Figure 33.

Figure 33: Impact factor vs flexibility size for two resources in the Uppland demonstration.

The impact factors are used in the market platform. Each FSP is configured with an impact factor for every
substation on the border of the market. Figure 34 is extract of a figure in CoordiNet deliverable D4.4 [25]
and shows the operator view with market prices adjusted for the impact factors.

Figure 34: Recommended bids view with list of bids price of bids with and without impact factor adjustment.

If 12 MW of flexibility is cleared it is calculated that 7,32 MW load reduction will result in the substation.
This corresponds to an impact factor of 0.61. Also, the FSP cost of flexibility is re-calculated for the grid
operator: if the FSP requests 1,000 SEK per MW but the cost for the DSO to reduce the flow at the substation
by one MW will be 1639 SEK, due to the need to use 1.639 MW to obtain a one MW reduction of the power
flow at the point of congestion. It is this latter impact factor adjusted cost that the DSO will compare to
the cost of surpassing the subscription level. (When permission is granted by TSO to surpass the normal
subscription limit the DSO may conclude it is cheaper to not buy flexibility and instead pay the penalty to
the TSO.)
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The impact factor will affect merit order on the market such that it is the combination of price/MW and
location in form of impact factor which together will decide in which order bids will be cleared. To ensure
a transparent market the impact factors for the various substations in a flexibility market should also be
published openly as they determine the merit order of cleared bids.
4.3. Congestion management – reserved (long-term bids)
In the occurrence of grid connection issues, the conventional approach would be to limit the connections
either by creating a connection queue or by exerting non-firm access that would allow the DSO to curtail
grid users connected to their grid. Besides non-firm grid access, or a flexible connection capacity, some
DSOs started to procure flexibility services to re-dispatch the system at the level of distribution grids. As
the energy transition is gaining momentum, solving congestion issues should not only be done by means of
grid constraints but could also be done by means of activation of flexibility. [1]
In later years these special tariffs that are conditional to providing capacity (load curtailment) on request
have been further developed as a means to handle urgent capacity issues in specific areas.
The regional DSO in Sweden has a subscription level towards the TSO as described in CoordiNet deliverable
4.5 [3]. There is also a routine in place for temporary subscription activation where the regional DSO emails the TSO for weekly temporary subscriptions (SUSIE). This process will be integrated in the CoordiNet
platform and tested in the Swedish demonstration of the second winter (2020/2021). The local DSOs in their
turn have a subscription level towards the regional DSOs. If the level is exceeded there is a higher fee to be
paid to the regional DSO.
Long-term bids are in the form of availability agreements where the FSP grants the DSO – in compensation
for payment –the right to control load or production based on the grid status, The Swedish Energy Market
Inspectorate allows these agreements to be utilized as reserves during capacity shortage in the grid.
The long-term bids are essentially a capacity product. Capacity refers to a volume of reserve capacity that
a flexibility service provider has agreed to hold and in respect to which the flexibility service provider has
agreed to submit bids for a corresponding volume of balancing energy to the TSO for the duration of the
contract. A capacity product is therefore an insurance for a system operator to activate real time energy
when needed. Energy itself is thus only activated when needed (for instance when imbalance occurs) [1].
The long-term bid products are procured with individual requirements for each resource. For a larger
industrial or district heating company’s electric boiler, the DSO typically requires availability of control
command of 99%. Payment may be given in the form of a discounted grid tariff.
Traditionally the long-term bids are a type of flexibility that acts as an emergency valve in case of failure,
which is handled manually by the control room when the grid is in abnormal operation. In dealing with
bilateral contracts between consumers and producers of flexibility, compliance management and careful
planning is necessary to ensure integration with future grid development. Without this support structure,
bilateral contracts would result in very time-consuming and manual work. To avoid the administrative
burden of an increased amount of smaller-scale agreements more dynamic strategies are required.
4.3.1. Attributes
Characteristics of reserved bids are provided in Table 9.
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Table 9: Attributes of the congestion management reserved (long term bids).

Attribute

Value

Preparation period
Availability

Day-Ahead: Bids submitted 9:30 day before. Information of cleared bid after 10:30 the
day before delivery. Intra-Day: clearing two hours before delivery time
99%

Ramping period

None

Full activation time

None

Minimum quantity

Minimum 1 MW

Maximum quantity

Not defined

Deactivation period

None

Granularity

None

Minimum duration of
delivery period
Maximum duration of
delivery period
Validity period

60 min

Mode of activation

Manual by FSP, API or text message and e-mail notification

Availability price

Differs depending on type of contract and resource type

Activation price

Fixed price (according to contract)

Divisibility

Yes

Location

Yes

Recovery period

No

Aggregation allowed

Yes

Product Symmetry

No, only up-regulation (load reduction)

Verification cleared
bid

Data from real-time metering received from EDIEL1. FSP resource time-series is compared
to baseline (means for validation of aggregated resources and batteries is under further
investigation).

No limit
By contract normally all hours yearly or all hours Nov-March or defined hours Nov-March

The congestion management reserved bids are placed in the same merit order list as the non-reserved
congestion management bids.
4.3.2. Process
Certain DSOs in Sweden have historically had tariffs that allow them to disconnect specific (larger)
customers. The agreement can grant the DSO both the right to request load reduction (load curtailment)
and right to control production. Both are a form of congestion management with reserved (long term) bids.
Reserved bids have been used in Vattenfall since 2016 but have not been used in E.ON until CoordiNet. At
Vattenfall the bilateral agreement with a significant grid user has been created when the need has been
identified.
E.ON has launched availability contracts for the second winter demonstration (2020/2021) to complement
the free bids on their flexibility markets for congestion management. Following the first winter season
operation of flexibility markets for congestion management it was observed that the weather dependence
of this product meant a large insecurity as to what income the market may provide an FSP. To mitigate this

1

EDIEL is a format required to be used for electronic communication between network owners in Swedish
metering regulation. For more information see [44].
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uncertainty, and ensure a sufficient amount of bids are placed on the market, availability contracts have
been proposed.
E.ON fixed capacity element are as outlined in Table 10. The product allows for different types of FSP by
defining products with different availability requirement in high load periods (weekdays between 06 and
20), as shown in Table 10.
Table 10: Capacity and energy content proposed for Skåne flexibility market for congestion management, winter 2020/2021.

Availability
(week-days 06-20)

Fixed capacity compensation

Energy compensation

Min 33%

40 000 SEK

Agreed self-cost price* + 500 SEK/MWh

Min 50%

65 000 SEK

Agreed self-cost price* + 500 SEK/MWh

Min 66%

100 000 SEK

Agreed self-cost price* + 500 SEK/MWh

* self-cost price is presented by FSP and negotiated with DSO at time of contract signing
The amount of flexibility required through reserved bids was also communicated through E.ON´s webpage
prior to the selection process of FSP.
Vattenfall has considered an introduction of availability contracts within the CoordiNet project. However,
as three bilateral contracts already are in place with significant grid users the need was not imminent.
However, the FSP request for availability contracts, to minimize economic uncertainty with weather
dependent volume, has been noted and is planned to be included in the CoordiNet inspired market in
Stockholm that will also start in November 2020. This market is set up with SvK and the third major DSO in
Sweden, Ellevio, under the name sthlmflex [26]. In the sthlmflex market availability contract is procured
with fixed price of 560 SEK/MWh for cleared bids, but with competition for availability price where the
cheapest bidders are contracted to provide the flexibility.
Both the CoordiNet/sthlmflex availability contracts and traditional bilateral agreements for special tariffs
with significant grid users require a similar processes. The CoordiNet process for reserved bids is preliminary
both in terms of how its procurement is organised and the regulatory permission to operate the markets.
The process has the following steps:
1. Identify grid need
2. Make business decision as to procuring flexibility
3. Reach out with information about the need to potential FSPs
4. Initiate dialogue with FSP
5. Selection process of interested participants and suitable significant grid users.
6. Contract is signed
4.4. Congestion management - non-reserved (free bids)
Through the stakeholder interactions (covered in D4.5 [3]) the agreement with the energy industry in
Sweden is to act as much as possible on the day-ahead market, putting effort into improving forecasting
and planning to minimize the required intraday volume. An overview of the operational process for dayahead congestion management is provided in Figure 35.
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Figure 35: Overview of operational process steps for the congestion management capacity day-ahead market.

The regional day-ahead market is from the second demonstration in winter of 2020/2021 and complemented
with an intraday market in Uppland and Skåne. The intraday market is primarily to be used during abnormal
grid operation. The intraday market requires fast response and FSP resources need to be activated within
15- and 60-minutes time. The CoordiNet local capacity intraday market will be a continuous market with
trading possible at any time from 15:00 the day ahead until two hours before the day of delivery. An overview
of the intraday market is provided in Figure 36.

Figure 36: Principle of the intraday market proposed for 2020 (preliminary).

Attributes of non-reserved bids on the day-ahead and intraday market are similar and provided in Table 11
of Section 4.4. 1.
4.4.1. Attributes
The day-ahead market was in the first winter season of 2019/2020 a pure energy product. Energy here refers
to a service that can be used immediately by the procuring entity (for instance, balancing energy is energy
that can be used by TSOs to perform balancing) (Article 2 (4) (European Commission, 2017a)). Attributes of
the day-ahead market in the Swedish flexibility markets are provided in Table 11.
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Table 11: Attributes of the congestion management non-reserved.

Attribute

Value

Preparation period
Availability

Day-Ahead: Bids submitted 9:30 day before. Information of cleared bid after 10:30
the day before delivery
Intra-Day: clearing two hours before delivery time
Availability as bid

Ramping period

None

Full activation time

None

Minimum quantity

1 MW (for innovation lower)

Maximum quantity

Not defined

Deactivation period

None

Granularity

0.1 MW

Minimum duration of delivery
period
Maximum duration of delivery
period
Validity period

60 min

Mode of activation

Manual by FSP, API or text message and e-mail notification

Availability price

No2

Activation price
Divisibility

To be defined. Pay-as-cleared winter 2019/2020 (all FSP receive price of highest
accepted bid)
Yes

Location

Yes

Recovery period
Aggregation allowed

No requirements set (FSP may configure recovery period in market platform)
Yes

Product Symmetry

No, only up-regulation (load reduction)

Verification cleared bid

Different methods under evaluation, see section 5.3

According to cleared bids day before (may bid up to 24 hours per day)
Not defined

4.4.2. Process day-ahead
As for long-term bids, the process objective of the free bids is to provide flexibility for grid operators, local
and regional DSOs, to meet demand of power when subscription limits toward overlaying grid are at risk to
be exceeded. Bids offered by the flexibility providers are called/ordered by the grid operator and activated
on the stated activation time. This is done either on a day ahead basis or intraday, depending on when the
demand arises.
See Figure 37 below for overview of the operational process.

Figure 37: Overview of operational process steps for the Grid Congestion Management Capacity Day ahead market.

2

Compensation for availability can be received by reserved bid. See section 4.3.
GA 824414

Confidentiality: C2 - Internal

Page 57 of 124

D4.1 –Site specific product portfolio to be used in Swedish demo
(including contracts, routines and business models)
In the operational process, bids are provided by the flexibility providers that are called for by the grid
operators when demand arises. By analysing, on an operational basis, the expected load using production
plans and load forecasts together with weather forecasts, maintenance information and operator mode, a
possible need for power will arise. In producing the load forecast, metering data from the grid and flexibility
providers together with production plans are collected in the platform and added to the forecast. The load
forecast is presented with real time data.
See Figure 38 below for a detailed view of the operational process.

Figure 38: Detailed view of operational process steps for the Congestion Management Capacity day-ahead market (Part 1)

The flexibility providers send bids to the market having calculated and decided on costs. The available flex
that can be provided is presented as bids in the platform, with recommended bid (best price). On the day
ahead market bids must be available and called for between 09.00 and 09.30 am in order to be activated
between 9.30-10.00 am (by local DSO) and 10.00-10.30 am (by regional DSO) for the next day.
The day ahead forecast, grid need, and recommended bids are presented on the platform. The operator
analyses tomorrow´s grid need, and reviews recommended bids. If the ordinary subscription limit risks being
surpassed, the regional DSO applies for a temporary subscription to the overlaying grid. Thereafter grid
operator decides to order flexibility services. The flex market tool will propose the volume of flexibility to
curtail. If the temporary subscription is granted is sufficient, bids with impact factor correlated price below
subscription level cost will generally be accepted. Higher priced bids will be accepted when a temporary
subscription has been denied. The actual amount to be cleared is calculated by the flex market platform
and bids are cleared strictly according to the merit order. (Functionality for DSO operators to override merit
order and select other bids exist, but is only used in the case of suspected erroneous data or when operators
know of FSP unavailability or grid constraints not accounted for by the flexibility market platform).
When a bid is called for (cleared), the flexibility provider is notified to activate the bid by reducing
consumption of the relevant flexibility resource. Bids that still are unused the next day (Intraday) are
forwarded by local DSO to the regional DSO. If bids are unused by the regional DSO, they are forwarded to
the mFRR market. See Figure 39 below.

Figure 39: Detailed view of operational process steps for the Congestion Management Capacity Day ahead market (Part 2).
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If activation is not possible, the grid operator is to be timely notified by the flexibility provider. The platform
summarizes purchased flexibility per flexibility provider and grid operator. The plan is to generate monthly
reports. A specification is provided to the flexibility provider enabling settlement of claims with each
operator. See Figure 40 below.

Figure 40: Detailed view of operational process steps for the Congestion Management Capacity Day ahead market (Part 3).

