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Preface

Smart Otaniemi is an innovation ecosystem for smart energy solutions. It is part of Business
Finland’s Smart Energy program, and aims at being an internationally recognised and
impactful smart energy innovation platform. The ecosystem and the testbeds are built
modularly through business-driven pilots: the target is to become a showroom and gateway
for Finnish energy excellence. Smart Otaniemi integrates co-operation, digitalisation, energy
and users and forms a platform where business and research can work in tight collaboration
accelerating new technology, services, business models and systemic solutions.

Steering group of Smart Otaniemi Pilot Phase 1 was comprised of following professionals:
Tuula M&kinen, VTT Technical Research Centre of Finland Ltd., Matti Lehtonen, Aalto
University Foundation sr., Antti Saynajoki, Aalto-yliopistokiinteistét Oy, Harri Vesa, E2M
Voimakauppa Oy, Jan Segerstam, Empower IM Oy, Chairman of steering group, Davor
Stjelja, Granlund Oy, Jyri O6rni, Merus Power Dynamics Oy, Jarno Halme, Nokia solutions
and networks Oy, Heikki Suonsivu, Parkkisdhko Oy / Parking Energy Ltd and Jussi Puranen,
Vare Energia Oy. Ismo Heimonen from VTT acted as the Project Manager and secretary of
the steering group.

This report D4.1 Local flexibility markets, is part of Smart Otaniemi Pilot phase 1, the pilot for,
Local Flexibility Market (Work package 4). The WP4 seeked to establish a framework for
local flexibility markets and to study new local market enabled business models suitable for
Smart Otaniemi.

The operational group guiding the pilot consisted of Markus Talka from Caruna, Harri Vesa
and Carina Schopper from e2m, Jan Segerstam, Sirpa Repo and Olli Kilkki from Empower
IM, Jukka Rinta-Luoma from Fingrid, Elahe Doroudchi from Aalto and Hannele Holttinen
(WP4 Leader until end 2018), Géran Koreneff (WP4 Leader March 2019 onwards), Lassi
Simila, Juha Forsstrom, Erkka Rinne and Jussi lkaheimo from VTT.

Espoo 30.4.2020
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1. Introduction

Local market for flexibility, in cooperation with existing market structures: who needs it, and
why, and what are the alternatives. The backbone of the electricity market is the spot market
and the balance settlement. Will it be broken? An unfair balance settlement arrangement can
have severe repercussions if the imbalances for some parties are let to grow. In Smart
Otaniemi, what kind of local flexibility market type could be piloted?

1.1 Background

Before the planning of any local market pilot, we need to know what different kinds of local
flexibility markets could entail in practice. This includes framework definition (local market
models, need for and buyer of flexibility, tradable resources, and interaction mechanisms)
and product definition (what are the local products).

1.2 Goal

The work will start by writing down the local market hypotheses: who will buy the local
flexibility and for what local purposes. That will define the product type that is relevant, the
market structure (e.g.one or two-way market), and how it relates to the wholesale market and
the balance responsibility and settlement. Local market models may include network,
electricity and heat, and definition should be flexible enough not to leave out new possibilities
and be open for upscaling. Possibility to pilot advanced market models, like power in addition
to or instead of energy, is the final goal of market demonstration. The local flexibility could
also fit in the wholesale or ancillary markets, so there is the question of where the flexibility is
best used and to what extent the local flexibility market products could be purchased from or
traded to the outside.

We shall look at the current market products in the Nordic markets (day-ahead and intra-day
for energy as well as markets run by TSOs for ancillary services) and also look at future
harmonisation and developments planned at Nordic and EU (ENTSO-E) level. New energy
market rules will be considered as part of this Task with a special focus on energy
communities. Joint use of energy resources as well as methods for its facilitation will be
explored. Various options for balance responsibility will be evaluated.

The task will explore and collaborate with the H2020 project DOMINOES to establish viable
local flexibility market hypotheses that can be scaled beyond the Otaniemi region and local
Nordic conditions. The collaboration will be facilitated by Empower IM as the coordinator of
the DOMINOES project.

The discussions to enable changes in regulation in the pilots are also conducted - jointly with
other WPs. These can be the regulation changes needed for energy communities, as well as
for the use of storage (avoiding taxation for both charging and discharging). Possibilities for
the distribution system operator Caruna to test new tariffs will also be discussed. Possibility
to use Otaniemi for testing area of new tariff structures, like optimising for power in addition
to energy, will be explored.

