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ABSTRACT

The European power system is transforming rapidly to climate changes mitigation integrating
more renewables, developing flexibility and enable consumers to play a more dominant role. For
electricity markets, this transition means that trading needs to move closer to real time while
respecting system adequacy, affordability, and security. As the system is changing, the more
efficient planning, scheduling and balancing of the power system also needs to be developed. This
thesis provides an analysis of operation of common balancing area based on a case study of the
Baltic common electricity energy market model. This model includes day-a-head, intraday and
balancing markets. The objectives of development of the common Baltic market were to increase
security, balancing efficiency, to increase availability of resources and to reduce the costs of
energy. Establishing the common Baltic balancing market required harmonization of market
frameworks of the three Baltic States including the settlement rules between market parties,
introduction of a coordinated balance control on a regional level and introduction of common
balancing IT platform. However, to stop climate change, it is necessary not only to eliminate the
emissions of electricity generation, but also to solve a more complex problem - to eliminate
emissions in other infrastructures, particularly in transport. The part of thesis is devoted to the
consideration of significant capacities of RES (10 GW) and 2 million of electric cars that are
expected to be commissioned until 2050 year. The issue of the region's ability to self-sufficiency,
export/import of energy and to reduce emissions into the atmosphere is being investigated [1] The
analysis is completed on the basis of modeling the behavior of the power system of Baltic States
taking into account the connections with Sweden, Finland and Poland.

The list of the most interesting problems includes the following tasks:

e An in-depth analysis has been conducted on the goals, tasks, resolution methods, and
technologies pertinent to the transformation of the energy systems in the Baltic States,
alongside the identification of the most critical research directions;

e Reserve Power Estimation in Alignment with the Baltic Power System 2050 Development
Plan is conducted;

e Anassessment of the risks of generation capacity shortages to cover peak load and deficits
in balancing capacity within the next decade has been conducted. An analysis of the
implementation of balancing capacity markets and capacity remuneration mechanisms as
measures capable of mitigating this risk has also been performed,

e Considering the substantial integration of renewable energy sources (10 GW) and 2 million
electric vehicles, scenarios for achieving self-sufficiency in the Baltic region's energy
systems have been thoroughly investigated.. The issue of the region's ability to
export/import of energy and to reduce emissions into the atmosphere is being investigated,

e Based on data from Nordic and Baltic markets, it is demonstrated that contracts linked to
dynamic market prices of electricity provide lower prices for end-users;



e A market-driven strategy has been devised to manage storage state of charge for energy
providers participating in primary frequency regulation. This approach showcases its
capacity to maintain sufficient resilience even in the face of worst-case scenarios, even
when the device is concurrently supplying multiple reserve products.
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INTRODUCTION

BACKGROUND AND RELEVANCE OF THE RESEARCH

In the European Union, efforts are currently underway to develop an energy policy framework
aimed at facilitating the shift towards clean energy [1] and bolstering the security and reliability
of energy provision. The Clean Energy Package, comprising a comprehensive set of regulations
and directives, is poised to bring about significant transformations [3][4][5][6]within the electricity
sector across Europe and the Baltic States. By 2050, the Baltic states have set ambitious targets:
to ramp up renewable energy production to 100%][7]. Further proliferation of RES necessitates
increased investments and efforts in ensuring balance of energy generation and consumption.
Intermittent generation and the poorly controllable nature of consumption elevates the problems
of energy storage and limited capacities of power plants and interconnecting power lines[8].
On the other hand, the demand side of electricity is also expected to experience rapid changes due
to electrification of several sectors of the economy, such as industry, transport, agriculture,
buildings and waste management[9].

This new policy framework enhances legal certainty by enacting the inaugural national energy and
climate plans, thereby fostering investments in this pivotal sector. Moreover, it seeks to notably
elevate the role of consumers and afford them opportunities to actively engage in the energy
transition process. Two fresh targets have been established for the European Union (EU) to achieve
by 2030:

1) a binding renewable energy target of at least 32%; and
2) an energy efficiency target of no less than 32.5% - with a potential upward revision in 2023.

As for the electricity market, the new policy reaffirms the 2030 interconnection target of 15% of
installed generation capacity, thus extending the 10% target set for the period leading up to 2020
[10].

To achieve the stated objectives, a series of technical measures must be implemented to safeguard
the affordability, stability, and security of electricity systems. Among these measures are:

e Synchronization of the Baltic transmission network with the Continental European energy
system by 2025. Baltic transmission system operators will need to ensure the capability to
participate in frequency regulation both under normal conditions and in the event of
incidents following the disconnection of a large generator or interconnection line failure.
Therefore, Baltic TSOs will need to maintain frequency regulation and balancing reserves
as stipulated by the Continental European synchronous operation agreement.
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e Modernization of transmission and distribution power grids, including the interconnection
of tie power lines to accommodate the forecasted sharp growth in electricity demand.

e Installation of energy storage units, including synchronous condensers, hydro pump power
plants, and batteries. The necessity of batteries is emphasized in a study commissioned by
the Baltic state grid operators - Lithuania's "Litgrid," Latvia's "Augstsprieguma tikls"
(AST), and Estonia's "Elering" - conducted by Japan's energy company TEPCO Power
Grid Inc. The study underscores that the development of Battery Energy Storage Systems
(BESS) represents the most effective strategy for Lithuania, Latvia, and Estonia to ensure
the reliable and resilient operation of their electricity grids, particularly as they strive for
complete reliance on renewable energy sources. Specifically, implementing a grid-forming
battery system with a capacity of 240 MW would mitigate the challenges posed by the
diminishing output of synchronous generators and the increasing integration of wind and
solar power generation, thereby enhancing system stability[11].

The outlined measures present a significant challenge for power systems researchers, development
planners, and decision-makers, including transmission system operators. There is still a need to
create extremely expensive power generating and balancing resources [12], reinforce transmission
and distribution grids, transform energy consumption, and to develop a sophisticated management
and control system based on a fully-fledged energy markets including balancing reserve market.
Promoting consumer response and aggregation is also crucial.

The implementation of the aforementioned plans for energy transformation requires concerted
efforts and actions from researchers, engineers, and managers from various economic sectors, as
well as multi-billion-dollar investments even in the case of relatively small regions like the Baltic
countries. The industry for producing necessary equipment is rapidly developing, prices of solar
and wind energy elements are falling [13], information technologies and communication are
advancing rapidly, and electrification of transportation is underway. However, many problems
remain unsolved or are inadequately addressed. This dissertation identifies one of them, labelling
it with two key words - continuous balancing and adequacy. Henrik Nordstrom, at all [12] refer
the issue of continuous balancing in a power system as a task to supplying the demanded power
at every time instant [12]. Resource adequacy in the field of electric power is the ability of the
electric grid to satisfy the end-user power demand at any time. The adequacy standard should
satisfy the chosen reliability index, typically the loss of load expectation of 1 day in 10 years (so
called "1-in-10") [13].

When solving the continuous balancing problem, we will confine ourselves to extreme specific
cases:

1. Long-term planning of the energy system structure, where the main challenge is ensuring
the balance of accessible power generation and uncontrollable consumption[14].
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2. Managing the operation mode of the energy system, where despite the variability of
generation and consumption, frequency is maintained within acceptable narrow limits.

Both mentioned problems will be considered within the conditions and peculiarities of the energy
systems of the Baltic region.

HYPOTHESIS, OBJECTIVE AND TASKS OF THE THESIS

Hypothesis

By developing an appropriate power system structure and utilising energy storage technologies, it
is possible to provide a cost-effective and energy-efficient energy supply. This can improve system
adequacy, stability, and flexibility, while also mitigating resource and electricity market price
volatility caused by an increase in intermittent renewable generation in the Baltic region.

Objective

The objective of this Thesis is to develop and evaluate a methodology and algorithms to facilitate
the selection of technologies, grid management, operation and development plans and control
algorithms. The aim is to promote a seamless energy transition for end users, ensuring that
electricity remains safe, reliable and affordable.

Tasks

1. An in-depth analysis has been conducted on the goals, tasks, resolution methods, and
technologies pertinent to the transformation of the energy systems in the Baltic States,
alongside the identification of the most critical research directions.

2. Reserve Power Estimation in Alignment with the Baltic Power System 2050 Development
Plan is conducted.

3. Anassessment of the risks of generation capacity shortages to cover peak load and deficits
in balancing capacity within the next decade has been conducted. An analysis of the
implementation of balancing capacity markets and capacity remuneration mechanisms as
measures capable of mitigating this risk has also been performed.

4. Considering the substantial integration of renewable energy sources (10 GW) and 2 million
electric vehicles, scenarios for achieving self-sufficiency in the Baltic region's energy
systems have been thoroughly investigated. The issue of the region's ability to
export/import energy and to reduce emissions into the atmosphere is being investigated.

5. Based on data from Nordic and Baltic markets, it is demonstrated that contracts linked to
dynamic market prices of electricity provide lower prices for end-users.

6. A market-driven strategy has been devised to manage storage state of charge for energy
providers participating in primary frequency regulation. This approach showcases its
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capacity to maintain sufficient resilience even in the face of worst-case scenarios, even
when the device is concurrently supplying multiple reserve products.

RESEARCH METHODS AND TOOLS

Research results presented in the Doctoral Thesis were performed using adapted software
modelling tools and algorithms developed at the Institute of Power Engineering of Riga Technical
University.