4.4.3. Process intraday
Activity on market is initialized by alarms based on short term forecasts predicting deviations. Unused bids
from day-ahead market may be configured to be forwarded to Intraday, or new bids are provided by the
flexibility providers. Participation on intraday market requires fast response where flexibility needs to be
activated between 15 and 60 minutes after clearing. Participation on intraday therefore also requires that
the FSP have appropriate processes to allow such fast activation.
These bids are called for by the grid operators. regional DSO also applies for a temporary subscription to
overlaying grid.
The flexibility providers send bids to the market having calculated and decided on costs. Bids may be
submitted with minimum bid duration, lead time before delivery, a cooldown period before new bid can be
cleared and an endurance period during which flexibility can be provided. The available flex that can be
provided is presented as bids in the platform, with recommended bid (best price based on pre-calculated
impact factor/estimated load reduction at grid point with congestion). On the intraday market bids are
available until two hours before the day of delivery. The Intraday market terminates two hours before
delivery hour in order to not interfere with the national Intraday market that closes one hour before
delivery. Bids are called for by the grid operator and confirmed in the platform. See Figure 41 below for
detailed view.
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Figure 41: Simplified view of operational process steps for the Congestion Management Capacity Intraday (Part 1).

When a bid is called for, the flexibility provider is notified to activate the bid by reducing consumption of
relevant flexibility resource.
If bids are unused by the regional DSO intraday market, they may be forwarded to the mFRR market, under
condition that the resource has been prequalified by the TSO and that bid size is 1 MW or larger. If activation
is not possible, the grid operator is to be timely notified by the flexibility provider. Every month the platform
will summarize purchased flexibility per flexibility provider and grid operator. A specification is provided to
the flexibility provider, enabling settlement of claim with each operator.
See Figure 42 below for detailed view.

Figure 42: Detailed view of operational process steps for the Congestion Management Capacity Intraday (Part 2).
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4.5. Congestion management – peer to peer market
The peer-to-peer market is open for all flexibility providers that meet pre-qualification criteria. This market
enables optimization of resources by trading capacity between producers without any intermediate part.
DSOs provide the market platform but is otherwise not an active part in the market.
Geographical areas for the market are initially the island of Gotland which is connected to Vattenfall
Eldistribution regional grid (see Section 2.4.1) and Västernorrland and Jämtland (see Section 2.5).
The primary actor in this process is the Flexibility provider. In both cases congestion may occur due to excess
production. The use cases are slightly different in the two demonstrations.
• On Gotland the purpose of P2P trading is for the wind power to produce more during curtailment
periods by initiating additional electricity consumption to mitigate the surplus of production.
Although curtailment of wind production may occur during the entire year it is during the HVDC
links revision that curtailment is most likely to occur. The P2P actors will be the Gotland wind
producer’s association and the local district heating unit. The DSO gives information on
curtailment periods and is not a part of the peer-to-peer market.
• In Västernorrland and Jämtland a P2P market is also created as a way of handling congestions in
the grid during planned maintenance. The actors here are only producers, which within this area
mostly consist of hydro and wind power producers. The commodity that actors trade on the
market was set as “grid space”, i.e. excess capacity. Either the wind producer will sell unused
capacity when the wind is not strong, or the hydro plant may opt not to produce up to its
curtailed capacity limit if the capacity can be sold to the wind producer, that otherwise would
have to reduce production. The market here is setup around two periods of planned maintenance
on the TSO part of the grid, leading to limitations on power levels. These constraints are planned
for late summer/autumn of 2020.
The differences in the peer-to-peer markets in Gotland and Västernorrland and Jämtland are illustrated by
Figure 43 and Figure 44.

Figure 43: Illustration of two flexibility providers acting on a Västernorrland and Jämtland P2P market during a temporary
constraint, showing capacity trading and the relation to subscription levels.
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Figure 44: Illustration of two flexibility providers acting on Gotland P2P market during a temporary constraint, showing increased
consumption to equal non-executed DSO curtailment command, and the relation to subscription levels.

4.5.1. Attributes
The peer-to-peer market is a variant of the flexibility market for congestion management using a distributed
rather than multi-level market model (see Section 5.1). The market operates continuously as far as the
market platform is concerned but participants may agree on specific deadlines for placing of buy and sell
bids for practical reasons. It is an energy only market. Attributes of the peer-to-peer market in the Swedish
flexibility markets are provided in Table 12.
Table 12: Attributes of the peer-to-peer markets.

Attribute

Value

Preparation period

Continuous market with deadline for bids

Availability

As bidded

Ramping period

None

Full activation time

None

Minimum quantity

0,1 MW

Maximum quantity

Not defined

Deactivation period

None

Granularity

None

Minimum duration of
delivery period
Maximum duration of
delivery period
Validity period

60 min (on average)

Mode of activation

Manual by FSP

Availability price

None

Activation price

Pay-as-bid

Divisibility

Yes

Location

Yes

As decided between peers (may be as long as maintenance period)
During maintenance periods in the DSO or the TSO grid

GA 824414
Confidentiality: C2 - Internal

Page 62 of 124

D4.1 –Site specific product portfolio to be used in Swedish demo
(including contracts, routines and business models)
Recovery period

Not defined

Aggregation allowed

Yes

Product Symmetry

Gotland: Up-regulation (production increase) peered with Down-regulation (load
increase)
Västernorrland and Jämtland: Up-regulation (production increase) peered with Downregulation from another production unit (production decrease)
Under evaluation

Verification cleared bid

4.5.2. Process
The yearly process starts off with the grid operator´s producing plans for the yearly flexibility demand and
planned maintenance. Based on this and the revision of capacity products, business decision regarding
flexibility need is made. This is announced on the regional market. With this market information, the
flexibility providers can determine the level of flexibility that can go with into the market. Each flexibility
provider is pre-qualified for the peer-to-peer market when approved by grid operator. The overlaying grid
operator and BRP inform the market about market participants i.e. pre-qualified flexibility providers. See
Figure 45 below.

Figure 45: Overview of yearly process steps for the Grid Congestion Management – Peer-to-peer trading.

In order to identify capacity needs on an operational level, production plans need to be produced
regularly/monthly by each flexibility provider. Grid operators also need to send market information with
planned maintenance. The BRP assesses the current market situation.
Depending on the capacity needs, trading takes place and the outcome is updated by the BRP on the spot/ID
markets. The outcome is also integrated in new production plans. See Figure 46 below.
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Figure 46: Overview of operational process steps for the Grid Congestion Management – Peer-to-peer.

Trade can occur when the determined capacity need and the congestion introduced by the DSO, trigger a
decision to buy or sell. Each flexibility provider determines the flex that is required or is to be offered to
the market. The requirement/offer is submitted on the market platform and made available as bids. These
bids can then be analysed and selected. When a sell bid is called for by a purchase bid, a match is made,
and the market is cleared. In clearing the market, a confirmation of the transaction is sent to the buying
and selling flexibility provider respectively.
The BRP updates information on the Spot/ID markets about the trade. The selling flexibility provider
activates its resource. If activation is not possible, the buying flexibility provider is to be timely notified.
Each month the platform will summarize purchased flexibility per flexibility provider. A specification is
provided to the selling flexibility provider enabling settlement of claims with the buyer.
See Figure 47 below for a detailed view.

Figure 47: Detailed view of operational process steps for the Grid Congestion Management – Peer-to-peer.

4.6. Balancing – forwarding of bids to mFRR market
“Balancing” means actions and processes through which the TSOs ensure the maintenance of system
frequency within a predefined stability range, as set out in Article 127 of Regulation (EU) 2017/1485 [27].
The system responsible in Sweden is the TSO, Svenska kraftnät, who both is responsible for keeping balance
in the grid and operates the national balancing markets. Today the markets are manual frequency
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restoration reserves, mFRR (Nordic energy activation market), automatic restoration reserves aFRR
(capacity market), as well as two products for frequency containment reserves; FCR-N for normal operation
and FCR-D for disturbances. A new Fast Frequency Response (FFR) was also initiated starting in June 2020.
Timespan of the various Nordic balancing products, except FFR, is shown schematically in Figure 48.

Figure 48: Activation sequence of different ancillary services for balancing after an event (e.g. loss of production). The figure
shows the relation between balancing services that are activated to contain frequency (FFR, FCR-D) and restore frequency (aFRR,
mFRR).

The amount of balancing capacity required is defined for the entire Scandinavian synchronous area and then
each TSO is assigned a given part of this volume to handle within their respective national markets.
Characteristics and typical volumes of the balancing products in Sweden are provided in Table 13.
Table 13: Comparison of the different Swedish balancing products.

Characteristic

FCR-N

FCR-D

FFR

aFRR

mFRR

Continuous to
keep frequency
within 49.9-50.1
Automatic,
based on
frequency
63 % within 60s
and 100% within
3 min

Activated for
frequency
between 49.9
to 49.5
Automatic,
based on
frequency
50% within 5s
and 100% within
30s

Activated when
frequency is below
49,5, 49,6 or 49,7
Hz
Automatic, based
on frequency

Activated
automatically to
restores frequency
to 50 Hz
Automatic, based
on control signal

Activated
manually to
restore frequency
to 50 Hz
Manually by TSO

0.7, 1 or 1.3
seconds (depending
on prequalification)

100% within 120s

Required national
capacity 2020
[MW]
Min Bid size [MW]

240

570

70
(Jun-Sept 2020)

140

100% within 15
min (longer time
is currently
allowed)
See Table 14 for
typical volumes

0.1

0.1

0.1

5

Symmetric
production (Up
and/or Down)

Yes

Only up

Only up

One or two days
prior to
operation

One or two days
prior to
operation

Capacity and
Energy

Capacity

Yearly procurement
and purchased
twice per week
(Mon and Fri)
Capacity

No (Up and down,
one direction at a
time)
Once a week

Activation
Activates
Response time

Time frame for
clearing
Remuneration
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Flexibility bids for load congestion management are for decreasing load which corresponds to up regulation
(the direction of the regulation is defined with reference to the frequency). Average volumes for Sweden of
the mFRR market are given in Table 14.
Table 14: Volumes of Swedish mFRR market for 2018 and 2019.

Characteristic

Value

Activation hours /year (Up regulation=power increase)
Activation hours /year (Down regulation=power decrease)
Average activated (Up) [MWh/h]

3802 hours
(2018)
4477 hours
(2018)
56 MW (2018)

57 MW
(2019)

95 MW (2018)

Average activated (Down) [MWh/h]

125 MW
(2019)

Max activated (Up regulation) [MWh/h]
Max activated (Down regulation) [MWh/h]

1772 MW

857 MW

(2018)

(2019)

1218 MW

1496MW

(2018)

(2019)

In the past, balancing services were solely reserved for significant grid users, typically provided by
centralized, flexible power plants and large industrial consumers. As the share of large scale central
generation plants decreases, it has become clear that transmission grid connected flexibility alone will not
solve the equation [1]. Better competition in the market is also possible by allowing smaller units and also
consumption units to act in the market. The recognition of system inertia as only one of several ways to
provide required system response to achieve a stable frequency has also meant EU grid codes have been
defined without reference to specific type of (production) unit. Following this Multiple European TSOs have
taken steps to open their balancing markets to new kinds of flexibility providers [1]. Together with better
forecast and shorter market closing times new balancing resources has in some countries led to both reduced
requirements for balancing, despite considerable increase in share of variable production from renewables
[28]. The market for FCR opened for consumer flexibility in Sweden in 2019. In Finland consumer flexibility
has been allowed for several years. Substantial price reduction for FCR-D on the yearly market has been
seen in Finland following addition of over 400 MW of consumption side flexibility to this product. This
addition of consumer side flexibility has led to considerable decrease in the FCR-D price on the yearly market
(where majority is procured in Finland). The price has fallen from 4.5 €/MWh in 2016 to 1.9 €/MWh in 2020.
In contrast the Finnish FCR-N prices, with only 10 MW demand side flexibility, have in this period stayed
stable [29]. In comparison Swedish FCR-D costs increased between 2017 and 2018 with 160% [30]. Swedish
FCR-N prices have also increased by 70% from 2017 to 2018. This implies that new actors and increased
provision of flexibility on the market potentially could make considerable savings on balancing cost, cost
that are passed on to end consumers [31]. Several activities are now ongoing at the TSO to simplify for new
actors to take part on balancing markets and increase robustness of price on the balancing market, with
less dependence on hydrological variation [30].The Swedish FCR market design already provides some
benefits to consumer flexibility compared to the Finish market design, for example the procurement is made
one and two days prior to the delivery (in contrast to yearly contracts) and the minimum bid size is 0,1 MW
instead of 1 MW. This means that the conditions for consumer flexibility to participate in the FCR markets
are relatively good.
As described in D1.3 [1] mFRR bids are voluntary energy bids on the Nordic Regulating Power market and
can be submitted to the TSO until 45 minutes before the operational period (current operational hour).
mFRR Bids are generally used for balancing purposes and are then remunerated with marginal price. The
time coordination of CoordiNet local flexibility market for congestion market and the national mFRR
balancing market means that unused bids from FSP qualified for mFRR can be automatically forwarded to
balancing market. The main difference is that, in case of balancing, the market pricing is defined with a
“pay-as-cleared” (marginal price) approach, while CoordiNet flexibility market for congestion management
uses a pay-as-bid scheme.
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Decisions on activation of mFRR for balancing purposes are taken by the TSO operators in the control centre,
based on a continuous analysis of the system state, including parameters such as the frequency, real-time
flows, production and consumption plans and activated aFRR. When congestions occur in distribution
networks, communication between TSO and DSOs is traditionally carried out by phone. Within the CoordiNet
demo the bids are instead handled automatically by the CoordiNet market platform that receives the
clearing information from TSO and informs the FSP of cleared bid in the same way as other CoordiNet
clearings, i.e. by text message, e-mail or from the winter of 2020/2021 alternatively through an API.
For the CoordiNet demo the TSO, Svenska kraftnät, has agreed on several simplification to assist FSP in
accessing the market. The exceptions from normal requirements and a simplified prequalification process
are possible as qualification is granted only for a limited time period. The simplification in mFRR provision
include:
• Minimum bid size is reduced from 10 MW to 1 MW.
• Measurement values can be submitted afterwards, i.e. real-time integration to TSO is not required
and the values collected by the CoordiNet platform can be used as basis for the validation.
• Activation message is sent electronically through CoordiNet platform, and not as today through
telephone call from TSO control room.
There were several reasons that the mFRR balancing product was selected for inclusion in the Swedish
CoordiNet demo. Firstly mFRR has a relatively slower response time. Secondly, the TSO has a desire to test
more automatic bid clearing together with a reduced bid size for the mFRR product. Lastly, there is a need
to increase the supply of mFRR in the southern parts of Sweden. From the FSP perspective the selection
mFRR market attractive due to the relatively frequent usage (~50% of the hours in a year). By opening up
for flexibility bids to be added to the mFRR the business case for FSPs is improved which can increase the
motivation of flexibility providers to make necessary investments in metering and creation in automatic or
manual processes to place bid on the CoordiNet markets. The business potential of providing flexibility is
increased and market enlarged for the DSOs. For the TSO the potential increases to obtain mFRR bids in the
south of Sweden as well as test smaller bids and bids from new types of providers than the hydro power
resources in the north of Sweden that has traditionally dominated the mFRR market in Sweden.
CoordiNet is further seen as a possibility to test the new BSP-roles required by the EU grid codes.
There have been mixed opinions from FSP regarding the possibility of forwarding bids to the mFRR market.
From the interviews described in Annex B real-estate FSPs mention the economic importance as negligible,
although they think it is important for achieving a more frequent dispatching and thus a more active market.
Several other FSPs agree that the importance for the business case is small, since it does not matter in
which market their bid ends up.
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4.6.1. Attributes
The products characteristics are presented in Table 15.
Table 15: Attributes of the mFRR product.