1.3 Limitations
Otaniemi is a quite robust distribution network area with only a limited amount of distributed

generation. Several aspects of why local flexibility would be needed cannot be established in
Otaniemi, and, in addition, active local participants might be sparse, which severely impact
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the rationale for a real local flexibility market. More than not, local flexibility markets are in the
danger of having to be only simulated in Smart Otaniemi.

However, there are other potential uses for local markets in currently resilient grids, such as
for the purposes of aggregation, consumer empowerment, and local resource sharing and
trading. Furthermore, in the following the aim is to also investigate flexibility markets more
generally for application in other locations and in future grid conditions.

Market descriptions are basically written in the winter of 2018/2019. Due to the speed with
which the market is changing, they were updated in the summer 2019, for the planned
publication of the deliverable. The project plan was, however, subsequently changed,
deliverables were merged and the deadline for this merged report set to end of April 2020.
Market changes since summer of 2019 have to a certain extent been added, but knowing the
fast development taking place, some are unavoidably not included.

2. Who will locally buy the flexibility and why

The starting point was the idea of having a local flexibility market to where flexibility would be
offered and from where flexibility would be bought for use in TSO or DSO ancillary markets,
BRP’s local balancing, intraday (and day ahead) market, for network peak load management
etc., see Figure 1. These markets and needs are studied in this Chapter, and we take the
first peaks at the benefits and disadvantages of local flexibility markets as opposed to system
wide markets.

Energy community

Local
entity

Storage

services

services

Local
entity

Prosumer

balancing
market

market

Figure 1. The Smart Otaniemi local flexibility market approach.
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2.1 System wide markets in Finland and in the Nordic system

The project plan of Smart Otaniemi calls for definition work for what local flexibility markets
(LFM) could entail in practice before defining the pilots. The task includes framework
definition (local market models, tradable resources, and interaction mechanisms) and
product definition (what are the local products). In this section, an overview of system wide
markets (day-ahead spot markets, intraday markets, and system operational markets such
as frequency containment reserve and frequency restoring reserves markets), is taken to
help the definition work.

System wide markets for electricity refer in this report to the utilization of market to its full
extent in matching the supply and demand of flexibility resources, whatever the exact product
might be. Thus, aiming at locally restricted solution, following geographical location or other
infrastructure-based characteristic, is not the primary driver in their development. Often, on
the contrary, maximal amount of integration is aimed at in the developments of system-wide
markets to achieve the efficiency benefits of market-based solutions. Particularly, as the
Smart Otaniemi innovation ecosystem is strongly connected to Finland and Nordic electricity
markets, we study the characteristics of existing and evolving system-wide markets to
identify the need for local markets. That is, in defining the requirements for pilots, it is
essential to identify to which extent current market mechanisms in place for Smart Otaniemi
can cope with the foreseen developments and, therefore, define the value-adding niche for
local flexibility markets, if any. Hence, at least the following characteristics are of interest for
the review of system-wide markets in Finland.

¢ Product definition and its flexibility properties (activation times, etc.)
e Local elements (e.g. market areas)

¢ Minimum size for bids

e Gate closures

¢ Incentive mechanism / Financial penalties on non-compliance with the
market signals

¢ Demand Response participation (Yes/No)

System wide markets in Finland and in the Nordic system offer possibilities for flexibility in
both day-ahead spot markets and intraday markets, as well as in system operational
markets. System operation reserves in Finland are maintained by the national System
Operator, Fingrid, who uses several market mechanisms operating in different timeframes to
maintain power balance in Finland in such a manner that frequency quality criteria are filled.
In the market mechanisms for reserves, there are also products that be traded internationally
with neighbouring TSOs, and there is a clear tendency based on European initiatives to
integrate and develop the markets further.

The needs for system operation reserves are calculated for the Nordic system as a whole
and then allocated to individual countries. The Nordic reserve demands are allocated to each
country according to their loads. The TSO of each Nordic country procures its share of
reserves as it considers best. The reserve types are divided in Frequency Containment
Reserve for Normal operation (FCR-N) Frequency Containment Reserve for Disturbances
(FCR-D), and Automatic Frequency Restoration Reserve (FRR-A), as well as Manual
Frequency Restoration Reserve (FRR-M a.k.a mFRR), of which there are several types
(Balancing energy market, Balancing capacity market, Reserve power). The mechanisms to
procure these reserves include different channels such as tailored yearly and hourly markets
for each reserve type, international connections, and balancing markets. (Ritter et al. 2017)
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We discuss these markets separately in the aforementioned context in the following sections.
The flexibility characteristic of the markets from Finnish perspective are thoroughly discussed
in earlier work included in Ritter et al. (2017), who analysed different electricity markets from
the viewpoint of Smart Electric Thermal Storage (SETS), a household-scale electric heating
device with smart storage functionalities. In the following review, in addition to flexibility we
pay special attention to local elements in existing system-wide market mechanisms to reflect
the discussion in Ritter et al. (2017) efficiently feeding this report. For example, if generator’s
or consumption unit’s location in the power grid is not included in the market system, it is
clear that part of the market cannot be utilised in any congestion management.