When modelling the different future scenarios (Chapters 2, 3, and 4), MATLAB and Excel were
used to organise the input data by scaling and adjusting it according to the situation assumptions.
For power system transient stability simulations, ETAP 12.5 grid simulation software was used
(under the license provided by the Riga Technical University).

For modelling power systems, electricity market data sets from NordPool, JSC “Augstsprieguma
tikls, JSC “Latvenergo”, and Latvian Environment, Geology and Meteorology Centre were
adapted and used.

SCIENTIFIC NOVELTY

An exhaustive analysis has been undertaken on the objectives, tasks, resolution methods, and
technologies relevant to the transformation of the energy systems in the Baltic States, coupled with
the identification of the most critical research directions. Additionally, a methodology for
estimating the capacity of reserve power plants has been developed in connection with the Baltic
Power System 2050 Development Plan, considering the influence of Poland, Sweden, and Finland
[16].

An evaluation of the risks associated with generation capacity shortages to meet peak load
demands and address deficits in balancing capacity over the next decade has been carried out.
Additionally, an analysis of the implementation of balancing capacity markets and capacity
remuneration mechanisms as measures to mitigate these risks has been conducted.

Furthermore, in light of the significant integration of renewable energy sources (10 GW) and 2
million electric vehicles, comprehensive scenarios for achieving self-sufficiency in the Baltic
region's energy systems have been thoroughly explored. Additionally, the region's capability to
facilitate energy export/import and reduce emissions into the atmosphere is under investigation.

An assessment of the impact of balancing market conditions and the applicability of battery energy
storage systems (BESS) on the operation of the Baltic energy system was conducted. To simulate
the operation of BESS, simulation software for the BESS control model was developed, and its
operation was simulated under various specified operating modes and scenarios.
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Based on data from Nordic and Baltic markets, it is demonstrated that contracts linked to dynamic
market prices of electricity provide lower prices for end-users[17].

A market-driven strategy has been devised to manage the storage state of charge for energy
providers participating in primary frequency regulation. This approach showcases its capacity to
maintain sufficient resilience even in the face of worst-case scenarios, even when the device is
concurrently supplying multiple reserve products. Two main markets were examined — Baltic
balancing market and Baltic day-ahead market.

PRACTICAL SIGNIFICANCE OF THE RESEARCHE

The practical significance of the research studies carried out by the author during the development
of the Doctoral Thesis have contributed to several research and innovation projects. Listed below,
they include not only national and international scientific projects but also contract work for a
major industry stakeholder..

1. Research contract “Development of mathematical models for an economic assessment of
demand-side flexibility resources and activation optimization of balancing reserves”
(2017-2018), commissioned by “Augstsprieguma tikls” AS (the Latvian TSO).

2. Project “Innovative emergency control of RES-dominated low-inertia power systems
(INNOVA)” (2024-2026), funded by the Latvian Council of Science.

3. Project “Future-proof development of the Latvian power system in an integrated Europe
(FutureProof)” (2018-2021), funded by the Ministry of Economics of the Republic of
Latvia within the National Research Programme “Energy”.

4. H2020 INTERRFACE project, funded by the European Union’s Horizon 2020 research
and innovation program under grant agreement No. 824330.

AUTHOR'S CONTRIBUTIONS

During the development of the Doctoral Thesis, the author participated in several collaborative
projects, implying tight cooperation with other expert members of the RTU Institute of Power
Engineering. Namely, the Baltic state power system parameter search tool and EV Assess tool
were adopted by the author together with researchers K. Baltputnis, Z. Broka, R. and L.
Petrichenko under the supervision of Professor A. Sauhats and Professor G. Junghans. The author
was involved in all stages of the work, including data extraction, model conceptualisation and
definition, case studies, and result analysis.
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VOLUME AND STRUCTURE OF THE THESIS

This Thesis is written in English. It consists of an introduction, four main chapters, conclusions
and a bibliography with 97 references. The Report contains 18 figures and 3 tables. The volume
of the Thesis is 143 pages. The appendices encompass the articles relevant to the Thesis research
field.

Chapter 1 provides an overview of the current status of the Baltic power system, alongside
anticipated future developments concerning the synchronization of the Baltics with the ENTSO-E
grid by 2025, and articulates the climate neutrality targets set for 2050. Background information
on power system infrastructure, including power lines, primary power plants, inertia, frequency,
and synchronous condensers, is examined. The benefits of the electricity industry transitioning
from fixed to spot-like end-user prices are highlighted.

Chapter 2 elucidates the role and benefits of regional balancing areas within the context of
addressing future challenges to system adequacy resulting from energy transmission. It delves into
the significance of these areas in orchestrating balancing markets effectively.

Chapter 3 introduces a comprehensive concept and methodology for forecasting system adequacy
from 2030 to 2050. It establishes a structured framework for estimating reserve power, leveraging
insights from the Baltic power system's 2050 development plan. The analysis employs both
historical and forecasted data, utilizing the Fourier transformation of prices to enhance accuracy
and reliability. The estimation of reserve power is firmly grounded in alignment with the objectives
outlined in the Baltic power system's 2050 development plan. The in-house RTU power market
model is used.

Chapter 4 is devoted to the consideration of scenarios for the development of the energy systems
of the Baltic countries. Significant capacities of RES (10 GW) and 2 million electric cars are
expected to be commissioned by the 2050 year. The issue of the region's ability to self-sufficiency,
export/import of energy, and reduce emissions into the atmosphere is being investigated. The
analysis is completed on the basis of modelling the behaviour of the power system of Baltic states,
taking into account the connections with Sweden, Finland and Poland. The chapter elucidates the
market-based storage management strategy for FCR providers with limited energy reservoirs
within the context of addressing future challenges to system adequacy.
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1. TRANSFORMATION OF THE ENERGY SECTOR
IN THE BALTIC STATES
1.1. BALTIC POWER SYSTEM

The objectives of the Latvian transmission system operator, in accordance with the guidelines of
the European Union's common energy policy, are to ensure the stable operation of the electricity
transmission system and secure electricity supply to consumers [17]. At the same time, the
transmission system operator must promote the functioning of the electricity market [ 18] and assist
the electricity production industry in gradually transitioning to more environmentally friendly
electricity generation. The Latvian electricity market is relatively small - from the perspective of
electricity consumption [19], Latvia's market size accounts for less than 2% of the total
Scandinavian-Baltic market, or approximately 0.25% of the total European electricity market.
Ensuring self-sufficiency in electricity supply and security for Latvia would come at a very high
cost. Therefore, integration into the unified European electricity market is critically important for
Latvia [20]. Over the past decade, the Baltic transmission system operators have been tirelessly
working towards the integration of the Baltic energy system into the European market [21]. The
first interconnection between the Baltic and Scandinavian transmission systems was
commissioned in the beginning of 2007, with a capacity of 350 MW (Estonia-Finland) [22]. In
2023, four interconnections between the Baltic and European transmission systems have been put
into operation[23], with a total installed capacity of 2200 MW, representing approximately 50%
of the maximum Baltic electricity consumption. The construction of interconnections has
significantly increased the security of electricity supply in the Baltic region and ensured the
integration of the Baltic States into the European electricity market.

Installed capacity of power plants in the Baltic states
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Fig. 1.1 Installed capacity of the power plants in the Baltic states (MW)[24].
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In the Baltics, a reduction in production capacity is expected. Currently, the total installed capacity
in Baltic power plants (Fig. 1.1) amounts to around 9000 MW/[24], which is approximately twice
the maximum consumption in the Baltic region.

Among these, about 5000 MW of installed capacity (Fig. 1.2) is in large thermal power plants
(mainly using gas and coal as fuel). According to the capacity adequacy assessment conducted by
Baltic transmission system operators for the next decade [25], a significant decrease in production
capacity is foreseen after 2020, as older gas and coal-fired power plants exit the market.

Electricity produced in the Baltic states 2023 (%)
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Fig. 1.2 Electricity produced in the Baltic States 2023 [26].

By 2030, production capacities totaling around 2300 MW could be closed in the Baltics, which is
roughly half of the existing capacity of large thermal power plants. As production capacities
decrease in the Baltics, the importance of interconnections will increase in ensuring electricity
supply. Interconnections will ensure both electricity exchange and the provision of system services
(reserves) necessary for the security of supply between countries [27].

The costs of production technologies based on renewable energy sources are rapidly decreasing
worldwide[28]. It is expected that in the future, decentralized generation and generation based on
renewable energy sources will continue to develop in Europe and Baltics [29]. Currently, there are
already about 5500 units of decentralized generation operating in the Baltics, and further
development is expected in the future. The total installed capacity of wind power plants in the
Baltics currently exceeds 1871 MW, but solar 2280 MW, [24] which is approximately 87% of the
Baltic peak consumption (MW) (Fig. 1.2)[30] . Considering the competitive costs of wind
generation compared to other generation types, further development of this generation type is
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expected in the Baltics. Strengthening and integrating the Baltic transmission network with the
European transmission network is a prerequisite for enabling the further connection of large
volumes of renewable energy power plants to the Baltic energy system. The transmission system
operators of the Nordic and Baltic countries have jointly conducted an analysis of electricity supply

adequacy in the region (Fig. 1.3). According to an ENTSO-E report [31], the upcoming winter of
2022,
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Fig. 1.3 Assessment of Production and Interconnection Capacity Adequacy. Source: AST, Elering,
Litgrid.

particularly in January and February, is expected to carry a higher risk of energy unavailability
and overall lower security reserves compared to previous years. In the event of low water levels
in hydroelectric reservoirs, risks of electricity supply adequacy may arise in the southern parts of
Sweden and Norway, as well as in the eastern regions of Denmark. If there is a reduction in
production capacity at nuclear power plants, risks of energy inadequacy may increase in southern
Sweden and Finland - in electricity trading areas that depend on imports.