Attribute

Value

Preparation period

Gate closure time for submitting bids is 45 minutes before hour of activation. When a bid

is called there is no preparation period (only the 15 min activation time).
Availability

As agreed individually for each flexibility provider

Ramping period

None

Full activation time

Specified in minutes. Maximum 15 minutes from electronic ordering until full activation

Minimum quantity
Maximum quantity

1 MW in CoordiNet demo (10 MW otherwise, except for in price area where Skåne is
situated where 5 MW is allowed)
No restriction

Deactivation period

N/A

Granularity

1 MW

Minimum duration of
delivery period
Maximum duration of
delivery period
Validity period

At least 15 minutes (from requested commerce to end of hour)

Mode of activation

Electronic ordering through CoordiNet platform. Activation by flexibility provider

Availability price

No, but relatively frequently called products (~4000 hours per year on national level)

Activation price

Pay-as-cleared if cleared for balancing
Pay-as-bid if cleared due to network congestion (so called special regulation)

60 minutes
The bid is valid for the specified hour of delivery

Minimum price is equal to or higher than the Spot price for the delivery hour (for
upward regulation bids). Maximum price is 5000 EUR/MWh
Divisibility

No

Location

Information about bidding zone should be included

Recovery period
Aggregation allowed

No
Yes, but only from the same price area and same BRP or according to agreement between
FSP and BRP (TSO payment is to one BRP only)
No symmetry requirement. However, both up and down regulation is procured (one
direction at a time). In the CoordiNet demo only load reduction and increased production
(up regulation) is relevant.
Based on measured value. Exemption for CoordiNet is that metered values can be
provided afterwards, based on loggings in CoordiNet platform.

Product Symmetry
Verification cleared
bid
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4.6.2. Process
The process for mFRR is defined by the TSO, Svenska kraftnät, and shown in Figure 49.

Figure 49: Overview of process for balancing – mFRR market. The dashed lines describes the ordinary process and are not part of
the CoordiNet demo.

The first step is prequalification. The prequalification process usually takes a few months to be completed,
depending on the application and additional needs, for example for testing. At first, the BSP submits an
application. Following the application request, the TSO has to respond within 8 weeks whether the
application is complete or not. In case the application is not complete, the BSP has 4 weeks to come back
with an amended application. Then the TSO has 12 weeks to either approve or reject the application. If the
application is approved, there will be some time before the BSP actually can deliver the service, depending
on the need for testing communication, measurements etc. For CoordiNet demo the qualification to provide
mFRR service is time limited and the requirements as well as the time for reviewing the application have
been reduced.
After approval of prequalification the FSP is able to send bids to the market. This enables CoordiNet local
market to forward unused bids to the mFRR market. Within the project group cooperating on the Swedish
demonstration the ambition has been to achieve a seamless forwarding of bids from the platform-specific
ID market to the Svk ancillary service mFRR [32].
It is foreseen that the long-term solution for standardized messaging between Nordic TSOs and market
participants will be based on ECP (Energy Communications Platform), however the communication for the
winter period November 2020 – March 2021 involves conversion of platform bids to a compatible schema
before uploading them as files to the Svk server.
Only bids from mFRR qualified FSPs can be forwarded, with a minimum capacity of 1 MW and a designated
price area (i.e. SE3-SE4) for the bidding asset. Since the impact factor of the bid is irrelevant to Svk, it’s
removed before the bid is forwarded.
In order for a BRP to be allowed to participate in this market, the party must also provide collaterals or
insurances to the company providing imbalance settlement services to electricity market participants in
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Finland, Norway and Sweden, called eSett14. eSett, which is owned by the four Nordic TSOs, manages the
settlement process.
Clearing of mFRR bids is sent to the CoordiNet platform, while payment for service provided is addressed to
the balance responsible party. After clearing, eSett performs a preliminary and a final settlement and
reports/publishes the results after each settlement. The result after the preliminary settlement will be
reported the 2nd day after the delivery day. eSett performs regularly preliminary settlement calculations
and publishes the results on the online service. The result of the final settlement will be reported the 1st
working day after DSOs final reporting day (D+13). In case of non-delivery the BRP position/balance is
affected and the BRP is financially responsible for the imbalance.
The bids are defined following the Nordic Data Exchange Standards, known as Ediel15, which are based on
EDIFACT and XML formats. The activation, at present day, is done manually by phone. However, Svenska
Kraftnät performs a pilot study for electronic activation during 2019-2020. .
4.7. System services and flexibility services investigated for Gotland
In Gotland an analysis was made to understand which flexibility and system services should be used to handle
wind power and new solar as well as to improve power quality and security of supply. The Swedish business
use case (SE-2) described in deliverable D1.3 [33] focused on balancing services to the DSO in Gotland. This
product is only to be investigated in the Swedish CoordiNet demonstration, without full-scale market trial.
The objectives of the Gotland system service products are the following:
• The local DSO wants to connect new solar and wind power.
• The local DSO wants to improve power quality and security of supply.
• Local and regional DSO want to unlock flexibility and increase the attractiveness for flexibility
providers to participate on the CoordiNet platform.
• The regional DSO wants to provide solutions for the local DSO.
• FSPs want to optimize their resources management business.
The objectives were preliminary because the Gotland system service is highly complex due to the high
amount of distributed generation and limitation of the HVDC cable that was not originally planned to be bidirectional (see D4.5 [3]). The island has to deal with DSO and normal TSO responsibilities.
The regional DSO is motivated to work with the local DSO in Gotland to find a solution for the local DSOs’
challenges using flexibility services on a market. Further analysis on both sides needs to be made, to
understand the upcoming steps to realize this BUC. Market solutions have never been used or analyzed for
Gotland. The grid situation is very specific. The analysis should reveal which products could be utilized to
solve the locally critical situation.
Two dedicated reports were commissioned to describe the flexibility resources and possible system services
[21] as well as an assessment of grid assets and operation of the Gotland power system [34].
Detailed analysis in [34] showed a need to distinguish between service provided in i) normal operation, ii)
service available in export mode of the HVDC dual link with only one of the poles to mainland Sweden and
iii) island operation. I.e. without HVDC connection to mainland to balance voltage and stabilize frequency.
The operation with only one pole of the HVDC links occurs a few times per year and also island operation
had increased with growing age of the HVDC link. The services in normal and abnormal operation are
shown in Table 16.
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Table 16: Service in normal operation as well as single pole and non-functioning HVDC link.

Service

Balancing

Congestion
management

Voltage
control

Normal operation

Operational case
Abnormal operation

Island operation

FCR-N

HVDC link to mainland

HVDC link to mainland

Gas turbines

FCR-D

HVDC link to mainland

HVDC link to mainland

Gas turbines

aFRR

HVDC link to mainland

HVDC link to mainland

mFRR

HVDC link to mainland

HVDC link to mainland

FFR

HVDC link to mainland

HVDC link to mainland

Gas turbine or diesel
generator
Gas turbine or diesel
generator
-

RR

HVDC link to mainland

HVDC link to mainland

Gas turbine or diesel
generator

Reserve
Non-reserve

HVDC light, wind power,
district heating heat pump
Load shedding

HVDC light, wind power,
district heating heat pump
Load shedding

HVDC light, wind power
district heating heat pump
Load shedding

Steady state
reactive
power
Dynamic
reactive power

HVDC light, synchronous
compensator shunt
compensator
HVDC light, synchronous
compensator, shunt capacitor

HVDC light, synchronous
compensator shunt
compensator
HVDC light, synchronous
compensator, shunt capacitor

Gas turbine or diesel
generator

Active power

HVDC light

HVDC light

HVDC light

Short-circuit
power

Synchronous compensator

Synchronous compensator

Synchronous compensator

Synchronous compensator

Gas turbine or diesel
generator
Gas turbine or diesel
generator

Gas turbine or diesel
generator

Gas turbine or diesel
generator

Synthetic
inertia
Black start

HVDC light, synchronous
compensator, shunt capacitor

Gas turbine or diesel
generator
Gas turbines and wind power

Controlled
islanding

In [21] an analysis is made of which services the available resources on Gotland can provide. The resources
available today are provided in Table 17 and those expected to be available in the future in Table 18.
Table 17: Overview of resources available today for provision of system and flexibility services on Gotland.

Resource

Service and product

RR

Reserved

Nonreserved

Steady State
Reactive

Dynamic
reactive

Active
power

Short-circuit
power

Controlled
islanding

FFR

Shunt power capacitor

Black
start

mFRR

Load shedding

Inertia
response

aFRR

Fixed speed wind
turbines
Variable speed wind
turbines

Voltage control

FCR-D

HVDC mainland
connection
HVDC light link on
island-D
Synchronous
compensator at HVDC
station
Gas turbines (located
in Slite and Bäcks)
Diesel genset, Visby

Congestion
management

FCR-N

Balancing

x

x

x

x

x

x

-

-

-

-

-

-

-

x

-

-

-

-

-

-

(x)

(x)

x

x

x

-

-

-

X

-

-

-

-

-

-

-

-

x

x

-

x

x

x

X

x

x

(x)

x

-

x

(x)

(x)

x

x

(x)

x

x

x

X

-

-

(x)

x

-

x

(x)

(x)

x

X

(x)

x

x

-

X

-

-

(x)

(x)

-

(x)

X

(x)

-

-

(x)

-

-

-

-

?

?

(x)

(x)

(x)

(x)

X

(x)

(x)

(x)

(x)

-

-

-

(x)

?

(x)

(x)

(x)

-

(x)

x

(x)

(x)

-

-

-

(x)

-

-

-

-

-

-

-

-

-

-

-

-

x

x

-

(x) = Not present today but estimated to be possible to develop and execute using existing equipment together with new control

GA 824414
Confidentiality: C2 - Internal

Page 71 of 124

D4.1 –Site specific product portfolio to be used in Swedish demo
(including contracts, routines and business models)
Table 18: Overview of potential resources in the future for provision of system and flexibility services on Gotland.

Service and product

New wind parks
New solar PV parks
Demand response
SVC/STATCOM
New mainland
connection with
VSC-technique
New AC mainland
cable
Battery energy
storage

Inertia
response

Black
start

Controlled
islanding

Short-circuit
power

Voltage control

Steady State
Reactive

Nonreserved

Reserved

RR

Congestion
management

FFR

mFRR

aFRR

FCR-D

FCR-N

Balancing

Dynamic
reactive
Active power

Resource

(x)

(x)

(x)

(x)

(x)

(x)

x

x

x

X

(x)

-

-

-

(x)

?

(x)

(x)

(x)

-

(x)

x

x

x

x

(x)

-

-

-

(x)

-

(x)

(x)

(x)

(x)

(x)

(x)

(x)

-

-

(x)

-

-

-

(x)

-

-

-

-

-

-

-

-

x

x

-

-

-

-

x-

x

x

x

x

x

x

(x)

(x)

x

x

-

-

-

-

x

x

x

x

x

x

-

-

-

-

-

-

-

-

-

x

x

x

x

x

x

x

x

x

x

x

-

-

?

x

(x) = Not present today but estimated to be possible to develop and execute using existing equipment together with new control

The outcome of the investigations into system service on the island of Gotland are summarized in Figure 50.

Congestion
management

Figure 50: Summary of identified possible grid service for the Gotland demonstration.

Gotland is an island with one HVDC connection to the mainland and with a very high proportion of wind and
solar production and has a grid situation not as easy to understand as congestion management. Analysis of
grid needs, products and possible flexibility services was required for Gotland as the island has a very unique
grid situation compared with mainland Sweden and the DSO GEAB does not have the specific competence
(of market solutions and products typically found at TSOs) to understand products and operating status from
a market perspective.
CoordiNet contributed with deeper understanding of system service required in the future to maintain a
stable and reliable grid on Gotland. The investigation showed that there were four products relevant for
Gotland. The balancing service most required for Gotland was found to be FCR-N, and not mFRR that is
within the scope of the Swedish CoordiNet demo. Although deep technical analysis has been performed, the
definition of these services in terms of market products was new. The outcome of the additional
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investigations was that the organizational and process infrastructure were simply not in place to execute
the balancing as a demonstration with the time frame and budget of CoordiNet.
It was decided in September 2020 review meeting with European commission that a live demonstration of
balancing services on Gotland would not be included in CoordiNet. Based on [21] and [34] it was instead
concluded that the following services should be included in the upcoming demonstrations within the Gotland
flexibility market:
1. Consumption flexibility.
2. Black start of gas turbine generators for island operation (optional).
3. Peer-to-peer market between wind producers and consumers with flexibility.
The optional black start test (item 2 above) will be performed outside of CoordiNet. Due to that the system
and flexibility services offered in the Gotland demonstration will be those described in Sections 4.4 and 4.5.
No additional attribute table and process section is included in this section 4.7.
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5. Market design
5.1. Coordination schemes
D1.3 [1] identified 17 alternative coordination schemes used as basis for the 7 defined schemes used in the
CoordiNet demonstrations in Greece, Spain and Sweden. The Coordination schemes in the Swedish
demonstration are described in Table 19.
Table 19: Comparison of coordination schemes for local, distributed and multi-level market models. Reproduced from D1.3. [1].