In addition to the market mechanisms in place, the foreseen developments in Europe are
relevant for the case of Smart Otaniemi, as there is a lot of on-going activity. Interestingly, in
a Nordic perspective, where we have an all-embracing market and flexibility system, the
flexibility subsystems in the individual Nordic countries and/or the price areas within them
can as such be seen as local flexibility markets.

2.11 Day-ahead and intraday markets

2.1.1.1  Flexibility

The Nordic power exchange Nord Pool nowadays consists of the Nordic and Baltic countries
as the main spot market participants. Participants from Germany-Luxembourg, Austria,
Belgium, France and the Netherlands, can also participate in the spot market. Participation in
power exchanges is voluntary, and the exchanges are privately owned for-profit market
institutions.

The day-ahead market, Nord Pool Spot, uses an hour as a basic unit of time resolution. The
Nordic electricity exchange Nord Pool operates the hourly-based day-ahead market Elspot
that is opened 36 hours before delivery and is closed at 12:00 CET on the day previous to
delivery. Almost all energy sold in the Nordic countries goes through the spot market. The
spot price forms the basic corner stone of the well-functioning Nordic market mechanism.

Intraday markets offer continuous trading to complete the day-ahead markets. In these
markets, for example adjustments to trades done in the day-ahead market, can be made
closer to delivery. Typically, the intra-day market opens after the day-ahead market is
closed. This is also the case for the Elbas market, the intraday market in place in Nord Pool.
(Ritter et al. 2017). The Elbas market has certain national specifications between the
NordPool countries; in Finland gate closure is just before start of each hour for trades within
Finland (piloting started end 2019 (Fingrid 2019d)), 30 minutes for trade between Finland
and Estonia and 60 minutes for trades between Finland and other countries (Nord Pool 2020.
The product length is one hour. Interestingly from the flexibility market point of view, also 15-
minute and 30-minute products are in place at least for trading in the German market area
(Nord Pool 2019). The intraday market is expected to gain in popularity with the increase in
wind and solar power production.

There is a variety of products that can be traded in the Nord Pool markets, both in the spot
and intraday markets. The spot market, for example, offers single hourly blocks, block
orders, minimum acceptance ratio, linking, flexi orders and exclusive orders. Interestingly for
the Smart Otaniemi, the so called flexi orders are block orders with a maximum duration of
23 consecutive hours. Their starting hour is determined by an algorithm instead of fixed by
the user, maximizing the value of flexibility from the social welfare point of view. The interval
limit of flexi orders can span any period from 0:00 to 24:00. (Nord Pool 2019)
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2.1.1.2 Locality

In the day-ahead and intraday market scheme in the Nordics and Finland, the main local
elements are presented by zonally split market areas. Thus, the supply and demand in the
Nord Pool spot bids in the Nordic/Baltic market are labelled according to these areas, of
which there are 15 at the moment in 7 countries (Nordic (FI, SE, NO and DK) and Baltic (EE,
LV, LT)).

The Nord Pool continuous intraday market, in turn, offers continuous intraday trading within
13 countries through the European Cross-Border Intraday Market (XBID) solution, customers
can trade on 12 intraday markets via Elbas and thus get access to a large intraday liquidity
pool. These encompass the Nordic, Baltic, German-Luxembourg, French, Dutch, Belgian,
and Austrian markets (Nord Pool website 2019). In global scale of even more fine-tuned
locational market structures (so called nodal markets), integrating physical and economic
dispatch even on a level of power plants, are operational (see e.g. Ruska & Simila 2011).

In addition to geographical dimensioning, another restricting factor for the day-ahead and
intraday markets is the bid size: according to the Nordic power exchange, Nord Pool (2019),
market participants can partake in the spot market and in the intraday market where one
hour slots, with a granularity of 0.1 MWh/h, are sold and bought. Thus, bidding units smaller
than this limit are ruled out from the markets. However, aggregators pooling together ether
resources of several partners can be raised up within the local flexibility market
considerations, as will be touched upon later in this report.