Alongside the construction of interconnections between the Baltic and European transmission
systems, Baltic transmission system operators are strengthening the Baltic transmission network.

In the development plan of Latvia's electricity transmission system, investments totaling 445
million euros are planned for the period from 2023 to 2032 [32]. For five projects, with estimated
investments of 224 million euros over a 10-year period. Currently, financing has been allocated to
three projects - the construction of the third
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Fig. 1.4 Key Development Projects of the Baltic 330 kV Transmission Network.

phase of the "Kurzeme Loop" transmission line and substations (total investment - 128 million
euros), the construction of the third interconnection transmission line between Latvia and Estonia
and the expansion of the substation (total investment - 102 million euros), and the construction of
new 330 kV transmission lines connecting Riga TEC-2 with Riga HES (total investment - 20
million euros) (Fig. 1.4) [27].

1.2. THE PARTS OF THE EUROPEAN SINGLE ELECTRICITY
MARKET

The harmonization of the Baltic electricity market model with the unified European market model
[33] continues. Creating a unified regional electricity market requires more than just building
interconnections. Different market models can significantly restrict or even block cross-border
trading despite the existence of physical interconnections. Therefore, based on the European
Commission's electricity network codes, transmission system operators of EU member states are
implementing a unified market model in their respective countries with the aim of ensuring that
the electricity market in Europe operates effectively as one cohesive market [34].
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The European electricity market model consists of four parts:

The Day-Ahead Market is currently the main market where standardized supply
transactions for the next day are closed by the purchased and sold volume of electricity per
hour. The European Network Code establishes rules for the creation of a coordinated
European Day-Ahead Market. Therefore, transmission system operators of EU member
states, in collaboration with electricity exchanges, are implementing the Multi-Regional
Coupling project, where the main principle is a unified platform and a unified algorithm
for determining prices and cross-border flows. This complex project, the largest of its kind
in EU practice, is being successfully implemented, and currently, 75% of the entire
European electricity market is integrated through the centralized platform, including Latvia
and the rest of the Baltic states.

The Intraday Market also serves as a physical delivery market, which opens immediately
after the closure of the Day-Ahead Market. In this market, participants can enter into
delivery transactions up to 1 hour before the real-time hour. With the increasing variability
and decentralization of generation, it becomes increasingly challenging for market
participants to balance supply and demand in the Day-Ahead Market. Therefore, in the
Intraday Market, participants can make additional transactions to balance supplies. The
European Network Code sets out requirements for the establishment of a coordinated
European Intraday Market. Therefore, European transmission system operators, in
collaboration with exchanges, are working on the creation of a unified European Intraday
Market platform (the XBID project). The first phase of this extensive project was
introduced in the first quarter of 2018, and the first set of EU member states, including the
Baltic states, will begin organizing the Intraday Market through the unified European
XBID platform. Over the past few years, the day-ahead and intraday markets underwent
significant progress in terms of market integration. Both markets now fully couple all
European bidding zones, thereby ensuring that electricity exchanges always occur in the
direction that maximises social welfare. To do so, capacity is implicitly allocated to the
electricity trades that create most welfare to the coupled European bidding zones. Since all
bidding zones are now part of a single coupled market in the day-ahead and intraday
timeframe [21]

The balancing market is a crucial tool for transmission system operators to fulfill one of
their most important functions - ensuring continuous balance of electricity in the system,
where rapidly increasing variable and distributed generation exists. In the balancing
market, market participants sell manually activatable frequency regulation reserves to
the transmission system operators in real-time (for example, increasing or decreasing
power generation at power plants upon the request of the system operator). With the aim
of introducing a unified European balancing market based on a unified European balancing

market platform, currently more than 20 European transmission system operators,
including those from all Baltic states, are working on the Unified Balancing Market

22



Platform project (the MARI project). The Electricity Balancing Regulation, which entered
into force in 2017, lays down detailed rules on electricity balancing. It further allows TSOs
to voluntarily engage in cooperations where they harmonise the procurement and exchange
of balancing capacity and the sharing of reserves, including the allocation of cross-zonal
capacity. Finally, it strives to implement an integrated balancing market, where TSOs will
procure, exchange, and use both balancing energy and capacity in an economically efficient
and market-based manner [35]. The main achievements accomplished in 2022 in the
balancing timeframe undoubtedly relate to the go-live of two European balancing
platforms, the automatic frequency restoration reserve (aFRR) platform and the manual
frequency restoration reserve (mFRR) platforms (respectively in the context of the projects
named PICASSO and MARI) [21].

e The Capacity Market serves to guarantee sufficient reliable volume of energy is
accessible by providing payments to encourage investment in new capacity or for existing
power plant to remain in use. In addition to the European platforms for the exchange of
balancing energy, there are three cooperations which allow for the exchange of balancing
capacity:

o Nordic aFRR market: Pursuant to Article 41 of the Electricity Balancing
Regulation, the Nordic TSOs submitted to the Nordic NRAs a methodology for a
market-based allocation process of cross-zonal capacity for the exchange of
balancing capacity or sharing of reserves. This methodology was referred to ACER,
which approved it in August 2020. Following ACER’s Decision, the Nordic TSOs
implemented the Nordic aFRR capacity market, which began its operation on 7
December 2022. Taking stock of this successful implementation project, a common
Nordic capacity market also for mFRR is expected to follow in the coming years
for mFRR as well [21], [36].

1.3. STRATEGIES FOR POWER SYSTEM FREQUENCY
REGULATION

Power systems are planned to operate at a specific nominal frequency, typically 50 Hz or 60 Hz,
depending on the region. Variations in power demand, changes in generation capacity, and
unforeseen events such as equipment failures can cause deviations in system frequency. Frequency
control and regulation refer to the instruments and techniques engaged in maintaining the
frequency of a power system within acceptable, strongly restricted bounds. In an interconnected
power grid, the frequency of the alternating current (AC) waveform must be regulated closely to
ensure the stable operation of electrical devices and equipment. Frequency control and regulation
encompass a spectrum of actions that can be categorized into two primary groups: emergency
control and regulation.

1. Emergency Control: Emergency control measures are implemented to restore the grid's
frequency to its nominal value during unplanned, sudden and, severe frequency deviations.
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These measures are crucial to prevent cascading failures and blackouts. Emergency control
actions may include actions to balance energy supply with demand:

o Load shedding;

e Generator tripping;

o Leveraging stored energy resources, such as Battery Energy Storage Systems
(BESS), to either inject or withdraw additional power from the grid as needed.

2. Frequency Regulation: FR refers to the continuous adjustment of power generation or
demand to maintain system frequency within acceptable limits under normal operating
conditions. FR systems continuously monitor grid frequency and correct generator outputs in
real-time to keep the frequency within a specified range. FR systems use feedback control
loops to maintain the balance between generation and consumption, making rapid adjustments
based on frequency deviations. Power systems frequency control and regulation become more
complex in interconnected grids where multiple utility companies and generation sources are
involved. Interconnected grids require precise synchronization of frequency and phase
between different regions to maintain system stability.

Overall, frequency emergency control and regulation ensures grid stability, reliability, and
resilience against disturbances and emergencies, and play a crucial role in performing these tasks
successfully. Frequency regulation encompasses three distinct groups of measures: primary,
secondary, and tertiary regulations.

L.

Primary Frequency Regulation: Primary frequency regulation is the immediate response
of power generation sources to changes in load demand or generation capacity. Automatic
generation control (AGC) systems continuously monitor system frequency and adjust
generator output accordingly to restore frequency deviations within seconds or minutes.
Generators with fast response times, such as gas turbines and hydroelectric plants, often
provide primary frequency regulation.

Secondary Frequency Regulation: Secondary frequency regulation supplements primary
frequency control by providing additional fine-tuning of generation output to maintain
system frequency within tighter tolerances. This is typically achieved through automatic
generation control algorithms and coordinated actions among multiple generators and
control devices.

Tertiary frequency regulation: Tertiary frequency regulation refers to the fine-tuning
adjustments made to power generation or consumption in response to longer-term
fluctuations in grid frequency. Unlike primary and secondary frequency regulation, which
address immediate and short-term frequency deviations, tertiary regulation handles more
gradual changes over extended periods (in Baltic 1 h.). Tertiary frequency regulation
operates on a longer time scale compared to primary and secondary regulation. While
primary and secondary regulation respond to frequency deviations within seconds or
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minutes, tertiary regulation may involve adjustments over minutes to hours. Tertiary
frequency regulation resources typically include slower-responding assets such as reserve
power generation capacity, demand response programs, energy storage systems (such as
batteries or pumped hydro storage), and interconnection with neighboring power systems
or grid regions.

In implementing listed frequency regulation measures, two types of reserves are maintained-
containment reserves and restoration reserves.

Frequency Containment Reserve (FCR):

o Frequency containment reserve denotes a reserve capacity that can be rapidly
activated to neutralize deviations in system frequency.

o FCR is part of the primary frequency regulation mechanism.