Business use
case

Coordination
scheme /
market
model

Congestion
management
day-ahead &
intraday
(SE-1a)

Multi-level

Congestion
management
peer-topeer (SE-1b)

Distributed

Balancing
services
Gotland
(SE-2)

Local

Balancingforward bids
mFRR (SE-3)

Multi-level

The three types of coordination schemes applied in the Swedish CoordiNet demonstration are:
1. Local market: no interaction is assumed with central needs for flexibility.
2. Distributed market model: both local needs and the combination of local and central needs are
considered. Only consider distributed market structure to solve grid-related issues (not e.g. for
just trading energy, as an alternative to participating in the day-ahead market). In this market
model peers are the sole buyers (and providers) in the market. The peer-to-peer model envisions a
fully distributed network where peers establish direct (logical) connections to neighbouring peers.
3. Multi-level market model: characterized by that local and central needs are resolved via a
combination of local and central markets. That, in addition to the DSO, the TSO has access to DER
to address a need for flexibility. Bids from DER that are not selected and not procured at the local
market, can participate in the AS market where the resources connected to the transmission grid
participate. Product requirements can here be adapted without interference with the other
markets and products.
Local and central markets coexist. Consequently, there will be a lower level of market liquidity registered
on the market, compared to the common and integrated market model. Especially for the local markets
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there is a risk of limited resources able to fulfil a certain local need and therefore a potential risk of higher
costs due to a lack of economies of scale. However, local markets can entail a lower entry barrier for small
scale DER.
5.1.1. Forwarding of bids in in Swedish demo
The market coordination scheme in the Swedish demo was shown in Figure 27 of section 4.1.1 and
reproduced below for readability. The sequential timing of CoordiNet and established national energy
markets eliminates the need for coordination effort to ensure no double activation of flexibility.

Figure 28: Market closure times in Swedish demonstration.: (repeated): Market closure times in Swedish demonstration.

After the clearing of the local DSO market, the remaining unused bids will be automatically passed to the
regional DSO. If configured so by the FSP bids will be forwarded from CoordiNet day-ahead to intraday
market. After closing of the intraday markets resources prequalified for mFRR by the TSO will have their
remaining bids transmitted to the TSO mFRR market.
The market is thus designed to allow multiple opportunities for flexibility to be procured, as well as time
slots for the balance responsible party of the FSP to modify bids on national markets to stay balanced. The
possibility for a bid to be forwarded is illustrated in Figure 51 for larger (1 MW) resource prequalified by the
TSO for the mFRR market.

Figure 51: Possibilities for bids to be forwarded between CoordiNet markets.

5.2. Market platform
The market platform is designed by an in-house team at E.ON, one of the DSOs in the Swedish consortium.
In the market platform three different roles are defined:
• Owner – can create/purchase bids and do limited organization administration.
• Contributor – can create/purchase bids.
• User – view only.
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It is possible for users to belong to multiple organizations with different user roles. However, a single
organization cannot act simultaneously as a DSO and FSP on the same market.
The market platform in the Swedish CoordiNet demonstration can conceptionally be divided into two parts:
1. A market platform that receives flexibility bids and compiles the impact factor weighted merit
order list.
2. A flex tool that calculates the volume of flexibility required to be cleared.
These two platform parts are integrated in CoordiNet but can conceptually be separated (as is the case in
the CoordiNet inspired sthlmflex market in Stockholm, where the market tools is the external Nordpool
owned trading platform while the flex tool is the same as in CoordiNet).
The flex tool component of the market platform integrate with the TSO tool called SUSIE that is used by
Swedish TSO to request temporary subscriptions. The market tool has a link with mFRR market platform to
forward unused bids of resources that are prequalified for TSO mFRR market. A simplified overview of the
components of the market platform is shown in Figure 52.

Figure 52: Components of CoordiNet market platform

5.2.1. Flexibility provider bid page
The platform provides an interface for FSP users to monitor their assets and offer available capacity on the
Day ahead market, either through demand response (DR) or locally produced power (DER). The effect on
grid load is essentially the same whether power consumption is decreased, or production is increased locally,
meaning both are equally valid for congestion management purposes.
Each FSP actor must have at least one asset. When activated it can either reduce consumption (Uppland,
Skåne or Gotland market) or increase production of power (Jämtland/Västernorrland and Gotland markets).
To ensure compatibility some values must be configured for each asset:
• Minimum power – the lowest level of activated flexibility in MW.
• Maximum power – the highest level of activated flexibility in MW.
• Step size – what granularity should be used when creating bids, e.g. 1 MW.
• Minimum bid duration – the smallest time unit for a single bid.
In Figure 53 an example of the interface for FSP to manually enter bid to market platform is shown.
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Figure 53: Creating bids as FSP for the ID market, with the current day and next day available [Reproduced from D4.2.2].

It is possible to enter bids several weeks in advance, edit/delete single bids, delete bids per day and copy
bids per day or week. There are two types of bids: single bids (lighter in colour) and block bids. The former
is always one hour, while the latter can span up to 24 hours. A block bid has a fixed volume interval and set
price, i.e. 20 MW for 800 SEK/MWh for 3 hours duration. When the bid is purchased (see section 5.2.4) the
volume can be adjusted by the buyer within the bid interval and with the preconfigured step size. For
example the schedule in Figure 53, means that the block bids cannot be adjusted in volume (as min and
max volume are the same) nor in time (as it is a block-bid). Single bids on the other hand can be varied in
volume and are freely selectable.
An example of a resource with specific step size is E.ON asset Sjölunda Heat Pumps (SHP), a new system for
district heating at a wastewater treatment plant in the Northern harbour in Malmö. Dependent on outdoor
ambient temperature, current energy prices and other factors, production is highly variable and making the
plant ideal for congestion management usage. Available flexibility could be scheduled in steps of 3 MW,
each corresponding to the power draw of one of four heat pump in the facility.
To accommodate for additional scenarios in an FSP organization regarding asset management, new options
for cooldown and endurance were developed for the second demo period in winter of 2020/2021. This means
that less manual scheduling is needed, since the properties of an asset will influence the bidding process
more dynamically. Additions for the Winter of 2020/2021 include possibility to define a resource:
• Preparation period – time in advance a flexibility provider needs to be notified in order to deliver
flexibility from a resource.
• Endurance – how long a resource can deliver flexibility continuously.
• Cooldown – a time period after a cleared bid before flexibility can be activated again.
The configuration menu for a resource is shown in Figure 54. On this page an administrator can also decide
whether the asset can act on the intraday market, and if DA bids should be forwarded to ID automatically.
The database flag for assets that should forward ID bids to mFRR balancing market is not available in the UI
but is handled in the backend.
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Figure 54: Administrator asset configuration.

In a specific use case, an asset is configured with 60 minutes of cooldown and 120 minutes of endurance,
meaning that the maximum consecutive hours of flexibility are limited to two and that the asset needs one
hour of inactivity before being activated again. If one day the asset is scheduled by the FSP with 24 hourly
bids, and the hour 13:00-14:00 is purchased, the DSO will no longer see a bid for 14:00-15:00 that was
previously available. Since the endurance is limited to two hours, it would also not be possible to purchase
bids for e.g. 13.00-16:00.
A further example is 0.5 MW / 1 MWh battery energy storage. The storage primary use is peak load shedding
at an industrial facility. Since the local DSO calculates the grid fee based on the absolute highest
consumption (MWh/h) during the entire November to March period, the battery will be idle on all other days
when annual max consumption is not foreseen. For other periods a 24 block bid may be set. But the 0.2 MW
bid will have an endurance of 4 hours (given that SoC down to zero is not ideal, due to shortening of
lifetime). After recharge, the resource would need up to additionally 2 hours cooldown to fully recharge
(assuming recharge is made with maximum power).
There are two tools an FSP organization can use to plan and monitor their bids and assets: Bid calendar and
Bid activity. In the calendar all assets with bids scheduled to appear on the market are shown in a monthly
overview (Figure 55).
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Figure 55: Bid activity table showing timestamps, volume, price and sold capacity as well as the bid calendar in the top right.

All dates are clickable and context sensitive. If it is the current date or earlier in time, the user is linked to
the history page for that day. Dates in the future will link to the flexibility schedule of the selected day for
editing bids. Using Bid activity, it is possible to access bids either for all or specific assets and/or show only
sold bids. The user can select a specific day from a monthly overview where bids on the market and sold
bids are highlighted with red and blue dots.
It is also possible to export the schedule history of a selected date interval. The resulting output is a
Microsoft Excel compatible CSV file, listing bids for all assets in the organization, including time stamps,
offered and sold capacity, offered and clearing price, as well as bid type (block or single).
To reduce the risk of a user receiving more notifications on alarms and market events than they need or
want, a separate page for subscription management was created. The voice call and SMS integrations are
configured in one tab where the user can select at which time they should be used, as shown in Figure 56.

Figure 56: User settings for allowed phone activity, with selectable hours, days and months.

The second tab is used to handle email subscriptions for various events (depicted in Figure 57) while the
third tab manages alarm subscriptions.
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Figure 57: User settings for notifications on market events.

Users tied to an FSP organization will receive daily e-mails on whether any bids were purchased during
market hours or not. This also serves as an additional reminder for upcoming activations. To ensure that the
information is correct, the action of sending out the notifications is performed a few minutes after market
closure. An example of a market summary e-mail can be seen in Figure 58 for day-ahead market and Figure
59 for P2P market.

Figure 58: Daily E-mail notification, listing the assets (in this case only one, Elpanna, meaning electric boiler) and their
purchased capacity with timestamps and volume.

Figure 59: E-mail notification of seller and buyer matching on peer-to-peer market, listing the assets (in this case a hydro
turbine) and their purchased capacity with timestamps and volume.

FSPs can also facilitate their operation by automating the input of flexibility bids to the platform. This is
done through a new API endpoint, documented at https://qa-api.flexmarket.se/docs/ as shown in Figure
60.
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Figure 60: API schema for uploading bid schedules as FSP.

Most asset operators use different types of production plans for monitoring, planning and settlement
purposes. An FSP organization can elect to upload their own production plan for each of their assets directly
to the platform. The user downloads a template and inputs values in MW for up to two days, then uploads
the file through the web UI. It is also possible to upload production plans directly to the platform API. Any
scheduled production or consumption can then be visualized in the same view as the current active power
metering, shown in Figure 61.

Figure 61: Asset production plan showing a time series for two days on top of real-time power monitoring.

5.2.2. Flexibility provider asset evaluation page
If metering is available, the current level of power consumption can be graphed on the FSP home page. This
will also display the upcoming production level if a production plan has been uploaded, see Figure 62.
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Figure 62: Asset metering visualization showing the active power for a an electric boiler.

In case the FSP organization has multiple assets, the user can select between them using the row of buttons
above the graph (shown in Figure 62). Normally the displayed value is positive, but the graph will adapt to
negative values if those are sent to the platform.
In order to monitor upcoming events, the FSP can view what activities are planned for the present day and
the next day on their home page. Every asset that should be activated is presented in a list with its
respective hour intervals, as depicted in Figure 63. The “next activation” element will count down the hours
to the necessary action.

Figure 63: Upcoming asset activity for two days, with selected tab listing timestamps, power volume and current status.
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5.2.3. DSO overview of grid congestion
Local and regional DSOs can view their subscription levels and grid load forecast for each substation,
information which can help them anticipate and solve potential violations.
Every DSO actor must have at least one substation, regardless of whether they act on a regional or local
market. All substations are configured with their current subscription level in MW, which is the capacity at
the interface between a lower-voltage grid level and an upper-voltage grid level that limits the power
transfer/withdrawal by the lower level grid. In addition, each asset needs to have a set impact factor (see
Section 4.2.3) for all substations present on the same market. These values will define how assets interface
with substations:
• 1 – The asset has full impact on the substation (no power reduction).
• 0.8 – The asset has reduced impact on the substation (20% power reduction).
• 0.37 – The asset has low impact on the substation (63% power reduction).
• 0 – The asset has no impact on the substation (N/A).
The User Interface for trading on the ID market is very similar to the DA variant used in Demo 1, since the
main change is the continuous market window only.
A critical feature for operator use is the ability to view forecasts in relevant contexts. The home page for a
DSO organization can display an intraday graph as well as a day ahead visualization of forecasts, local
temperature, observed active power and other relevant data. This is shown per substation with the highest
data resolution available, as depicted in Figure 64. Operators will see subscription level (solid red line) as
well as any granted temporary subscription limit from TSO (dashed red line). The forecast is shown without
subtraction of cleared flexibility bids (blue) and with subtraction of cleared flexibility bids (jagged orange
line).

Figure 64: DSO Home graphs, with active grid power, load forecasting and cleared flexibility.
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These visualizations give the operator an overview of the current day as well as the next, for monitoring
and planning purposes. In addition to the forecast data series there are also “frozen” (snapshotted) graphs
representing the forecasts at the time of the first market opening.
Any purchased flexibility will be displayed on the graphs and listed in a tabbed sidebar of today’s and
tomorrow’s orders.
Each substation has its own yearly subscription in relation to the next level of grid topology, i.e. a local
substation at 70 MW is connected to the regional network, where a substation has a subscription of 700 MW
from the TSO.
If a local DSO violates their subscription level, they must pay a penalty charge to the regional DSO, which
in turn is charged for any violations by the TSO. The penalties are calculated from the time in violation
multiplied by the volume in MW, with higher tariffs for multiple consecutive hours. To facilitate monitoring
of grid violations the operator can see the current subscription level per substation in the various graphs (as
shown in Figure 65).