2.1.2 Capacity reserves

Capacity reserves for the energy market in Finland are power plants or demand response
units that are activated when the availability of commercial sell offers is insufficient to meet
the Finnish demand in the day ahead market. From a market perspective, the activation price
is the same as the ceiling price of the market. They are wholesale market operation reserves,
not system operation reserves per se. The capacities are decided upon every three years in
auctions by the Energy Authority and the capacity in the winter 2019/2020 is 729 MW. The
units get reimbursed for stand-by, as offered, and additionally if activated, according to their
actual production costs as given in their auction offers. (Energy Authority 2020)

Capacity reserves have not activated in years, and only a few times ever since the initiation
in 2007.

2.1.3 Frequency containment reserves markets (FCR-N, FCR-D)

The frequency containment reserves markets are based on automatic control based on local
frequency measurement. For Finland the allocated reserve amount of FCR-N is 138 MW and
of FCR-D 220-265 MW (Uusitalo 2019).

2.1.3.1 Flexibility

The products in FCR markets can be traded in both yearly and hourly markets organised by
Fingrid, and the procurements and prices are based on capacity (MW, €/ MW). The hourly
bids to the FCR-N and FCR-D markets shall be submitted for the hours of the next day until
18:30. (Fingrid 2018a)

FCR-N operates in a range keeping the frequency between 49.9 and 50.1 Hz. The FCR-N
resources must be symmetric, that is, they must be able to respond to demands for both up
and down regulation. In case of larger frequency deviations, the FCR-D markets are
activated. (Ritter et al. 2017)
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The energy amounts due to FRC-N but not FCR-D activation will be compensated according
to up and down regulation prices.

FCR-D is activated in case of larger frequency deviations in 5/30 seconds. Loads have an
option to participate with one step activation in 1-5 second activation time in larger frequency
disturbances. FCR-D applies only to up-regulation (power plants increase power, loads
decrease power). FCR-D has capacity payment based on availability. Price level of FCR-D
has been around 3 €/ MW/h in yearly market for each hour available and dozens of € MW/h in
the hourly market. (Fingrid 2018b)

2.1.3.2 Locality

According to the market rules (Fingrid 2018a), for both yearly and hourly market, the
minimum capacity of one bid for the FCR-N is 0.1 MW and for the FCR-D 1 MW.
Correspondingly, the maximum capacity of one bid for FCR-N is 5 MW and for the FCR-D 10
MW. Furthermore, the bids shall be submitted at an accuracy of 0.1 MW.

Clearly, the limitations on bids have an impact on the potential Smart Otaniemi project
demonstration to be taken into account in assessing different options, although aggregation
is possible. In addition, both the FCR-N and FCR-D markets have technical requirements to
be fulfilled (please see Fingrid 2018a). As one part of the FCR requirements, name or list of
the Reserve Units that are used for contributing to the maintaining of the reserves, are to be
specified in the bids submitted to Fingrid (Fingrid 2018a). FCR has no limitation on locality for
resources in Finland (resources can be acquired from Estonia or via the Vyborg DC-link from
Russia, Fingrid 2020b). From a system operator and FCR market perspective, there is no
value in having a specific Otaniemi bid. The inclusion of identifiers of units reflecting location-
specific elements make the FCR-N and FCR-D interesting for possible local flexibility market
business cases, in Smart Otaniemi or otherwere.

214 Frequency restoration reserves markets; Balancing energy market (FRR-M)

Balancing energy markets operated in Finland by Fingrid are a part of Nordic balancing
energy markets. Normal manually activated frequency restoration reserves (mMFRR or FRR-
M) form the basis of the balancing power market.

2141 Flexibility

Balancing bids can be submitted by all resources capable of implementing a power change
of 10 MW (5 MW for electric activation) in 15 minutes. Bids can be delivered and updated 45
minutes before each operating hour, and must be able to uphold the whole hour. Separate
up- and down-regulation bids are in use. (Ritter et al. 2017, Fingrid 2018b)

Marginal pricing is in use in balancing energy market operated by Fingrid, i.e. payment is
calculated by ordered energy and the most expensive bid used in each hour. Price level is
always better than the day ahead market price, sometimes the price in balancing energy
markets rises to hundreds or even to thousands of euros. (Fingrid 2018b)

Considering the potential of balancing power markets and Smart Otaniemi, the 5 or 10 MW
restriction in bid size challenges the capability of some small-scale resources to participate in
markets. On the other hand, time resolution relevant for flexibility and observed high prices
might be tempting for some loads located in the area to find a way to participate in balancing
markets, e.g. with the help of aggregators. At the moment, aggregation from multiple balance
responsible parties’ balances is not possible but is allowed between consumption and
production balances.
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2.1.4.2 Locality