¢ FCR is provided by generators and other resources that are capable of quickly
adjusting their output in response to frequency deviations. These resources are
typically equipped with automatic frequency control systems.

Frequency Restoration Reserve (FRR):

« FRR is a reserve capacity that is activated in the event of significant disturbances
or contingencies that cause severe frequency deviations.
¢ FRRis part of the secondary frequency regulation mechanism.
e FRR resources are typically slower-responding compared to FCR resources, but
provide larger reserves and can sustain their output for longer durations.
¢ FRR resources may include additional generation capacity, energy storage systems,
or demand response programs that can be activated to restore system frequency.
In summary, Frequency Containment Reserve (FCR) and Frequency Restoration Reserve (FRR)
are two types of reserve capacity within a power system that are activated to regulate system
frequency and maintain stability in response to changes in power demand or supply and
unexpected disturbances or contingencies. FCR provides rapid response to small frequency
deviations, while FRR provides additional reserve capacity to address larger disturbances and
restore system frequency to its nominal value [38]- [43].

1.4. TREND OF CHANGE

In the future, the risk of insufficient electricity supply capacity will increase. The national energy
and climate plans[44] developed by the Baltic states for the period up to 2030 envisage a
significant increase in the share of renewable energy resources in final consumption[47].
Therefore, in the next decade, there is expected to be a notable development of wind, solar[47],
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and distributed generation in the Baltic electricity system[51], leading to an increased need for
balancing capacity. The planned synchronization of the Baltic energy system with the continental
European power system in 2025 will also increase the need for frequency and balancing
reserves [51]. At the same time, as non-competitive thermal power plants are phased out,
centralized and controllable capacities in the Baltics will decrease. With this trend continuing, the
risk of insufficient electricity supply capacity will increase in the future. Therefore, it is important
to be aware of activities that help [58]-[66] mitigate this risk and to take timely action. Renewable
energy resources replacing fossil fuels.

In recent years, there have not been rapid changes in the structure of Baltic electricity production
[26], but there's a clear persistent trend towards increasing production from renewable energy
resources[45] and decreasing production from fossil fuels. Electricity consumption has been stable
with a slight upward trend in recent years. Over the past five years, consumption in Estonia has
increased by 7%, while in Latvia, it has increased by 2%. Data published by Lithuania [47] shows
a 26% increase in consumption over the past five years, but most of the reported consumption
growth since 2017 is due to changes in consumption accounting methodology, including
consumption from the Kruonis Hydroelectric Power Plant in pump mode. In recent years, around
80% of consumed electricity in the Baltic region has been generated locally, with approximately
60% derived from fossil fuels (mainly coal and natural gas) and 40% from renewable energy
resources (mainly hydro and wind energy). In 2017 and 2018, electricity generation from
renewable energy resources reached historically high levels, exceeding 10 TWh and 8 TWh
respectively.

The largest CO2 emitters will be phased out of the market. Estonia's coal-fired power plants
have played a significant role in the Baltic energy system. In recent years, coal-fired power plants
have produced around 9-10 TWh of electricity annually, accounting for approximately half of the
total generation in the Baltic region. It's important to note that since coal is sourced domestically
in Estonia, these power plants have ensured electricity production independent of external resource
suppliers.

However, coal combustion generates a considerable amount of emissions, especially CO2
emissions., Thus the profitability of these power plants is particularly affected by changes in the
price of CO2 emission quotas in the European market. In recent years, the stable production
volumes of coal-fired power plants have been consistently supported by low and stable prices of
CO2 emission quotas (Fig. 1.5). However, as of the beginning of 2019, the price of CO2 emission
quotas exceeded 20 EUR per tonne, reaching as high as 29 EUR per tonne in July alone. As a
result, electricity generation from coal-fired power plants significantly decreased.
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Fig. 1.5. CO2 Emission Allowance Price in Europe (EUR/t) and Electricity Generation in Estonia.
Source: Nord Pool.

In July 2019, the Estonian national energy company Eesti Energia announced that, for the first
time in the company's history, there was no electricity production in coal-fired power plants during
an 8-hour period on June 28. In January 2019, electricity generation at Narva power plants reached
1900 MW during peak consumption hours, while in June, generation fluctuated within a range of
50-200 MW.

In the first ten months of 2019, Estonia produced 517 GWh of electricity, which is 41% less than
in a similar period in 2018. Overall in the Baltic region, electricity generation decreased by 22%
during the same period.

In the region, centralized, regulated production capacity is lessening. Over the past five years,
the total installed capacity of power plants in the Baltic region has been relatively stable and
currently exceeds 9000 MW, which is approximately twice the peak maximum consumption in the
Baltics. Over the last five years, the installed capacity of gas-fired power plants has decreased by
25% (about 1000 MW), primarily due to the closure of older gas-fired power plant units in
Lithuania. Meanwhile, the significant increase in production capacity has been facilitated by the
commissioning of new wind and biomass power plants (with a total capacity of approximately 600
MW), as well as the commissioning of the new 300 MW Auvere coal-fired power plant in Estonia
in 2015.

It is expected that in the coming years, the capacity of large centralized base power plants in the
Baltics will continue to decrease, mainly due to the reduction in production from non-competitive
older thermal power plant units in Estonia and Lithuania. At the same time, largely due to the
development of wind farms, it is anticipated that the total installed production capacity in the Baltic
region will increase. Considering the National Energy and Climate Plans published by the Baltic
States, which outline the countries' intentions regarding the development of renewable energy

27



production by 2030, it can be concluded that by 2030, the amount of electricity generated from
renewable energy sources in the Baltics could reach at least 13 TWh per year, which is 5 TWh per
year more than in 2018 and corresponds to at least 40% of electricity consumption in the Baltics
[52]-[56]. Moreover, it is expected that wind farms will provide the majority of the new production
capacity.

In the coming years, the risk of insufficient electricity supply capacity will increase. The Baltic
transmission system operators regularly assess the security of the Baltic region's electricity systems
and the adequacy of capacity in the region. The TSOs prepare scenarios for the development of
generation capacity, which provide an idea of how the balance between generation capacity and
demand will change in the coming years, as well as the risks to energy supply security. According
to the TSO's assessment, it will be technically feasible to cover maximum loads in the Baltic region
with local generation capacity (without support from electricity supply via interconnections from
neighboring energy systems) until 2020. After 2020, the adequacy of the Baltic States' electricity
supply capacity will depend on imports via interconnections from neighboring electricity systems.
The reserve capacity available for peak load coverage will significantly decrease after 2025 when
the Baltic transmission system disconnects from the integrated Russian energy system and begins
synchronous operation with the Continental European electricity system. However, after 2030, the
generation and import capacity of the Baltic energy systems will no longer be sufficient to cover
peak loads and ensure an adequate level of security in the Baltic States' electricity systems under
normal conditions, with the capacity deficit reaching up to 360 MW. The generation capacity
development scenarios created by the TSOs indicate the need for new electricity and balancing
resources development in the Baltic region to ensure the security and quality of electricity supply.

New balancing capacities are needed. The demand for balancing capacities in the energy system
is expected to increase. Approximately 12-15 years ago, when the electricity market was
introduced, transmission system operators faced the first increase in volatility. Interregional
electricity trading flows became more unpredictable. The direction of flows was no longer
influenced by transmission system operators but rather moved from regions with lower prices to
regions with higher prices, as with any commodity where price is determined based on market
principles. Six to eight years ago, when the rapid development of wind and solar power plants
began, transmission system operators encountered a second increase in volatility. For several years
now, similar to elsewhere in Europe, wind and solar power plants have dominated the newly
commissioned generation capacity in the Baltics. Currently, energy system management is rapidly
changing. There is an increase in the volatility of flows and energy balances in the energy system,
making it more difficult to forecast the system's condition. Therefore, there is a growing need for
additional balancing capacities to be used in energy system management.

Furthermore, it should be noted that currently, the Baltic electricity transmission system is
integrated into the unified energy system BRELL, where the grid frequency is centrally regulated
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in Russia. Due to the planned switch of the Baltic transmission grid to synchronous operation with
the continental European energy system, by 2025, Baltic transmission system operators will need
to ensure the ability to participate in frequency regulation both under normal conditions and in the
event of an incident following the disconnection of a large generator or interconnector line.
Therefore, Baltic TSOs will need to maintain frequency regulation and balancing reserves as
required by the synchronous operation agreement of continental Europe. Table 1.1 shows
indicative volumes of the necessary reserves [54]. This poses a significant challenge for
transmission system operators, as there is still a need to develop a fully-fledged balancing reserve
market in the Baltics and create the necessary balancing resources.

Table 1.1

Indicative volumes of necessary reserves for Baltic TSOs after synchronization with the continental
European power system in 2025 (MW)

Type of reserve products Baltic
FCR 30
aFRR up 100
aFRR down 100
mFRR up 600
mFRR down 600

FCR — Frequency Containment Reserve (must be able to start within a few seconds after an incident and activate
100% of reserve capacity within 30 seconds).

aFRR — Automated Frequency Restoration Reserve (managed with centralized, automatic generation control;
activated to full capacity within a few minutes after a system incident)

mFRR — Manual Frequency Restoration Reserve (activated manually, brought to full capacity within a few minutes)

1.5. WHAT TO DO?

Directions to promote adequacy of power supply and development of balancing capacity:

1. Promote generation development. Various promotion instruments are available, but
primarily it is necessary to start by reducing existing barriers and avoiding the creation of
new ones (including bureaucratic obstacles, permit acquisition, producer fees, etc.).