Figure 65: Violation count and forecast graph, showing 11 hourly violations for the selected substation.

Should a load forecast show one or more potential violations the operator of the lower-level grid can take
appropriate actions, e.g. purchase available flexibility. By hovering on the points in time where the graph
line crosses the subscription level, the operator can see how large the violation is in MW. Note that the
alternate term “overrun” is used on the platform rather than the more common “violation”.
An alternate strategy for handling violations on the regional level is to apply for a temporary subscription
from the TSO. If approved, the subscription is raised for one week at a time for a set fee paid to the TSO,
the cost of which is calculated according to a tariff set by Svenska kraftnät. The temporary subscription is
charged as a fixed fee related to the volume of the subscription, in addition to a variable fee that covers
actual injection or withdrawal. In 2018, the charges for temporary subscriptions were equal to 1/200 of the
annual capacity charge, levied for each week and kW. In general, this fee is significantly lower than the
violation charge, but the service may not always be available depending on other grid or balancing factors.
In order to keep track of the current temporary subscription(s), an operator on the local or regional level
GA 824414
Confidentiality: C2 - Internal

Page 84 of 124

D4.1 –Site specific product portfolio to be used in Swedish demo
(including contracts, routines and business models)
can create and edit their own levels which will be displayed in the relevant views. For Demo 1 in winter of
2019/2020 there was no integration between the platform and the TSO, and instead DSO users handled
temporary subscriptions manually. For Demo 2 in winter of 2020/2021 an integration has been made with
the TSO platform for temporary subscription requests (SUSIE) allowing the temporary subscription to be
requested. An example of the subscription levels visualization and request view can be seen in Figure 66.

Figure 66: Temporary subscriptions (dotted line) shown in graph with forecasts and cleared flexibility (orange, lower graph).

In addition to the previously outlined forecast and meter data in the various views, a DSO user can also build
their own dashboards using a widget tool where data is visualized up to one week into the future and up to
four weeks in the past. Essentially any data register available in the platform can be presented in a graph,
gauge, number or map widget. An example of grid state visualizations of two substations are shown in Figure
67.

Figure 67: Dashboard widgets showing substation power, forecasts and temperatures used by E.ON.
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Figure 68 is an example from the CoordiNet platform of a dashboard used to evaluate the forecast for one
of the regional grid stations. The level is normalized and represent the net load in MW and the teal colored
line indicate the forecasted value. Value 1.0 is the maximum according to the range of historical real values.
Upper and lower band, pale grey, shows a 95 % confidence interval reflecting the uncertainty and the red
line is the measured load. This situation indicates a real load situation close to the upper band of the
confidence interval.

%

Figure 68: Forecast instream with 95% prediction intervals and real measurements visualized via the CoordiNet platform
dashboard. Reproduced from D4.3.2.

One useful application of dashboards is the comparison between forecast data and observed active power
for basic evaluation of forecast model performance, see Figure 69. Another is to monitor flexibility delivery
through comparing the actual consumption with the originally sent in plan for the asset.

Figure 69: Example of a dashboard to monitor a 5 MW Battery energy storage in Vattenfall grid. (Blue discharge, red, charging)

To avoid operators having to constantly monitor the web platform for potential violations, there is an alarm
functionality that can be triggered if a selected forecast register deviates from the configured interval. The
user can also define when the alarm should be active, who should be notified and how (e.g. email or SMS).
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5.2.4. DSO clearing of bids
In case of a potential violation of grid subscription level the operator can choose to buy one or more
flexibility bids. This is done per market on a day ahead page, where forecasted violations are counted per
substation and shown next to the name.
The market page has two main tabs: ‘Forecasts & subscriptions’ and ‘Market & bid list’. On the first tab the
operator can monitor forecasts and subscription levels, as well as configure temporary subscriptions. The
second tab contains all available bids, divided into three categories: Recommended, Hourly and Block.
An operator can either select the recommended bids, pick hourly or block bids manually, or do a combination
of both. The algorithm suggesting bids is configurable and optimized to select the least amount of flexibility
possible that still covers the violation at the lowest market price. When manually choosing between bids, it
is possible to adjust the volume of capacity per hour (if the bid is created with an interval), as shown in
Figure 70.

Figure 70: DSO Home graphs with recommended bids list providing volume to be cleared to mitigate forecasted congestion.

To account for substation impact factors, price and amount of capacity are shown both before (in brackets)
and after calculation. In the below example (Figure 71) the impact factor of the asset on the substation is
0.61, meaning the actual capacity is lower and therefore more expensive per MW (the calculation performed
is price divided by impact factor, i.e. 1000/0.61=1639).
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Figure 71: Selecting bids using sliders to adjust amount of capacity cleared.

Each bid is shown in the Shopping cart tab and can be removed if needed. Selected bids are visualized as
blue blocks in the main graph along with the subscription level and the forecasts, as shown previously in
Figure 72. Once enough flexibility has been purchased the violations are marked as solved, represented by
a green check mark on the substation name.
Some notable updates were made to the bid recommendation feature for the second demo period in the
winter of 2020/2021, such as selectable forecasts and temporary subscription integration. The “settings”
menu that incorporates these changes is shown in Fel! Hittar inte referenskälla..

Figure 72: Settings for recommendation of clearing volume.
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As shown in Fel! Hittar inte referenskälla. the DSO can configure individually for each substation which f
orecast to use and if an additional margin is required when clearing bids to compensate for the chance of
the forecast underestimating the actual load. Fossil based flexibility (like gensets) can be excluded if desired
and a time margin can be added to buy flex an hour before and after the required time. The option also
exists to not buy flexibility covered with temporary subscription has been granted. It’s also possible to filter
out any bids that could be considered too expensive by using the “Max price per MWh” parameter. Selection
of forecast data series is done per substation and gives the DSO user more choice in how the algorithm is
applied.
To check what flexibility has been purchased and when, a DSO user can access the page “order history”. It
is possible to select a specific market and a date interval. On the first tab all active bids are shown, i.e.
recently purchased flexibility that will be activated the next day. The second tab contains a complete order
history for all flexibility purchases made by the organization (as seen in Figure 73). The user making the
flexibility purchase is listed as buyer.

Figure 73: Order history list, showing timestamps, order ID, DSO buyer name, purchased capacity and market.

This is similar to the bid activity page shown in Figure 55 in Section 5.2.1, but the FSP specific information
is hidden to the DSO user. The order ID is used for tracking individual transactions. For settlement and other
purposes there is also an export function where the selected orders are downloaded as a Microsoft Excel
compatible CSV file. This contains timestamps, market name, FSP name, asset name, price/MWh, activated
power in MW, order ID, clearing price/MWh and bid type.
Another new feature gives DSO users the ability to cancel purchased bids in order to free FSP organizations
of their obligations in case the flexibility service is no longer needed. The interface to cancel bids is shown
in Figure 74. For example, the monitored grid load might be lower than expected for various reasons (e.g.
unforeseen forecast or temperature deviations) which would render the purchased flexibility irrelevant to
the DSO. By clicking a cancel button for the obsolete bids, the FSP organization is notified by the platform
and can take appropriate measures.
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Figure 74: Possibility to cancel cleared bids, in case DSO no longer finds the flexibility required.

5.2.5. DSO maintenance congestions definition
A specific use case in the Swedish context for a P2P market is during a TSO/DSO-induced grid constraint,
due to maintenance work or similar. Typically, the responsible party will notify affected consumers and
producers via UMM (urgent market message), listed on the NordPool website.
The constraint is given as a percentage on the original subscription level, but in practice the DSO can inform
the grid producers and consumers which power level (in MW) they need to adhere to. For example, during
a 50% grid constraint a nominal subscription level of 20 MW is reduced to 10 MW. In many cases the asset’s
subscription is not directly to the TSO, meaning a local or regional DSO need to make sure that the limit is
kept by managing their subscriptions internally. For the given example a DSO such as Vattenfall or E.ON
might tell the asset owner to keep below 8 MW rather than 10 MW, depending on technical parameters on
the local/regional grid level.
This and other complexities need to be handled by the operator, the project team and asset owners (market
actors) before and during the trading period. One example is that the maximum power setting of the assets
needs to be adjusted to match both the DSO-enforced limit in MW and the general constraint percentage
level.
In preparation of a P2P market activity, the DSO operator will predefine the constraint on the platform as
shown in Figure 75. To support the peer-to-peer market defined in Section 4.5 the market platform needs
to accommodate different scenarios, both geographically and technically. The main features and rules were
the following:
• The bottleneck parameters, such as start/end time and constraint percentage, is set by an
operator before market actors initiate trading.
• Both regular unconstrained subscription level and bottleneck limitation is shown per asset, and
minimum capacity volume and step size is set to 0.1 MW.
• Each order is validated against subscription level, minimum volume and step size for the
selected asset before being placed on the market.
• Capacity can be traded at any hour of the day while the bottleneck market is active, and orders
will be automatically matched to each other (e.g. sell/buy with the same volume and price).
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•
•

Trading between producers and consumers within a grid constraint (“bottleneck”), with
predefined assets buying and/or selling capacity per hour (MWh/h).
Settlement is done bilaterally between actors, although the platform provides transactional
data through an order history page.

In Figure 75 the market platform´s user interface to define constraint is shown. The constraint level varies
for certain dates, to demonstrate what is technically possible when using the web page tools. In a realworld use case, it would typically be a flat line at a fixed level. The given time series of the bottleneck is
generated with hourly resolution and can be edited by the operator leading up to and during the constraint
situation, with certain restrictions to avoid faulty transactions and invalid orders. In case the bottleneck is
changed or deleted, all affected orders on the market will be annulled.

Figure 75: The “Create bottleneck” page, where an operator can select the parameters for a constraint with datetime values
and percentage limits.

5.2.6. Peer-to-peer actor overview
The peer-to-peer market is summarised for actors in an overview shown in Figure 76. This dashboard
provides visualisation of trade value and volumes as well as listing all active and expired bottlenecks.

Figure 76: DSO overview of peer-to-peer market.

To reach the market page shown in Figure 77, the user can click on an active bottleneck.
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Once a bottleneck has been setup for trading by the DSO (as described in section 5.2.5) the participating
organizations can view it on their home page and enter the market page, shown in Figure 77.

Figure 77: P2P market page with elements for viewing a date and specific hour, creating new orders, a list of existing orders,
and a time series visualization of the selected date.

Here the peer-to-peer market participants gets a list of existing sell and buy orders in the market overview
element. Each date of the constraint duration period is selectable, and the page elements update
accordingly to show orders and market position (current and potential capacity rights) for the selected
asset. To put an order on the market the “create order” element is used, selecting “buy” or “sell” and
defining hours, volume and price for the capacity right.
Figure 78 shows the user interface where different types of orders can be created: “1 h order”; “Fill or
kill”, which needs to be matched exactly for a trade to occur; “Fill 24h”, which creates 24 separate hourly
orders for a selected day; and “Fill week”, which is the same as “Fill 24h” but for an entire week.

Figure 78: Page element for creating a sell or buy order for capacity rights.

The order needs to be validated before it can appear on the market. The volume must be above zero but
below the subscription level as defined for the selected asset. When the user clicks the “Create order”
button, the other page elements are updated.
The new order is shown in “My orders” (Figure 79), either as existing on the market or as already traded in
case an automatic match was made against a corresponding buy/sell order. It’s also possible to delete orders
from the market before they are traded. A lead time is set per asset, with a default of 60 minutes. This
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means that orders on the market will be removed automatically one hour before asset delivery time, unless
the lead time is configured differently.

Figure 79: Page element for listing orders on the market, with selectable tabs for showing traded and removed orders.

To gauge the status of the asset for the selected date, the user can check the “Capacity rights” page element
where the subscription level, bottleneck level, purchased capacity rights and potential market position are
visualized as time series in a graph. An example of this is shown in Figure 80.

Figure 80: Page element for viewing current and potential capacity rights in relation to subscription and constraint levels.

Note that the changes in capacity rights are shown in steps per hour and that the volume is given in MW.
The user can select any part of the day by zooming in the chart, and each data point displays a timestamp
and volume level when hovering over it.
To facilitate the creation of invoices or other means of settlement between actors, the users can access an
offer history page listing all transactions (shown in Figure 81). It’s also possible to export the data to a .csv
file.
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Figure 81: Offer history page featuring filters per month, per bottleneck, and per counterpart.

Each row represents a completed order and shows time stamps, offer type (sell or buy), volume in MWh/h,
price, ID number, rule (e.g. standard, fill-or-kill), market asset, counterpart (i.e. which organization bought
or sold the offer) and if the offer was annulled or not. Offers where no transaction (i.e. buy or sell) took
place are not listed in the UI history. However, the full history of all orders created is stored in the platform
database.
5.2.7. Peer-to-peer market block-chain
In cooperation with CoordiNet consortium partner Engineering 3, E.ON has developed an integration between
the P2P transactions on the platform and a blockchain validation system, based on Ethereum smart
contracts. The main advantages of using blockchain in this scenario are:
• Trustworthiness: By design the transactions in the blockchain are transparent and immutable. This
can help the resolution of any disputes among the market participants and assure not repudiation
for transactions performed.
• Self-enforceability of smart contracts: Once the smart contract is set up and running, execution of
its code is automatic and does not require specific approval. In the proposed system, the transfer
of tokens between market actors is performed automatically with a smart contract after
validation of the energy transaction. No central authority can interfere with the transaction.
The blockchain-based platform has been designed to develop a validation process to certify all trading
transactions after a market session. The system makes use of Ethereum blockchain tokens as a remuneration
of the traded capacity between market actors. More specifically, Ethereum smart contracts are exploited
to enable two kind of transactions:
1. Energy transaction: this contract manages all the energy readings coming from the smart meters.
Readings are associated with an Ethereum portfolio and are stored in the blockchain with an array
of timestamp / value pairs.