Bids in the balancing market are activated in price order taking the technical conditions into
account (Fingrid 2018b). That is, the activation of bid takes place only if it is possible taking
the operating situation of the power system into account; otherwise the bid is neglected. The
expression on activation order above clearly signals the locational information only to be
accounted in exceptional cases in balancing markets, and the core idea of the market seems
to be independent of balancing bidders’ location. Hence, the added value of integrating
Local Flexibility Market in current balancing market architecture does not seem to be in
improving its locality-dependent criterion (e.g. congestion management) for the TSO, but for
the DSO, assuming the DSO were allowed to trigger bids. Pooling small-scale flexibility
capabilities locally and supplying them to balancing markets, however, represents an
alternative option. Bid sizes would either way still be a problem.

2.1.5 Frequency restoration reserves markets; reserve power and capacity market
(FRR-M for disturbances)

Fingrid meets its obligation for fast disturbance reserves with the reserve power plants it
owns and with the leasing power plants. The fast disturbance reserves (also part of the FRR-
M class) have to have the stamina for 36 hour disturbances. Fingrid’s own power plants and
leasing power plants are not used for commercial electricity production, instead, the
balancing power market is the main source for normal FRR-M. In end-2018, there were 301
MW of leasing reserve power plant capacity in Finland, whereas Fingrid’s own capacity
totalled 953 MW. The market of reserve power plants is organised as a yearly market with
same compensation for all market participants for maintaining the capacities. (Fingrid 2019a,
Ritter et al. 2017)

In spring 2016, a short-term capacity market for FRR-M/upregulation started (Ritter et al.
2017). The weekly balancing capacity market’s main target is to compensate for e.g.
maintenance in Fingrid’s own or leased fast disturbance reserves. Parties who have won
balancing capacity market contracts have the obligation to bid on the balancing energy
market.

Demand response and batteries would have a hard time answering to this call, as the
minimum contract if for one week, or with a durability of at least 36 hours, so this type of
disturbance reserves are in all probability outside the realms of Smart Otaniemi.

2.1.6 Automatic Frequency Restoration Reserve (aFRR)

“Automatic Frequency Restoration Reserve (aFRR) has been in operation in the Nordic
countries since 2013 but was put on hold in 2016 due to lacking offers. It started again in
2017. aFRR is maintained only in morning and evening hours and the allocated Finnish
share has been about 70 MW. aFRR bids can be submitted separately for upward and
downward capacity. The activation of aFRR is based on a power change signal calculated on
the base of the frequency deviation in the Nordic synchronized area and sent by the TSO.
Full activation is to be achieved in 2 minutes.” (Ritter et al. 2017)

The FRR-A markets have minimum bid size of 5 MW, and it is an hourly market with capacity
payment on availability based and activation payment. Capacity payment price levels have
resulted around dozens of euros/MW/h, and activation payments according to balancing
energy market price. (Fingrid 2018b)
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2.1.7 Potential new markets

21.7.1 Fast Frequency Reserve (FFR)
As less and less spinning power plants offering inertia are up and running, the question

arises, will the system survive large instantaneous changes, such as the loss of a single
electricity production unit or a HVDC link, without very fast reserves?

The Fast Frequency Reserve (FFR) is procured to handle low-inertia situations. The market
is schedule to be implemented in the Nordics in May 2020 and Fingrid will open a national
market. The needed volume of Fast Frequency Reserve depends on the prevailing inertia in
the power system and the size of the reference incident. The activation time of the FFR is
0.7...1.3 seconds, depending on frequency deviation from normal. The Finnish market will be
an hourly market, with the highest bid determining the price level for all. (Fingrid 2020b)

However, this is system specific issue and local aspects concern only microgrids.

2.2 Future harmonisation and developments planned in Nordic and
European (ENTSO-E) level concerning market structures

The system-wide markets are continuously changing, especially as the EU Commission is
pushing all parties on integration and harmonisation. Nordic Balancing Model development
plans and timetables are presented in Figure 2.

Figure 2. Nordic balancing model development timetable (NBM 2020)

At least the following changes are of interest when considering Local Flexibility Market
option:
e New FFR (Fast Frequency Reserve) market to be launched in 2020 to tackle large
frequency deviations in small inertia occasions. (Kuivaniemi & Uimonen 2019)

In the Nordic synchronous area securing frequency stability will in the future be
ensured by introducing a new fast reserve, Fast Frequency Reserve (FFR), as a
complement to the primary reserve for disturbances (FCR-D). FFR takes over as the

linertia is ability of the kinetic energy stored in the rotating masses in the electricity system to resist
changes in frequency