2. Invest in grid development. Grid development is necessary for connecting large-scale
renewable energy generation and balancing the energy system. For example, this year, JSC
"Augstsprieguma tikls" commissioned the final section of the Kurzeme 330 kV
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transmission line. Now, the transmission network in the western part of Latvia is capable
of accommodating up to 800 MW of wind power.

Promote consumer response and aggregation. Currently, the potential for consumer
response in Latvia and the Baltic region is not utilized for balancing the energy system. To
achieve this, the first necessary step is to establish the necessary regulations for
independent aggregators to enter the market, which is a prerequisite for the development
of consumer response and aggregation. This would enable aggregator competition
equivalent to producers, make the energy system more flexible and secure with lower
investments in power plants, and simultaneously promote the development of new market
products.

Develop the balancing market. Especially after the planned synchronization of the Baltic
energy system with the Continental European grid in 2025, Latvia's transmission system
operator will require additional and new types of balancing reserves. Therefore, it is
necessary to continue to undertake the necessary activities to develop a balancing reserve
market in Latvia, which involves integration into the broader European balancing market,
serving as a commercial environment for the development and trading of balancing
resources. It is crucial to ensure that the Baltic states, including Latvia, can join the MARI
energy market platform by the end of 2024, followed by the PICASSO energy market
platform in early 2025. This year will be significant not only because the Baltic states will
be synchronized with Continental Europe but also because the balancing market model will
change significantly as market participants gain access to the Baltic Balancing Reserve
Capacity Auction. Given the activities that need to be carried out, they cannot be performed
in isolation from the electricity market. The electricity market also requires changes to its
market design, specifically the introduction of a 15-minute trading interval from the day-
ahead market to the balancing market.
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2. BALTIC POWER SYSTEM ADEQUACY FORECASTING
2.1. METHODOLOGY OF MODELING

A modelling platform for a comprehensive assessment of the energy balance of the Baltic power
system (BPS) there is a need for a list of mathematical models. The dropped flowchart in Fig. 2.
reflects the structure of the required models for analysing BPS energy balance.

As can be seen from Fig. 2.1., two different methods are applied for the BPS operating mode
forecast:

e Assessment of recorded time-series impact on the BPS operating mode (historical data);
e The scenario approach; the primary objective is to forecast BPS power consumption, power
generation, etc.

The scenario generator block, depicted in Fig. 2.1, operates with a relatively large amount of data
for BPS modelling: power generation (P GEN) and consumption (P CON) in BPS, electricity
market prices (Price EL) in neighbouring countries that have interconnections through
transmission lines with BPS, etc.

The final step of BPS modelling provides an opportunity with an hourly discretisation step to
analyse the power disbalance of the BPS, its energy import/export and energy prices.

Historical data of: =X Data forecast of:
® Peen o PN
e Pcox e Pcov

o Pricen =) . Pricers

Scenario generator

Power system model

Energy market model

R
______’______.

P DISBALANCE/BALANCE
P EXPORTIMPORT
P RESERVE STATUS

Price L Bps

Fig. 2.1. The structure of the modelling platform.
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2.2. MODEL OF BALTIC POWER SYSTEM

Baltic power system (BPS) Fig. 2.2. model includes separate comprehensive mathematical models
(submodels) correspondingly to the existing and foreseeable energy sources: pumped storage
hydropower plants [60] [59], hydropower plants (HPP) [59], [61]; small hydropower plants
(sHPP); solar power plants (SPP); wind power plants (WPP); electric vehicles (EV); power reserve
(PR (cogeneration power plants and thermal power plants)) [62]-[64]; bioenergy power plants
(BPP); BPS electricity demand and interconnections between the Baltic power system and Finland,
Sweden and Poland [66].

Furthermore, each submodel considers a wide range of specific features: technic-economic
limitations as well as environmental constraints. BPS internal distribution network (330 kV)
represents a simplified mathematical model excluding power losses and limitations of transmission
line capacities.

The considered BPS mathematical model encompasses the interconnection potentials of Finland
(Estonia—Finland), Sweden (Lithuania—Sweden), Poland (Lithuania—Poland). Environmental
conditions have an impact on the transmission line features [66]. However, the thesis assumes
corresponding capacities of transmission lines: 1 016 MW (Estonia— Finland), 700 MW
(Lithuania—Sweden) and 1 700 MW (Lithuania—Poland). In that way, the mathematical model of
the BPS provides an opportunity for analysing energy balance of the Baltic power system.

FINLAND
t 1086 MW
i

Fig. 2.2. The structure of the modelled BPS.
2.3. ENERGY MARKET MODEL

Another speculation of the article is that the plants’ shareholders strive to increase their
profitability and are forced to follow the technical and legal constraints established by the laws of
the NordPool [68] day-ahead electricity market, the government and the networks. The final two
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steps of the modelling structure work together to achieve optimal power flows. The objective is to
maximise the benefits of energy export while minimising expenses related to energy import and
local power reserves.

Table 2.1 provides data of forecast total power consumption and power generation by source for
Scenario 1 (BPS 2030), for Scenario 2 (BPS 2050) and for Scenario 3 (BPS 2050).

Table 2.2. presents the maximum values of the predicted power consumption and power generation
by source for the BPS modelling scenarios under consideration [70]. The forecast Baltic power
system consumption (BPSC) in 2030 is 37.86 TWh. The forecast BPS consumption in 2050 is
41.80 TWh [74]-[79].

Taking into account the development plans of the Baltic countries regarding the integration of
EVs, the following assumptions are considered in the Thesis:

* The total number of EVs for 2030 and 2050 is EUR 1 million and 3 million, respectively.
* The average daily mileage is 15 km/day. The average energy consumption equals 0.3 kWh/km.
* The energy storage capacity of EV batteries is 90 kWh.

Also, all the cars will be charged evenly overnight, from 11 p.m. to 7 a.m. (for 8 hours) when the
predicted market price will be lower than during business hours. An increasing trend in the
installed capacities of renewable energy sources (RES) can be observed in the second part of

Table 2.1, in columns SPP and WPP, respectively. It has to be noted that in Scenario 2 and Scenario
3, the RES installed capacity differs twofold. Assessment of the impact of renewable energy
sources on the BPS energy balance is a major reason for the difference of the above parameters.
The capacity of the local power reserve is supported by conventional power plants that emit
greenhouse gases into the atmosphere. The power reserve (PR) value summarises the capacities of
thermal power plants (TPP) located in Estonia and fuelled by oil shale. Also, the PR includes
existing and planned CHPPs in Latvia and Lithuania. In the long-term perspective, the capacity of
fossil energy production is planned to be limited. For example, in the long term, the Estonian
National Energy Sector Development Plan implies a reduction in CO2 emissions by reducing oil
shale TPPs [67].

The last column of Table 2.2, titled “PR”, reflects a trend of conventional power plant capacity
reduction. Thus, the hourly available PR capacity in 2030 is equal to 4 300 MWh (Scenario 1).
Due to the policies of reducing CO2 emissions into the atmosphere, it is planned to reduce reserve
power hourly capacity to the 1 500 MWh (Scenario 2 and Scenario 3). Capacity reduction of
conventional power plants is a questionable development plan for the energy sector and more in-
depth consideration and argumentation are required.
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Table 2.1.

Power consumption and power generation data for modelling scenarios 1, 2 and 3

BPSC | SPP | WPP | HP | sHP | BPP | PSHP
TWh | TWh | TWh | TWh | TWh | TWh | TWh
1 | 3786 | 1.74 | 11.66 | 1.9 | 034 | 3.52 2.85
2 | 418 | 219 |17.64| 19 | 0.34 | 3.52 2.85
3 41.8 | 452 | 3457 | 19 | 034 | 3.52 2.85

Table 2.2.

Maximal power consumption and maximal power generation data for modelling scenarios 1, 2

Power system maodel

-

I

Energy market model

P DISBALANCERATANCE

P exrorTourort
P REsERVE STATUS
Price L nrs

Fig. 2.3. Applied simplified structure of energy market model.
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Fig. 2.5. The impact of the power reserve on the BPS energy balance.

The capacity of the local power reserve is supported by conventional power plants that emit
greenhouse gas into the atmosphere. The power reserve (PR) value summarises the capacities of
thermal power plants (TPP) located in Estonia and fuelled by oil shale. Also, the PR includes
existing and planned CHPPs in Latvia and Lithuania.