3

Ingegneria Informatica SPA, https://www.eng.it/en/enabling-technologies/blockchain
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2. Value transaction: this contract manages economic transactions once energy transactions have
been verified. Moreover, it manages the creation and transfer of tokens between the different
wallets.
The reference architecture for the implementation of the Validation system based on blockchain technology
is included in Annex C as Figure 94.
The P2P market and the Validation blockchain-based system communicate with each other via REST APIs.
Information exchanged are related to:
• Retrieve list of P2P market actors and related smart meters IDs,
• Get meters readings for market assets that can trade on P2P market,
• Notification of traded capacity with all information related to buyer, seller, traded capacity
volume, for what hours, price per MW,
• Report on validated trading transactions.
Whenever a finalized P2P trade of capacity rights occurs on the platform, the separate blockchain validation
system is notified about the transaction through HTTP with a JSON payload. Just before the asset delivery
period starts, the blockchain validation system retrieves the expected production/consumption for both
parties of the transaction from the platform via an API endpoint. After the asset delivery period ends, the
blockchain validation system retrieves the actual power readings for production/consumption from the
platform and compares it with the previously fetched expected production/consumption. If the actual data
does not match the expectation within a fault tolerance of 5%, or if it is inconclusive due to missing actual
data, the transaction is marked as invalid. Otherwise, it is marked as valid. The blockchain validation system
also keeps track of the transaction price and ensures that invalidated transactions are not counted towards
the total balance.
A Dashboard web application has been developed to monitor the market transactions notified by the P2P
platform and the wallets of the actors in the system. Figure 82 shows the screenshot of the details for a
specific validated market transaction. For each validated market trading it is possible to have information
on the transactions in blockchain of both the energy transactions and the value transaction.

Figure 82: Blockchain Validation web application dashboard - detail of validated transaction include meter readings. Blockchain is only valid if computed expectation with delivered flexibility is within a set fault tolerance from meter reading.
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The Dashboard also includes the Organizations section (actors of the system). In this section a user can see
a list of all organizations. Figure 83 presents the screenshot of the web page detail for a specific
organization. For each organization it is possible to see the associated address in Ethereum blockchain, the
wallet balance, the information of the associated assets.

Figure 83: Blockchain Validation system - detail of organization wallet

Further details on the specifications and implementation of the blockchain-based platform can be found in
deliverable D2.5 [35].
5.3. Validation of provided flexibility
Verification of cleared bids requires different solutions for different types of flexibility resources. Central
for evaluation is the use of a baseline, defined in CoordiNet D2.1 as “an estimation of what the
consumption/production would have been if the activation of flexibility didn’t take place” [36]. A baseline
is a trade-off between four main objectives:
1. Accuracy: Flexibility providers should receive credit for no more and no less than the service they
provide, so a baseline method should use available data to create an accurate estimation of the
baseline level.
2. Simplicity: The baseline method should be simple enough for all the stakeholders to understand,
calculate and implement it, including the end-use consumers. On the implementation side, a
baseline method should be technically implementable, considering (1) data availability, (2) data
exchange needs and (3) computational times.
3. Integrity: A baseline method should not include attributes that encourage or allow customers to
distort their baseline through irregular consumption nor allow them to game the system.
4. Efficacy: the chosen baseline methodology should minimize unintended incentives as
inadvertently penalizing real curtailment efforts.
Different types of baseline will be needed, reflecting the different characteristics of FSP participating in
CoordiNet markets. Figure 84 shows examples of baselines technologies applied to different types of
resources, indicating the relative merits of each methodology.
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Historic average

Historic average

Figure 84: Types of baseline used for verification of flexibility provision.

The methods used in the first demonstration in the winter of 2019/202 are presented in CoordiNet
deliverable D4.5 [3]. These methods of verification were:
• Plan principle (requirement to provide a schedule). FSP consumption or production plans are
compared to the actual load during periods when flexibility bids have been cleared.
• Interpolation (historic data averaging). The second alternative is that baseline is based on the
time periods before and after the "time for delivery". That is to interpolate the value and monitor
change in the consumption pattern. Deviation from the interpolated value is considered provided
flexibility.
• Post analysis with “Similar day approach”(meter readings before and after delivery). Use a set of
representative days to establish a baseline. That is e.g. nearest 3-5 weekdays, or specific days
(Mondays) to create an average profile as baseline.
The Plan principle is used to evaluate day-ahead and intraday settlements and includes validation of
availability and actual delivery of flexibility. When a supplier intends to send a bid to the Flexibility Market,
it is required that the supplier also submits its Plan to the DSO no later than 10:30. The Plan refers to the
Flexibility resource's electricity consumption before any requested flexibility action, called Delivery. When
Calling for Delivery (i.e. bid is cleared), the FSP updates its Plan taking into account the requested flexibility
action. The same modification to resource usage plan must be done if adjustments are made for the Intraday
Market. When flexibility is activated, calling Delivery, information about this will be saved by the Platform.
This information contains information about the time of planned Delivery for the relevant Flexibility
resource, size and price for the cleared bid. The updated plan can also be sent to DSO as a confirmation
that the Called Delivery has been taken into account, however the plan on the market platform is not
updated allowing the provided flexibility to be calculated as:
Original plan before bid clearing - Actual outcome = Flexibility provided.
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For demonstration 2 (winter 2020/2021), Vattenfall will also test some additional verification methods to
those used in the winter of 2019/2020. These additional/complementary methods of verification include:
• Forecasting (regression in D2.1/Figure 84); using similar approach as when predicting grid state
including Machine learning models. This forecasting is focused on the load of specific flexibility
resource and generated each hour. The forecast directly before a period of flexibility provision is
here used as baseline.
• “Similar day forecast” (historic average in D2.1/Figure 84); use a set of representative days to
establish a baseline. That is e.g. nearest 3-5 weekdays, or specific days (Mondays) to create an
average profile as baseline that is used in the platform directly for evaluation.
• Back-up power as zero plan (zero baseline in D2.1/Figure 84); In the case of back up generation
the assumption is that no generation will be provided if not acquired from the portal, hence plan
is set to zero as base line. (Specific variant of plan principle to plan principle but a specific case.)
• Aggregator plans (require schedule in D2.1/Figure 84); based on the actual steering of the
aggregator’s solution (Similar to Plan principle but from an aggregator).
• Aggregator commands (similar to Meter Before/After in D2.1/Figure 84, but based on the steering
signal in the IT-system); analysis of log of the commands sent to the pool of resources from the
aggregator.
Which follow-up alternative is used is an agreed between the FSP and the DSO and should be settled so that
both are satisfied while delivery can be ensured, without workload for FSP to provide the plan (or DSO to
perform validation) undermining the value of market participation.
Generally, the Plan principle is preferred for major loads or when there are substantial fluctuations in the
normal consumption that only the FSP is able to foresee. This is normally the case on large assets with
complex optimization of processes affecting the consumption. This could be industrial processes with
significant amplitude and large fluctuations in consumption pattern that are required to submit their plans
in advance based on the planned production/consumption. Today this method is used by TSO in the
frequency balancing markets in the Nordics. Interpolation is relatively easy to provide and could be a good
alternative if the asset is relatively small and plans are difficult to obtain. In this case customer load
forecasting could be an alternative, when the FSP does not have knowledge or resources to provide plans
for their consumption.
Important is that the measurement is made so that it captures changes in power output with the same order
of magnitude as connected flexibility. If a flex supplier's plant has measurement at several levels within
their facilities (e.g. 400V at heat pump or 10 kV at grid connection point), it is important to at least have
measurement that ensures that load cannot be moved between parts of the plant but total outlet is
unaffected, for example so load is not moved from one heat pump with measurement to another heat pump
without measurement.
If measurement cannot be obtained in a suitable location, it may be too unclear whether flexibility has been
delivered in the event of an activation, this is specifically the case for aggregation when the individual units
meterings are only available to aggregator, if at all.
Another challenge in validation may be that the volume that is activated is so small compared to other
consumption in the same facility (meter), which means that the adjustment in the meter is too small to
ensure delivery. Here the accuracy of the resource forecast can be used. If the forecast is highly inaccurate,
e.g. normalized mean absolute error (nMAE) of 20% it would not be realistic to procure flexibility of less
than 20% of the forecasted consumption, as provided flexibility is likely indistinguishable to the background
variation in load. Likewise, the “Similar day approach” can be used to explore the degree of variation in
overall consumption and determine the minimum amount of flexibility that is realistic to be detectable. If
e.g. consumptions varies +/- 20% between similar days (e.g. workdays) with no further means to explain the
deviation a flexibility bid of less than 20% of the normal consumption will be challenging to validate.
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Validation method will further depend on for how long period of time the flexibility is delivered. For shorter
deliveries (single hours), emphasis is placed on the outlet the hour before and after delivery. For longer
deliveries, the time span before and after is also increased, which is considered relevant. This is to capture
a representative picture of the period.
The methodology of verification will be continuously updated and improved throughout the three years of
operation of the Swedish CoordiNet demo. Final solutions developed and their effectiveness will be
presented in CoordiNet Deliverable D4.7.1 “Results and Analysis of the Full-scale Demonstration” that will
be released beginning of 2022 at https://coordinet-project.eu/publications/deliverables.
5.4. Architecture of the flexibility market
In recent years it has become common in the domain of power system and energy markets to describe the
scope of projects with the Smart Grid Architecture Module (SGAM). The module was originally developed to
identify gaps regarding the standardization of smart grids in response to the European mandate M/490.
M/490 called for the development of a consistent set of standards that would achieve interoperability and
facilitate the implementation in Europe of high level “Smart Grid” services. The model was first published
in 2012 by the Smart Grids Coordination Group of European Committee for Standardization (CEN), the
European Committee for Electrotechnical Standardization (CENELEC) and the European Telecommunications
Standards Institute (ETSI). It is now being formalised as IEC 63200. After release of SGAM many corporations
used it to map internal processes and implementations to business objectives. The module has also proved
its value as a way to clarify the scope of different EU funded Research and Innovation programmes. As we
all have experienced similar words can be used in different domains and circumstances to refer to very
different things. By mapping to a standardised set of roles, power system areas and aspects of information
exchange, we can better provide a consistent and comparable project of activities. SGAM thus provides a
way to structure the scope of the Swedish CoordiNet demonstration with its various markets, business
objectives, products, market interaction, forecasts and field implementation with metering, data
acquisition and verification of executed flexibility.
The full IT-architecture and model of interactions with the market platform can be found in Annex C.
The SGAM has three dimensions described in Figure 85.
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Layers represent the 5 aspects of information
exchanges: Business Objectives, Functional
Processes, Information Models, Communication
Protocols, and Components

Domains identify a set of roles associated
with 5 different areas of the energy grid:
bulk generation, transmission, distribution,
distributed energy resources, and customer
premises

Zones represent the 6 hierarchical levels of
power system management: Market, Enterprise,
Operation, Station, Field, and Process

Figure 85: SGAM framework, as presented in IE63200 draft technical specification 20200717.

In the CoordiNet project the layers of SGAM are used as follows,
•

•

•

•
•

In the component layer the physical interfaces between TSO and DSO can be defined.
o
In the process zone, the actual grid layout can be mapped with electrical substations
representing the interfaces between TSO and DSO.
o
Field and station zone represent the shared control system in place, while the operation
zone covers the energy management system of the TSO-DSO interface.
o
Commercial and organizational processes are pictured via the enterprise zone.
o
Infrastructure required for market operations for, among others, flexibility, reserve power,
imbalances are detailed in the market zone.
In the communication layer, the communication protocols used between TSO and DSO are defined.
Reduced to the metrics used for physical flows on the process zone, the communication protocols
used for the control, management and operation of the interface can be mapped. This layer
defines the rules of communication and it is also used to define the timing and order of the
information exchange between TSO and DSO.
The information layer details exchange between TSO and DSO across all zones. While the
communication layer describes how data is sent, the information layer describes the content of the
messages, i.e. the actual information exchanged between TSO and DSO, including data models and
data formats, as well as data access permissions.
The function layer maps the tasks assigned to the TSO and DSO with regard to the management of
the electrical grid like balancing responsibility.
The business layer sets the regulatory framework for TSO-DSO coordination. In case both TSO and
DSO participate in a balancing market for available flexibility reserves, the market rules are to be
set within this layer.
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5.4.1. Business layer
The SGAM business layer covers the regulatory framework, market roles and structures, business models and
processes. This layer defines how the different actors of the system are organized, their responsibilities,
and how they act and interact with each other on a commercial scale.
In the context of CoordiNet the business layer sets the regulatory framework for TSO-DSO coordination. In
case both TSO and DSO participate in a balancing market for available flexibility reserves, the market rules
are to be set within this layer.
The business use case is described in Annex A: Use cases tested in the Swedish demo and summarised in
Figure 86.

BUC
SE-1a
BUC
SE-1a, 1b

BUC SE-3

Figure 86: Overview of business use cases and Products for grid services mapped in SGAM.

The SGAM business layer is shown in Figure 87 and maps the Swedish demo use cases illustrated to levels
(zones) of power system management and roles (domains) associated with five different areas of the energy
grid.
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Figure 87: SGAM business layer for Swedish CoordiNet demo.

In the SGAM business layer in Figure 87 the following can be identified (from customer to generation):
• The flexibility market for congestion management (use case 1a, reducing consumption) which in
the SGAM business layer is divided into two parts; the FSP offering of flexibility customer or
industrial premises that transverses all zones and the DSO settlement of flexibility bids based on
substation grid state forecast.
• Forwarding of unused flexibility bids to TSO mFRR (use case SE-3) market is in the transmission
domain.
• The P2P market (use case SE-1b) is shown for Västernorrland and Jämtland where it includes
selling of non-required grid capacity between hydro and wind power plants.
The balancing services for DSO in Gotland (use case SE-2) is not shown in Figure 87 as it is only investigated
and will not be executed in the Swedish CoordiNet demonstration.
5.4.2. Function layer
This layer describes the purpose and function of the different elements for the smart grid and
clarifies why an element is part of the smart grid and what function it provides.
The function layer is key for the TSO and DSO coordination. Based on the functions assigned to the TSO and
DSO with regard to the management of the smart grid, the information flows between both organizations
can change significantly. If, for example, balancing responsibility of the entire network is assigned to the
TSO, information flows towards the DSO are limited only to the information required to balance the
distribution system.
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The functions required are found in Figure 2, reproduced below for ease of access:

Figure 2: A holistic approach on transformation, multiple technologies and perspectives are needed to drive change in order to
achieve a local flexibility market where TSO/DSO (left side) can meet with flexibility providers (right side).