2.4. ESTIMATION OF MINIMUM POWER RESERVE
MAINTENANCE

The value of power reserve needed to terminate the BPS's energy deficit can vary in a sufficiently
wide range. Thus, the maximum capacity of power reserve needed to compensate energy deficit
in BPS 2030 equals 1 740 MWh (Fig. 2.6.). At the same time, frequency analysis of required PR
activation for BPS 2030 energy deficit compensation shows that the above maximum value was
applied only once during a whole year. However, to ensure the BPS 2030 energy balance, it is vital
to maintain the required amount of power reserve. Accordingly, to the results of

Table 2.1, the power reserve capacity in 2030 will be 4 300 MWh. It can be noted that the
maintained PR value covers the energy deficit in BPS 2030. The histogram in Fig. shows an
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opposite result. Here, the maximum capacity of energy deficit in 2050 is 2 890 MWh. As listed in
Table 2.1, the planned power reserve capacity in 2050 is 1 500 MW. As a consequence of short-
sighted energy sector development policies, the planned PR capacity cannot compensate the
energy deficit. As a result, the maximum hourly energy deficit in BPS2050 remains equal to 1 390
MWh. It is expected that a significant number of RES will help in energy balancing. Fig. 2.8.shows
a bar diagram of required capacities to balance the BPS 2050 energy deficit in Scenario 3. In
contrast with the previous case of Scenario 2, where the maximum hourly energy deficit capacity
was 2 890 MWh, the result of the twofold increase in the RES installed capacity led to a maximum
hourly energy deficit of 2 756 MWh. As in the previous case, the planned amount of power reserve
cannot cover the energy deficit and BPS 2050 continues to be unbalanced.
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Fig. 2.6. Histogram of energy deficit in BTS2030 (scenario 1) after electricity import / export
procedures.
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Fig. 2.8. Histogram of energy deficit in BTS2030 (scenario 3) after electricity import / export
procedures.

2.5. MODELING THE ENERGY DEMAND OF EVs

This subchapter is devoted to the transport electrification problem.
When modelling the consumption of EVs [70]-[72], assumption are the following:

* The total number of EVs in Baltic States is 2 million. We accept that by 2050 all cars in region
will be electric.

* The average daily mileage is known (we take 15 km/day). The average energy consumption is
also known (0.3 kWh/km).

* Energy storage capacity of EV batteries is 90 kWh and all cars will be loaded evenly overnight,
from 11 p.m. to 7 a.m. (during 8 hours).

* At night and in 2050 the price of energy will be lower than during business hours. Fig. 2.9.reflects
the Baltic energy consumption in 2050.
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Fig. 2.9. BPS 2050 modelled energy consumption

It can be seen from the Fig. 2.9. that EVs consume about 10% of the energy consumed in the
Baltics. This is a significant quantity that affects the operation of the power system.

2.6. CASE STUDY AND RESULTS

To demonstrate the impact of the electrification of transport on the self-sufficiency of the Baltic

energy system and the need to exchange energy with neighbouring countries, we will consider two
main cases:

Case 1 — the power system operates without EVs.

Case 2 — to the conditions of the model according to the first point, we add the energy of the car
battery charge.

Case 1.

Figure. 2.10. demonstrates the imbalance of energy production/ consumption of the BPS in the
situation when reserve stations using natural gas are not used.
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Fig. 2.10 BPS 2050 energy imbalance after energy import/export procedures (reserve stations are
not used)
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The graph shows the presence of time intervals when the energy balance is not ensured. The
increase in imports is impossible due to the limited capacity of the lines. At the same time, there
are periods of time when excess energy is generated. Surplus energy can be eliminated by turning
off generators. However, the energy deficit is 0.13 TWh. The hourly frequency of energy deficit
is 4.36%. Consequently, we see the need to use reserve power station capacities. Fig. 2.11..
demonstrates the imbalance of energy production/ consumption of the BPS in the event when
reserve stations are used.

BPS energy imbalance, GWh

o 1000 2000 3000 4000 5000 6000 OO0 8000 9000

Time, hours

Fig. 2.11. 2050 energy imbalance after energy import/export procedures (reserve stations are
used)

Analyzing the results of Fig. 2.11., it can be concluded that the use of reserve stations reduces the
energy deficit to the level of 0.009 TWh, which is 0.03% of the energy consumption. The
frequency of occurrence of the energy deficit also decreased to the level of 0.52%. The shortage
of the named insignificant volume of energy could be eliminated, for example, by organizational
measures (increase in tariffs or bonuses for reducing consumption. However, as will be shown
below, electrification of cars will dramatically worsen the situation.

Fig. 2.12.. presents the imbalance of energy production/ consumption of the BPS corresponding
to the use of EVs. Fig. 2.12.BPS 2050 energy imbalance after energy export procedure (reserve
stations are not used, 2 mil. EVs are used) The graph shows the situation corresponding to the
power supply of two million EVs. Analysing this graph, it can be stated that the the frequency of
power deficit occurrence equals to the 65.57 % during 2050 (when in Case 1 it is equal to 61.66%).
The graph allows us to draw a conclusion about the inability of the power system of the structure
under consideration to meet the demand for energy (without reserve plants).
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Fig. 2.12. BPS 2050 energy imbalance after energy export procedure (reserve stations are not
used, 2 mil. EVs are used).

Either additional electricity generators or additional stations capable of storing energy are required,
or stronger ties with neighbouring countries. Energy import in BPS 2050 practically reduces the

energy deficit by up to 12.19% (Fig. 2.13.). However, this value of the deficit is not acceptable
either.

40



A

R S Surplus

-3 Deeficit

BPS energy disbalance, GWh

0 1000 2000 3000 4000 3000 6000 7000 BEOOD SO00

Time, hours

Fig. 2.13.BPS 2050 energy imbalance after energy import/export procedures (reserve stations are
not used, 2 mil. EVs are used).

Figure 2.14 presents the electricity imbalance of BPS 2050 when the reserve energy power plants are
used.
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Fig. 2.14. BPS 2050 energy imbalance after energy import/export procedures (reserve stations
are used, 2 mil. EVs are used)

The energy reserve activation led to the electricity deficit appearing frequency diminishing to
6.08 %, which is much higher than in Case 1. When comparing the energy imbalance in the BPS
between Case 1 and Case 2, a significant issue of energy deficit becomes apparent.
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2.7. CONCLUSIONS

To achieve the above-set goal and to stop climate change, the global and European energy
development plans propose applying several strategies, at least two of which significantly affect
the structure of energy systems: Strategy 1 — a precipitous increase in the capacity of power plants
operating on renewable energy sources; Strategy 2 — reducing the capacity, suspending or shutting
down power plants that use fossil fuels. It is a well-known fact that the production of electricity
from RES is an unpredictable and volatile process. As a result, there is a problem related to
manageable energy production and ensuring the power balance of any energy system. Sometimes,
to entirely compensate for the power deficit by energy import from neighbouring countries is an
impossible issue due to the limited capacity of transmission lines. Thus, the last opportunity to
mitigate the energy deficit is to activate the local power reserve. The BPS 2030 energy
development plan provides for a reserve capacity of 4 300 MW. As a result, the energy deficit of
BPS 2030 is completely covered and the energy balance is maintained. The above strategies
(Strategies 1 and 2) of the energy development plan are implemented in BPS 2050 (Scenario 2).
Hence, the simulation results of BPS 2050 (Scenario 2) argue that attempts to ensure energy
balance by power import and to compensate for the energy deficit by increasing the installed
capacity of RES do not lead to success. At the same time, the reduced capacity of reserved power
plants does not allow getting rid of the power deficit. A nearly twofold increase in the installed
capacity of wind and solar power sources is considered in BPS 2050 (Scenario 3). However, the
above-described power generation potential is not a panacea and the BPS 2050 system remains in
energy deficit.

The electrification of cars will significantly worsen the Baltic power system’s capacity balancing
situation. To meet the demand for electricity, it will be necessary to build additional stations that
can generate energy in the absence of sun and wind or create new transborder transmission lines
and long-term energy storage capacities.

The results prove that the adequacy of BPS needs a more detailed assessment and analysis. The
developed mathematical model allows determining the minimal value of power reserve needed to
be maintained for ensuring energy balance to the BPS. Only a rational, reasonable and timely
selection of the operation mode of the BPS’s power plants, as well as a carefully thought-out
development strategy is the only way to form a sustainable and balanced energy system of the
future.
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3. BENEFITS OF REGIONAL BALANCING AREAS
3.1. INTRODUCTION

This chapter provides an analysis of the operation of the common balancing area based on a
case study of the Baltic common balancing energy market model, which was launched on the
Ist of January 2018. The manual frequency restoration reserve (mFRR) helps to stabilize the
frequency of the electricity grid. In most countries, the TSO (Transmission System Operator)
is in control of its finding and activation. The mFRR (also tertiary reserve) helps to restore the
required grid frequency of 50 Hz. The objectives of the development of the common Baltic
balancing market were to increase balancing efficiency, to increase availability of balancing
resources, and to reduce the costs of power system balancing. Establishing the common Baltic
balancing market required harmonization of balancing market frameworks of the three Baltic
States, including the settlement rules between market parties, the introduction of a coordinated
balance control on a regional level and the introduction of a common balancing IT platform.
This chapter analyses operational indicators assessing the performance of the new balancing
system, including changes in area control error, changes in market liquidity and diversity, and
changes in balancing costs for market participants. This chapter also analyses changes in
balancing energy price dynamics in the Baltic states, including price volatility and price
correlation, to understand how imbalance prices could motivate balanced steering of the
balanced responsible parties. Proposals for further balancing market model development are
also provided in the chapter. Multiple indicators are utilized to evaluate the performance of the
new balancing system, encompassing alterations in area control error (indicative of balance
management quality), shifts in market liquidity and diversity, and changes in balancing costs
for market participants. Additionally, this chapter analyses variations in imbalance energy
price dynamics within the Baltic states, including price volatility and correlation.

Utilizing data from 2017 and 2018 (see Fig. 3.1.) covering a complete year of operation under
the new model, facilitates a comparison between the old and new approaches. This enables the
identification of trends stemming from the introduction of the Common Baltic Balancing
market and offers insights into potential improvements for subsequent operational periods.
Furthermore, the experience gained serves as valuable knowledge for other regions
undertaking similar initiatives.
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Fig. 3.1. Baltic Area control error (ACE)

From 2017 till 2018 there was visible significant impact on main balancing market performance
characteristics.

3.2. CREATING COMMON BALANCING MARKET

The goal of the common Baltic balancing market is to increase transmission system operation
reliability, foster the availability of balancing resources, and reduce the costs of system balancing.
A common balancing market creates competition between balancing service providers which
reduces the costs of balancing responsible parties.

The main objectives for the common Baltic balancing market are:
* increased reliance on local balancing resources and improved balancing market liquidity;

* levelling playing field and establishing incentivizing price signals that promote BRP’s self-
balancing;

*  harmonized settlement procedures to remove market entry barriers;

* improved data transparency.
The following features were introduced with Baltic CoBA:

* common balancing towards Russia;

*  TSO-TSO imbalance netting;
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«  common centralized mFRR activation model with shared merit order list;
*  Nordic-Baltic mFRR exchange;

*  harmonized BRP balance management model and imbalance pricing methodology

3.3. IMPACT ON BALTICS'S AREA CONTROL ERROR

Baltic’s area control error (ACE) means the Baltic’s not netted imbalance towards Russia.

Successful cooperation models among TSOs for balance control and imbalance netting has been in
place for some time, and one of successful examples is Grid Control Cooperation (GCC) between
German TSOs [95], that has grown to pan-European imbalance netting project involving 24
countries. Introducing similar principles to common Baltic balancing area enables optimization of
balancing effort. As each country is not balanced separately it is possible to avoid counter-activation
by netting "long" and "short" positions and as a result there is higher availability of mFRR reserves
for minimization of Baltic’s Area Control Error (ACE).

The advantages and challenges of imbalance netting are widely discussed; [96] emphasizes the
importance of TSO-TSO settlement to maintain financial neutrality, thus all TSOs benefit from
imbalance netting.

The analysis of historical data on Baltic CoBA performance revealed that the centralized balancing
market approach led to a significant decrease in Baltic ACE. Average ACE decreased by 43 %,
from 42 MWh to 24 MWh per imbalance settlement period (ISP) in 2018 compared to the year
2017. Similarly, improved results on maintaining ACE close to 0 MWh were observed. In 2018,
ACE was within the 50 MWh range at 89 % of operational hours compared to 65 % in 2017.

The trend of monthly acumulated ACE "Fig. 3.7" indicates that ACE could continue decrease

even further as we gain experience in choosing and ordering the optimal amount of balancing
energy. Improvements in ACE forecasting will also contribute to ACE reduction.
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34. MARKET LIQUIDITY

More active balancing of CoBA with the goal to minimizing the Baltic ACE increased the frequency
of use of balancing energy bids. In 2018 Baltic TSOs ordered mFRR products in 79% of hours,
which is twice as much as in 2017 (36% of hours), Fig. 3.
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Fig. 3.3. Share of hours with regulation.

This higher demand for balancing resources increased balancing market liquidity and made it
more attractive to local generation. Therefore, the amount of used balancing energy in 2018 tripled
compared to 2017 "Fig.3.4.", while at the same time share of local balancing resources stayed at
the level of 66%.
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Fig.3.4. Use of balancing energy
3.5. IMBALANCE PRICING

The major change is seen not only by balancing service providers but also by balancing
responsible parties — introduction of single pricing for BRPs regardless of their imbalance position.
Until 2018, settlement procedures were country-based; imbalance prices included country-specific
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components. Harmonization of settlement procedure and introduction of single imbalance price
model (previously — dual price model) led to almost full convergence of imbalance prices in the
Baltic counties in 2018. Hourly imbalance prices were equal "Fig. 3.5." in Latvia, Estonia and
Lithuania in 97% of hours in 2018.
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Fig. 3.5. Imbalance price.

The imbalance price in 2018, compared to the day-ahead market for Baltic countries, shows that
43 % of hours have had a higher imbalance price than the day-ahead price. In addition to that, there
are continuous periods of up to 88 hours long with an imbalance price difference in one direction
(smaller or larger) compared to a day-ahead price. Long periods of price difference in one direction
may create motivation for BRPs to plan for intended imbalance with "long" or "short" positions.
This effect should be further monitored and analysed to understand if it does not create
counterproductive behaviour at the system level.

Changes in the imbalance pricing system created a more level playing field for pan-Baltic BRPs
and BSPs. Total Baltic BRP balancing costs decreased from EUR 19.9 M in 2017 to EUR15.1 M
in 2018. To evaluate the impact of changes in the imbalance pricing model on pan-Baltic BRP's
imbalance costs, we simulated the BRP's portfolio.

Pan-Baltic BRP was created with an average hourly planned consumption of 100 MWh in each
country. Hourly consumption was profiled according to the Baltic weekly average consumption
profile. To create multiple scenarios with randomized imbalances towards the planned schedule,
the actual position was randomly generated for each hour from the planned value. Randomization
was made with normal distribution and standard deviation of 5 MW to get, on average, a 4 %
imbalance (no leaning towards surplus or deficit). As a result, the cost/profit was calculated from
the bought/sold imbalance volume. Average yearly cost/profit of imbalance MWh (300 scenarios)
is shown in
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Fig.3.6 and Fig. 3.7.. It is visible that the cost of simulated BRP reduced significantly compared to
2017 to 2018 and that BRP can benefit from netting its imbalances between Baltic countries,
therefore reducing the cost of balancing.
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Fig. 3.7. BRP imbalance costs in 2018

Trend of monthly acumulated ACE (Fig. 3.8) indicates that ACE could continue decrease even
further from gaining experience in choosing and ordering optimal amount of balancing energy.
Improvements in ACE forecasting will also add to reduction of ACE.
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3.6. CONCLUSIONS

Analysis of performance indicators of the Baltic balancing system indicates clear benefits of
common balancing areas and coordinated balance management. Market players, including
balancing service providers and balanced responsible parties, benefited from the introduction of a
single price and single portfolio model. Considering that in 2018, 97 % of hours imbalance prices
were similar in all three Baltic states, the balanced responsible parties are able to exercise imbalance
netting and substantially reduce balancing costs that are passed onto end-users. The analysis shows
that the introduction of a common balancing area and centralized balance management at a regional
level has improved the efficiency of system balancing, reduced ACE, improved the availability of
balancing resources, and thus improved the security of supply.

The model presented in this chapter is not yet ready to ensure active real-time balancing from the
BRP side because imbalance and balancing prices are published after real time, and that is an issue
which requires further study.
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4. MARKET-BASED STORAGE MANAGEMENT STRATEGY
FOR FCR PROVIDER

4.1. INTRODUCTION

The focus of this chapter was publication [83] which presents a market-based storage state of
charge management strategy for primary frequency control providers with limited energy
reservoirs such as battery energy storage systems. The frequency containment reserve (FCR), also
known as the primary control reserve, is the first reaction to frequency disturbances. If a deviation
occurs, the automatic frequency restoration (aFRR) gets involved automatically within seconds to
restore the rated frequency and the balance between supply and demand. The strategy is the result
of research work motivated by relatively recent regulatory condition updates in continental
Europe, which stipulate that frequency containment reserve providers cannot rely on dead-band
utilization and delivery over fulfilment to manage their reservoirs. In addition, we show how the
devised strategy allows an appropriately sized battery system to withstand the realization of a
worst-case scenario, even if the unit is providing multiple reserve products at once and is allowed
to recover its state of charge only via the intraday market.

In order to both facilitate and regulate the integration of storage systems in ancillary service
markets, especially for the provision of frequency containment reserve (FCR), the EU System
Operation Guideline [85] stipulates specific rules applicable to limited energy reservoirs (LERs),
i.e. storage units that can be depleted within two hours of operation. Namely, the minimum
activation period (Tmin LER criterion) to be ensured by FCR providers qualified as LERs is 15—
30 min during the system alert state with a specific value to be proposed by all TSOs of each
synchronous area. While the continental Europe (CE) TSOs lean towards a 30-min Tmin LER at
least for newly installed storage power plants, the final proposal is still under development.

LERs as FCR and frequency restoration reserve (FRR) providers are of particular interest for the
Baltic power system, which is scheduled to desynchronize from IPS/UPS and connect to the CE
synchronous area by 2025 [86]. By this time, the Baltic TSOs ought to be able to cover their FCR
and FRR needs themselves while historically the primary frequency control has been ensured by
the neighboring Russian power system [87] ,[88]. Hence, large-scale battery energy storage system
(BESS) projects are under development in the Baltics to ensure FCR and FRR adequacy [88]-[91].
The outlined EU-level developments and regional challenges around the Baltic synchronization
project have motivated the research question of this study: develop efficient market-based BESS
operational management strategy subject to a set of technical and regulatory constraints related to
ancillary service markets and specific reserve products as well as to electricity wholesale markets
for storage recovery.
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4.2. SOC MANAGEMENT STRATEGY

The main goal of the strategy is to prepare ID bids while delivering the reserves in order to assure
a sufficient SOC level in line with the undertaken reserve (FCR and/or FRR) obligations. The
overall philosophy of the strategy envisions a robust approach, i.e. the BESS must strive to be
prepared for the realization of a worst-case scenario at any future point in time..

Assumptions and Simplifications.