In the SGAM function layer in Figure 88 the following can be identified (from process to market):
• Metering
• Forecasting – grid state
• Forecasting – load baseline
• CoordiNet platform for operation
• CoordiNet platform for market bidding

Figure 88: SGAM functional layer for Swedish CoordiNet demonstration, BUC SE-1a and 3.

GA 824414
Confidentiality: C2 - Internal

Page 103 of 124

D4.1 –Site specific product portfolio to be used in Swedish demo
(including contracts, routines and business models)
5.4.3. Information layer
This layer of the SGAM model defines the information exchanged between components in the different
business use cases.
Figure 89 shows the business context view of the SGAM information layer. (The canonical data model view
of the information layer is not shown as the information exchange is in propriety format.)
In the SGAM information layer in Figure 89 the following can be identified (from process to market):
• Flexibility resource load measurement (for load forecasting).
• Substation load flow (for grid state forecasting).
• Flexibility bids added to market platform by the FSP.
• Merit order list compiled from all FSP bids
• Volume of flexibility cleared by DSO control room operator based on merit order list and forecast
from CoordiNet platform.

* Bids are cleared based on recommended volume in flex tool and according to market tool merit order list.
Figure 89: SGAM information layer (business context view) for Swedish CoordiNet demonstration.
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5.4.4. Communication layer
This layer of the SGAM model defines the communication protocols for each connection between
components.
The SGAM communication layer is shown in Figure 90. In the SGAM information layer in Figure 90 the
following can be identified (from process to market):
• Metering values are collected through integration with DSO metering system (E.ON) or sent to DSO
through a MuleSoft® API in JSON-file format (Vattenfall).
• The CoordiNet flex tool and market platform is an integrated system.
• FSP can submit bids and receive clearing information over a REST API, or by manually entering bids
on the flex market tool website and receive clearing information by e-mail or text message.
The CoordiNet market tool API is built on HTTP. The API uses RESTful web services and is documented in
OpenAPI format. It has predictable resource URLs. It returns HTTP response codes to indicate errors. It also
accepts and returns JSON in the HTTP body allowing FSPs to use any HTTP/REST library. The API is presented
further at: https://qa-api.flexmarket.se/docs/index.html#section/Introduction.

Figure 90: SGAM communication layer (for Swedish CoordiNet demonstration.
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5.4.5. Component layer
This layer defines the physical components and constitutes a traditional IT-architecture description,
organized to reflect levels (zones) of power system management and roles (domains) associated with 5
different areas of the energy grid. This includes the physical grid infrastructure including protection and
tele-control devices, IT equipment and any type of system actor. It defines what the physical components
of the systems are.
A simplified sketch of the SGAM communication layer is shown in Figure 91. The full IT-architecture and
model of interaction with market platforms can be found in Annex C.
In the SGAM component layer in Figure 91 the following can be identified (from process to market):
• Meters to collect measurements from substation and flexibility resource.
• HMIs for FSP interaction with market platform.
• HMI for DSO control room operator´s interaction with flex tool.
• Servers for forecasting tool and market platform.

* Only for Vattenfall
Figure 91: SGAM component layer for Swedish CoordiNet demonstration, simplified.
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6. Conclusions
The Swedish CoordiNet demonstration showed a more dynamic and digitalized way for DSOs to utilize
flexibility for the operation of the network. The use of flexibility has successfully alleviated network
congestions. Ahead of the second of three winters operation these products and the market platform have
been extended and improved. In the business use case demonstrated in the first winter season of 2019/2020
the DSO used the flexibility service to lower peak demand in the grid during the winter season November to
March on a day ahead market. Initiatives to recruit FSPs were accelerated after the first winter operation
of the flexibility market for congestion management and resulted in a doubling of actors and increase of
available flexibility on the market from 256 to 350 MW.
The novel local markets have successfully demonstrated how to coordinate with, and complement, the
existing markets for electricity trade and system services as well as coordination between flexibility
providers, DSOs and TSO. The result is the first major demonstration of the possibility, as well as ability,
for a flexibility provider to participate in a coordinated way on different markets, as well as contributing
with a new flexibility service in a market based way.
Close stakeholder interactions and sequential development has been the key to the success of the Swedish
CoordiNet demonstration. From the start external stakeholders have contributed to the market design and
business rules. Stakeholder interaction resulted in a market design where different markets coordinate in
time and in a business model where the DSO buys flexibility mainly day-ahead, but can be complemented
by intraday trading. In this way the flexibility service is as much as possible called for before the day-ahead
spot market and mainstream energy and ancillary services markets are disturbed only when required to
compensate for deviations during the day of delivery. The DSO thereby has a business use-case where a grid
state forecast makes it possible to call for flexibility day-ahead working proactively to alleviate grid
congestion that has strong correlation with temperature, while still adapting to unforeseen changes in load
and availability of flexibility resources. A peer-to-peer market has also been set-up that during periods of
maintenance in the grid will allow producers to either trade capacity rights with each other or initiate
increased consumption of other users to allow them to produce more.
This report bears witness to the continual strive to adapt and improve the market to meet the needs of the
distribution system operators, while unlocking the full potential of the flexibility resources participating.
The platform has been developed in an agile way within the Swedish CoordiNet consortium. Following the
first winter market demonstration individual interviews have been performed with all participating
flexibility service providers. Adaption to market design and platform has then been made, based on this
input from users. The market platform now supports a wider range of flexibility resources by allowing bids
to be entered with preparation time, min and max duration as well as cooldown requirements before
resource can be used again. For the second years operation an API has also been introduced to facilitate the
participation of FSP and aggregators as well as the possibility for significant grid users to have their
submitted production plans used to automatically create bids on the flexibility market. The possibility was
also introduced for resources pre-qualified with the TSO for balancing to have unused bids forwarded to the
national mFRR market.
Feedback from service providers involved in the Swedish demo has shown that few flexibility providers are
willing to participate on a market with only free bids today as the volume of needed flexibility in Sweden
varies heavily from year to year due to weather. The DSO also needs to know that the flexibility will be
available when most required and that it is profitable to use, compared to other solutions. We believe that
a way to promote flexibility services maturity is to combine a market with bids with availability
remuneration which is to be tested in the second winters operation of the flexibility markets for congestion
management.
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To become an active ‘System Operator’ the DSO can use flexibility services and gains the ability to use the
grid more efficiently. This provides major gains for the DSO through new possibilities to use the
infrastructure for electricity and heating in a more coordinated manner unlocking existing flexibility. In the
future this will also strengthen the capability to cope with new kind of loads in the grid like electric vehicle
charging and renewable energy.
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Annex A: Use cases tested in the Swedish demo
A.1. Background to CoordiNet use cases
This annex describes the business use cases behind the products of the Swedish CoordiNet demo. The
products have been described in Chapter 4. Business use cases for the CoordiNet project have been defined
in report D1.5 [2] available at https://coordinet-project.eu/publications/deliverables. For each of the
demonstration in Spain, Greece and Sweden, four different BUCs have been identified as illustrated in Figure
92. The balancing use case on the island of Gotland was been investigated (see Annex B) but will not be
executed and is therefore faded out in Figure 92.

Figure 92: Revised overview of business use cases in all CoordiNet demo.

The Swedish demonstration focuses on congestion and balancing services:
• Congestion (business use case 1a and b): In the Swedish grid, one has to differentiate between the
regional DSOs, who have the connection to the TSO and the local DSOs. The local DSOs in their
turn cover smaller parts of the systems and are connected to the regional DSO (see previous report
[3] for further information). The congestion can either be in the distribution grid or between the
transmission and distribution grid and balancing. In Västernorrland and Jämtland a peer-to-peer
market will also be established so that producers can sell their allocated capacity rights when
curtailment would be necessary due to maintenance in the connecting grid.
• Balancing (business use case 2 and 3): For the grid service creation, both energy and capacity
products are relevant. The development of these services is dependent on the coordination
scheme of existing markets with sequential closing times of the various markets to allow
participation in: multiple markets (a), distributed market mechanism (b), and a local market for
the local DSO. Balancing service is divided into forwarding of bids to the TSO´s mFRR market and
system services for the island of Gotland, that is connected to mainland Sweden with only a HVDC
link. In Gotland (see Figure 42), system services will also be bought to handle and connect new
solar and wind power as well as to improve power quality and security of supply. Business use case
BUC SE-2 is only studied in CoordiNet without a practical market trial.
Unlike the congestion management in the Spanish and Greek demonstration the Swedish flexibility markets
in Uppland, Skåne and Gotland are focused on load reduction during the winter in heavily utilized grids in
urban centers. The Gotland and Västernorrland and Jämtland peer-to-peer demonstrations, like the Spanish
and Greek demonstrations, focus on congestion from production mainly during maintenance, in the Swedish
case from wind production.
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In D1.5 [2] the business use case for congestion market is divided into multi-level market model (use case
1a) and distributed market model (use case 1b) characterized by:
• MULTI-LEVEL MARKET MODEL Here a combination of local and central needs is considered, and
system operators acquire their own flexibility on separate markets. DER can participate to the
central market to answer to the need of the TSO, but only after the needs of the DSO are covered.
The TSO has thus access to DER. Sequential markets are foreseen whereby the DSO filters,
aggregates and transfers flexibility offers to the central market at TSO level. This allows grid
constraints to be taken into account during pre-qualification, procurement and activation of
flexibility.
• DISTRIBUTED MARKET MODEL: The second Swedish Use Case (BUC SE-1b) focuses on a local need,
i.e. congestion management in low voltage and medium voltage distribution grid. This by using a
peer-to-peer market which entails local acquisition of flexibility by peers based on identified
demand forecast by the DSO. In this specific case no market coordination is needed between the
TSO and DSO.
The BUC of the Swedish demonstration considered four differentiated domains: the Transmission System
Operator, the Distribution System Operators, the CoordiNet platform and the Flexibility Service Providers.
The market models, services, products and market horizons considered in the first winter (2019/2020) are
given in Table 20, while the services for demonstration 2 are listen in Table 21.
Table 20: Market models, services, market horizons and products in the Swedish demonstration 1 (running winter 2019/20).

Flexibility
Market

Grid Service

Market
Horizon

Market
Product

Aggregator
participation

Market
Operator

Distributed
Market Model

Congestion
management

Day Ahead

Capacity

Yes

Regional DSO

Table 21: Market models, services, market horizons and products in the Swedish demonstration 2 (running 2020 - 2022).

Flexibility
Market

Grid Service

Market
Horizon

Market
Product

Aggregator
participation

Market
Operator

Distributed
Market Model

Congestion
management

Day Ahead

Capacity
Energy

Yes

Regional DSO

Distributed
Market Model

Congestion
management

Intra Day

Capacity

Yes

Regional DSO

Multi-Level
Market Model

Balancing &
Congestion
management

Intra Day or
continuous

Energy

Yes

TSO
(mFRR
market)

Multi-Level
Market Model

Congestion
management
(peer to peer)

Day Ahead
and Intra Day

Capacity

Yes (Gotland)

Regional DSO

Multi-Level
Market Model

Congestion
management
(peer to peer)

Day Ahead
and Intra Day

Capacity

No
(Västernorrland
and Jämtland)

Regional DSO

A.2. BUC SE-1a: Congestion management – Multi-level Market Model
This BUC describes the actions that are carried out in case of congestions in the low and medium voltage
grids. This in order to keep power flows within the subscription limits by the regional DSO and TSO
respectively and within thermal limits of the lines and the transformers.
The objectives of this BUC are the following:
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1.
2.
3.
4.

For local and regional DSOs to give customers opportunity to optimize their resources.
For the local and regional DSOs to meet grid needs with a market opportunity.
For flexibility providers to meet financial goals.
For the TSO to increase the mFRR market liquidity.

Flexible resources connected to the low voltage and medium voltage distribution grid can provide flexibility
to the TSO or regional DSO, to eliminate congestions through a market mechanism. To this end, active power
control is considered.
Long-term products are traded in the market:
• Congestions management – reserved (called Long-term capacity bids in D1.5 [2] See section 4.3).
Short term products are traded on following markets:
• Congestion Management – non reserved, capacity day-ahead (se Section 4.4).
• Congestion Management – non reserved, capacity intraday (se Section 4.4).
This BUC is designed to fit the products that derive from the geographical specifications in order to be
ensured that the activation of flexible resources respect the distribution system constraints.
A.3. BC SE-1b: Congestion management - Distributed Market Model
This BUC describes the actions that are carried out in case of congestions in the low voltage as well as
medium voltage distribution grid, using a peer-to-peer market.
The objectives of this BUC are the following:
1. For local and regional DSOs to give customers opportunity to optimize their resources.
2. For local and regional DSOs to meet grid needs with a market opportunity.
3. For the flexibility provider to meet financial goals.
In the North-western regions of Västernorrland and Jämtland the grid operator E.ON´s objective is to
demonstrate if a peer-to-peer market can be a solution for customers when grid congestion occurs during
network maintenance due to reinforcement efforts on the TSO part of the grid.
On the island of Gotland, GEAB´s objective is to investigate if wind producers can be allowed to produce
more during curtailment periods by initiating load increase to mitigate the overproduction. Although
curtailment of wind production may occur during the entire year it is during the HVDC links revision that
curtailment is most likely to occur. For this reason, it was decided to test the market in April 2021 during
the HVDC link annual maintenance.
Short term products are traded on following market:
•

A peer-to-peer capacity market during curtailment periods (se Section 4.4.2).

A.4. BUC SE-2: Balancing services for local DSO (in Gotland) – Local Market Model
This BUC describes the actions that are carried out when the regional and local DSOs want to use flexibility
for system services for power quality and security of supply. Today these products are managed by the TSO
not by the regional DSOs. Gotland is an island with some 60,000 inhabitants and it is only connected to
mainland Sweden’s grid with a dual HVDC cable. Thus, it in many ways constitutes its own synchronous area.
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The products under analysis are inertia, FCR and/or reactive power. The products are described in CoordiNet
deliverable 4.5 [3] as well as in separate reports [21]. The possible resources available are described in [34]
and summarized in D4.5 [3].
The objectives of this BUC are the following:
1. For the local DSO to connect new solar and wind power.
2. For the local DSO to improve power quality and security of supply.
3. For the local and regional DSO to unlock flexibility and increase the attractiveness for flexibility
providers to participate on the CoordiNet platform.
4. For the regional DSO to provide solutions for the local DSO.
5. For the TSO to increase the liquidity on the mFRR market.
6. For the FSPs to optimize their resources management business.
Short term products have been investigated as described in Section 4.7. The balancing service most required
for Gotland was found to be FCR-N, and not mFRR that is within the scope of the Swedish CoordiNet demo.
Inclusion of a fully market-based balancing demonstration within the services, that was found to be most
important for Gotland, required many additional investigations. CoordiNet has contributed with deeper
understanding of system service required in the future to maintain a stable and reliable grid on Gotland.
Although deep technical analysis has been performed the definition of these services in terms of market
products was new.
The outcome of the additional investigations was that the organizational and process infrastructure were
simply not in place to execute the balancing as a demonstration with the time frame and budget of
CoordiNet. It was therefore decided in September 2020 review meeting with European commission that a
live demonstration of balancing services on Gotland would not be included in CoordiNet.
A.5. BUC SE-3: Balancing services for TSO – Multi-level Market Model
Resources prequalified for mFRR (trough a specific time limited qualification process set-up by the TSO for
CoordiNet) can have their unused bids forwarded to the mFRR market from the CoordiNet market. Minimum
bid size has been decreased from 10 MW (5 MW in Skåne) to 1 MW. The bids are activated in the same
manner as other mFRR bids.
Only upward regulation bids are considered in the Swedish CoordiNet demonstration.
The objectives of this BUC are the following:
1. For the FSPs to increase the attractiveness for flex providers to participate on the CoordiNet
platform, to achieve more revenue streams.
2. For the TSO to increase the liquidity of the balancing market.
3. For the local and regional DSOs to meet grid needs with a market opportunity.
Short term products are traded on following markets:
• Balancing and TSO congestion management (se Section 4.6).
A.6. Calculation of temporary subscription cost
The business case for the flexibility market for congestion management has to consider two main scenarios:
• Economic optimisation of the grid tariff towards the TSO. These implies that purchasing of
flexibility from FSP shall be made if this is cheaper than paying the cost for temporary raise of
subscription level towards the TSO.
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•

Situation when temporary subscription level is not granted. This can be during network fault or in
times of reduced (reserve) capacity in the grid due to planned maintenance. In this scenario we
can distinguish between two cases. One where the subscription level is surpassed and subject to
fines and the second case, where the subscription violation is met with an order from TSO to
initiate load shedding and disconnect customers from the grid.

From the two scenarios it can result in three situations. In each of the three cases a different monetary
value (for the DSO) can be ascribed to the flexibility. This section describes how the DSO assessed value of
flexibility is calculated for the two cases above. (The concept of subscription level itself is described in
Section 2.) Here are three cases to consider:
1 If the overall state and flow in the TSO network will allow a higher power outtake in a specific
node, then a temporary capacity plan is granted raising the subscription level. The CoordiNet
platform will then show a new level for the operators and base recommendation of bids to clear
on this new level. When the power flow is between the regular subscription level and the
temporary subscription level an additional cost exist for the amount of energy above the regular
subscription level. This additional cost is compared by the DSO to the cost of flexibility. In other
words, if temporary subscription is granted the DSO will choose between paying the surpass fee or
lowering their cost by buying flexibility. Therefore, the cost of the temporary subscription puts a
cap on the amount the DSO is willing to pay for flexibility. It is this price for flexibility that the
market platform is to determine and consider when selecting which bids on the market to be
cleared.
2 In case of the TSO does not grant a temporary subscription, any violation of the subscription level
is forbidden and fines, called excess charges by the TSO, are associated with this situation. In this
case the flexibility will have a considerably higher value (up to ten times higher).
3 Finally, is to be considered an extreme case of congestion over large parts of Sweden and an
imminent threat to transmission network stability. In this case, going over the subscription level
(either regular or, if granted, temporary subscription level) would have unacceptable
consequences for the TSO. The TSO would here not resort to excess charges, but order a limit to
be kept, making rotating load shedding a real possibility. In this case alternative cost to the
flexibility is very high, which would be reflected by the DSO willingness to pay for flexibility.
During the CoordiNet initial demo run in the winter of 2019/2020, control room operators identified a need
to see the temporary subscription level as well as the MWh cost associated with using of the temporary
subscription level l. To assist the control room operators, it was also decided to implement, in the Swedish
CoordiNet market platform, an integration with the system used by the TSO for temporary subscriptions,
SUSSIE. The temporary subscription level is read through an API.
The cost for temporary subscription can be calculated based on the cost for the regular (annual)
subscription. In Sweden the cost of the overlying transmission network is directly passed on to the DSO and
then to the end consumers. Price lists are published publicly each year by the TSO with different subscription
prices calculated for each transmission substation. The subscription price towards the TSO has two
components; 1) an energy charge that cover the losses in the grid and 2) a capacity charge that covers the
network costs at usage (operation, maintenance and utilization of the network). The capacity tariff is
further divided into three parts:
1. Regular capacity plan; this applies to the annual capacity requested for the regular subscription
level. The charge was in 2020 between 109 and 135 SEK per kW in the price areas of Uppland and
Skåne [37].
2. Temporary capacity plan; the cost for temporary subscription is described in [7] and the charge
has two components; a) A usage fee corresponding to total additional kWh over subscription level
during the week, multiplied by 1/500th of the annual capacity charge. In 2018 the cost of
temporary subscription was between 218 to 270 SEK per MWh but has since then increased [38]. b)
A capacity fee per kW over the subscription level equal to 1/200th of the annual capacity charge.
If the temporary subscription is used for many hours within the week, and for a considerable
amount of energy each hour, the cost for this part of the fee will be marginal per MWh. In case
the regular subscription level is surpassed for only a few hours with one or two MWh, it may, on
the other hand, be almost equal to the usage fee as only a few MWh share this cost. However, the
total cost is small in this latter case and the DSO typically considers the capacity fee as an
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insurance cost to allow larger outtake from TSO and will not considered it when valuing the cost of
flexibility.
3. Excess charge; subscription violation without temporary subscription is not allowed and subject to
a penalty that in 2020 was 560 SEK/MW for first hour of violation, 1400 SEK/MW for second hour
and 2800 SEK/MW for consecutive hours [7].
In June 2020 an announcement was made for changes in the tariffs to encourage provision of flexibility [9].
Changes were that the TSO energy charge would be based on more real time marginal cost of network losses,
rather than as before, on average cost. Another change was the possibility to procure a “sum subscription
level” for the combined outtake of multiple DSO-TSO connection points. In the case of Uppsala in the
Uppland market, there was no longer a need to handle two separate subscriptions at two substations.
Instead, a subscription level was granted for the combined flow at the two substations (to the same 220 kV
line supplying both points). This is anticipated to marginally lower the overall need of flexibility (since a
connection point that is not violating the subscription level can compensate for the one that surpasses the
subscription level). However, the load is mainly weather dependent, and the normal case is that both
substations surpass subscription level at similar time periods. The market platform, as well as all results
from the demo in Skåne and Uppland during the winter of 2019/2020 [3], were already presented for the
sum subscription level, in anticipation of this change.
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Annex B Flexibility service provider feed-back
Paramount to the success of the Swedish CoordiNet flexibility market has been active work to engage and
train potential flexibility providers (FSP). Feedback from the FSPs was collected Through one-to-one
interviews with 15 of the flexibility providers participating in the demonstration winter 2019/2020.
7.2.1. Drivers to participate
One fundamental driver for participating in the flexibility market is the possibility to affect the development
in the local area positively by contributing to a more effective grid operation and thus counteracting grid
congestions. Furthermore, several FSPs mention that this pilot project can provide benefit for the
community by enabling a continuous growth. Another driver for wanting to contribute is that many FSPs,
and more specifically industry FSPs, consider the local congestions in the grid to potentially limit their own
growth, and hence want to mitigate these risks by participating in the flexibility market. The motive is twofold: firstly, improving the grid conditions by participating and secondly, displaying that they are taking
action and thus increase their possibilities for future growth. Many FSPs are mentioning goodwill or PR as
important driver. They want to improve their image to stakeholders like customers, the DSO and different
authorities. Especially the participating real estate companies mention goodwill as something important,
and revenues from the market as less important.
Furthermore, several FSPs consider this pilot project to be an opportunity for self-education, both regarding
the market itself and also about their own business and operations. The potential of exploring how their
technology can be used more efficiently or in completely new ways is an important driver. For FSPs with
new technology (e.g. energy management system, smart thermostats and battery storage), this pilot project
is seen as vital to explore the possibilities for their product. Also, investigating new business models is
interesting for several participating FSPs, since they can see a potential economic benefit of participating
in flexibility markets for them or their customers. Especially FSPs with reserve power see a potential
economic benefit from resources they otherwise would rarely use. Furthermore, there was an explicit
difference between the Uppsala and the Skåne FSPs considering economic benefit as a driver. A majority of
the FSPs in Skåne saw economic benefit as a driver, while only one FSP in Uppsala shared that view. For
FSP:s in Uppsala contributing to relieving the local capacity situation was the most important factor. Finally,
the lower requirements in regards to bid size [0,1 MW] is also seen as favourable compared to existing
markets.
In the 5th CoordiNet stakeholder forums autumn 2020 with 150 online participants a Menti® questionnaire
exposed how diverse additional drivers for participation can be. Responses included: technology interest,
solving problems while earning money, benefits for the society, economic benefit, new business
opportunities, resource efficiency, environmental benefit and enabling more renewable energy production.
7.2.2. Lead time to become a flexibility provider
The lead time for becoming an FSP varied between a few weeks and an entire year, depending on the type
of flexibility resource. Real estate FSPs often cooperate with energy management system suppliers and the
technology and/or financial aggregators have to involve both , which entails longer lead time than expected
due to coordinating discussions and implementation periods for the new technology. One mentioned reason
for long lead time is that energy management system suppliers do not have a process for inquiries regarding
participation on flexibility markets. However, the interviewees who mentioned longer lead times also
claimed that the interest for participating in the market compensated for invested time. Several reserve
power FSPs mentioned that their technology and processes already were in place and thus did not require
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any significant investment of time. Finally, the availability of information and education has been good
according to several FSPs.
What took time in the preparation to participate in the CoordiNet flexibility markets for congestion
management varied. Generally, there has not been a specific procedure that has taken a significant amount
of time for the FSPs. The internal acceptance has been relatively effortless for most FSPs and the different
parts of the organizations already had insights to why there is a need for this kind of market. Internal
acceptance has primarily been problematic for energy companies and reserve power providers, since there
are no current established routines and roles for flexibility. Who does what, where and when are queries
that have been discussed. Questions regarding communication of their participation and how it is going to
be done has taken some time according to a few interviewees. The technical implementation itself has, on
the other hand, gone swiftly for many FSPs, since they have had help from more established stakeholders
like aggregators. However, the coordination with the aggregators has taken a significant amount of time.
This development of processes among aggregators to enable flexibility from their customers can in itself be
seen as an important outcome of CoordiNet Swedish demonstration.
7.2.3. Challenges in becoming a flexibility provider
A wide spectrum of different challenges has been identified for the FSPs, while some claim that there have
been very few challenges. From real-estate FSPs there has been a concern of understanding how the steering
is done, since they want to make sure they can sustain a comfortable indoor temperature. Another concern
for them has been to recruit enough housing associations to reach sufficient liquidity. Finally, some real
estate FSPs find it difficult to allocate time to the flexibility market, since the economic potential for them
is negligible compared to their core business. Hence, they suggest DSOs and other stakeholders in the
flexibility market to not only use economic benefits as a selling point for participating.
For one industry FSP, a challenge causing long lead time has been their effect on a third-party, since they
are providing flexibility from their heat pump. It has caused the temperature of their return water to be
too high for the local water company. Finally, energy companies mention internal routines and roles as a
challenge.
7.2.4. Commercial and technical terms of participation
Most of the FSPs winter 2019/2020 are participating with free bids, rather than availability agreements. The
reasons are primarily that it is easier, feels more safe and requires less responsibility. An optimal agreement
for many FSPs would be to have clearer pre-requisites of how much flexibility is needed and when it will be
needed. This would make it easier to develop business cases for the flexibility market. Most FSPs require a
business case that will predictable income to insure that they can cover their expenses. In addition, some
FSPs mention that it has to be more clearly stated that an availability agreement does not mean that
availability is required constantly.
FSPs with heating pumps have flexibility depended on temperature, so for example they can deliver
flexibility at 0 degree and lower or -5 degrees and lower. Some also have district heating as back-up and ,
they can be flexible more often. For them district heating prices will determine their flexibility.. Most
reserve power FSPs mention that they can only be flexible occasionally and other FSPs mention they would
have to automize their systems if they would have to participate more often. Many FSPs say they technically
can participate in both the day-ahead and the intraday market, while other say they would need to
automatize processes and routines to participate intraday. The latter is especially the case for reserve
power FSP. Energy companies, reserve power and industry FSPs state that most of their resources can only
participate day-ahead.
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Annex C Detailed IT-architecture and model of interactions with the market platform
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Figure 93: (previous page) IT architecture of Swedish CoordiNet demo showing involved DSO inhouse systems, external providers
of data and the market platform separated in operation (control room) and market bidding.

Figure 94: Blockchain-based system architecture

Trading platforms of
other markets

Figure 95: Components of the market platform including external API interfaces to external systems
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