We assume that the FCR provider is a single BESS with a LER which can only use market-based
mechanisms for restoring the energy content of its reservoir (i.e. no alternative generation or load
neither in the reserve provider’s portfolio nor contracted bilaterally which could be used to
charge/discharge the BESS; intentional imbalance to manage storage disallowed). Ultimately, this
means that the BESS can manage its SOC only by participating in the ID market as it has a much
shorter lead time than the DA market and thus allows for more flexibility. To achieve the most
effective storage management under the laid out conditions, the optimum decision-making time
on whether an ID trade offer needs to be submitted would be at the last possible moment before
the GCT. However, for the sake of robustness, a certain bid preparation time should be added
before each ID GCT by which the decision is made. The relationship between various time-related
variables employed in the management strategy is explained in Fig. 4.1., where tID, decision —
moment in time for ID offer decision; tID, GCT, next — the closest ID GCT; tID, start and tID, end
— the start and end time of the ID trading period with the closest GCT; Atprepare — user-selectable
time period for bid preparation (expressed in minutes before GCT, e.g. 5 min); AtID, GCT — ID
GCT (in minutes before delivery start, e.g. 60 min in Baltics[92]); AAMTU — market time unit
duration (assumed 15 min [87]).
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Fig. 4.1. Relationship between the time-related variables

Relationship between the time-related variables to minimize over-correction risks, ID trades are
prepared only for the shortest possible delivery periods, i.e. at each decision time only one potential
MTU is considered for delivery. On the other hand, this means that the need for corrective trade
has to be evaluated before each ID GCT; with a 15-min MTU this equals to 96 decisions a day.

Based on analysis of the EU regulatory framework, we derive the following main requirements for
the SOC management strategy of a BESS to provide FCR with a LER qualification:
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* Capability to provide a prolonged full FCR activation at least until the TminLER criterion is
satisfied during the system alert state.

* Capability to provide uninterrupted prolonged FCR up to 25% of the total committed reserve
power in one direction during the system normal state.

» Recovery of sufficient storage level to be able to fulfill the TminLER criterion no later than 2
hours after the end of a prior system alert state.

* The previous three requirements need to be met also when the BESS provides FRR alongside
FCR. However, the committed FRR must be able to be fully activated at any given time for any
duration regardless of the TminLER criterion and post-alert state recovery status. This is because
there are no special properties defined or exemptions allowed for an FRR provider with a LER.

4.3. ALGORITHM

The main steps of the devised algorithm are generalized in Figure 4.2.and detailed explained in
prepared annex paper [83],

53



| calculate Eweaur(f:hin.ena), Hwors nows(f:Hin.ad) | 12/

| calculate Euuu.l'l:f}. Eovitoow :\[I) | 137
no w 7y
VES

[ calculate charging bid [Puo(fiomntioe)] | /51

6/
le— 2 Charge bid insufficient? i

| calculate discharging bid [Pio{fosstives)] |

P Be Discharge bid insufficient?

ves
[ Warn about insufficiency |(7
L
| Minimum cycling routine | I8/
End

Figure 4.2. Main steps of the energy recovery algorithm [83].

The mathematical model developed to simulate and validate the outlined strategy, could be used
in future work to study the impact of BESS technical parameters on their reserve provision
capabilities as well as the impact of market regulations on BESS performance.

4.4. VALIDATION

A model for algorithm validation was created in publication [83] a BESS with 80 MW
charge/discharge capacity, 160 MWh rated storage, 0.95 charge and discharge efficiencies and
reservoir limits 10% and 90%. The BESS has to provide 8 MW of FCR and 32 MW of FRR in
each direction. The selected parameters have been derived from the estimated reserve needs in the
Latvian power system after desynchronization from the IPS/UPS in 2025 and from the
specification of BESS that is being discussed for installation in Latvia [84]. In terms of reserve
activations, for FCR we assume a sixhour frequency deviation profile as depicted by the brown
line / right axis in Fig. 4.9 (NB: FCR providers observe a =10 mHz dead-band followed by a
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proportional response reaching a full activation at £200 mHz deviation). This profile is entirely
artificial as its only purpose is to demonstrate that the devised BESS management strategy can
ensure the reserves as expected. The FRR activations are likewise simulated to enforce a worst-
case scenario realization (i.e. full activation for the entire six hours).
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Fig. 4.4. The schedule of corrective ID trades and FCR provision mode.

In the simulated scenario, the BESS is able to continuously provide a 25% FCR activation during
the normal state of the power system together with a full FRR activation without any issues. At
2:15 an alert state is declared due to frequency deviation exceeding 50 mHz for 15 minutes and
100 mHz for 5 minutes. The LER starts transition to Reserve Mode only at 2:44 when the 30
minute TminLER criterion has been fulfilled. At 3:00 the alert state ends due to the frequency
deviation dropping slightly below 50 mHz, at which point the 2-hour countdown for LER recovery
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starts. However, the LER already completes the recovery at 3:16, which means that it only required
16 min to be completed. This is due to the robust nature of the storage management algorithm. It
is also partly because of the fact that scheduled future ID deliveries are taken into account when
evaluating the recovery conditions, provided that there is no risk of violating the SOC constraints
at any point in the considered future time horizon. At 5:15 another alert state is declared and again
the LER only starts transition to the Reserve Mode once 30 min of full activation have been
endured. From Fig. 4.9 it can be seen how the SOC trajectory approaches the upper constraint of
90% but does not violate it, instead remaining near it. Moreover, thanks to the scheduled ID
deliveries (Fig. 4.4.), the LER can even guarantee continued capability to provide the required
FCR and FRR despite the SOC presently being close to the constraint.

4.5. CONCLUSION

The validated market-based BESS SOC management strategy enables robust and reliable LER
participation in FCR provision, meeting all the additional properties and regulatory provisions that
FCR providers with LERs are subjected to in continental Europe. It is also suitable for LERs
providing both FCR and FRR. The devised strategy can be applied to prospective BESS
installations in the Baltic power system after synchronization with CE and also elsewhere in the
EU as it follows the most recent regulations to be adopted by the Member States. Moreover, the
tool allows testing the impact of important technical parameters and market settings to aid in
decision-making. The crux of the offered approach is anticipating and preparing for the emergence
of a worst-case scenario. Due to the limitations of chapter size, only a part of the overall BESS
operational management strategy has been presented, which, among other aspects, also manages
the LER’s transition between normal/reserve mode and estimates the voluntary FRR energy bids.
Hence, the elaboration of the additional model components and features remains a topic for future
work. Furthermore, the mathematical model developed to simulate and validate the outlined
strategy could be used in future research to study the impact of BESS technical parameters on their
reserve provision capabilities as well as the impact of market regulations on BESS performance.
The potential topics of future studies include BESS and reserve sizing, pros and cons of
qualification as an LER, duration of the Tmin LER criterion, recovery duration, market lead time,
etc. Moreover, the model can be extended to also consider diverse economic criteria to ultimately
provide a comprehensive cost-benefit assessment of a LER-qualified BESS with varied control
strategies.
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CONCLUSIONS OF SECTIONS AND FUTURE WORK

The main preconditions for the Baltic States mentioned in Chapter 1 on the transformation of the
energy sector in the Baltic States to promote adequacy of power supply and development of
balancing capacity are:

Promote generation development.

Invest in grid development.

Promote consumer response and aggregation and

Develop the balancing market, especially after the planned synchronization of the Baltic
energy system with the continental European grid in 2025.

Bl e

Chapter 2 highlights that the global and European energy development plans propose applying
several strategies, at least two of which significantly affect the structure of energy systems.

Strategy 1: A precipitous increase in the capacity of power plants operating on renewable energy
sources.

Strategy 2: Reducing the capacity, suspending or shutting down power plants that use fossil fuels.

It is a well-known fact that electricity production from RES is an unpredictable and volatile
process. As a result, there is a problem related to manageable energy production and ensuring the
power balance of any energy system. Sometimes, to entirely compensate power deficit by energy
import from neighbouring countries is an impossible issue due to the limited capacity of
transmission lines.

The simulation results of all BPS 2050 scenarios show that attempts to ensure energy balance
through power import and to compensate for the energy deficit by increasing the installed capacity
of RES do not lead to success.

Additionally, car electrification will significantly worsen the Baltic power systems’ capacity
balancing situation. To meet the demand for electricity, it will be necessary to build additional
stations that can generate energy in the absence of sun and wind or create new interconnection
transmission lines and long-term energy storage capacities.

Conclusions of Chapter 3 based on analysis of performance indicators of the Baltic balancing
system indicate clear benefits of common balancing areas and coordinated balance management.
Market players, including balancing service providers and balanced responsible parties, benefited
from the introduction of a single price and single portfolio model. Considering that in 2018, 97 %
of hours imbalance prices were similar in all three Baltic states, balanced responsible parties are
able to exercise imbalance netting and substantially reduce balancing costs that are passed onto
end-users.

57



Analysis shows that the introduction of a common balancing area and centralized balance
management at a regional level has improved the efficiency of system balancing, reduced ACE,
improved availability of balancing resources and thus improved security of supply.

The model presented in this chapter is not yet ready to ensure active real-time balancing from the
BRP side because imbalance and balancing prices are published in real time, and that is an issue
that requires further study.

Conclusions of Chapter 4 based on the validated market-based BESS SOC management strategy
enable robust and reliable LER participation in FCR provision, meeting all the additional
properties and regulatory provisions that FCR providers with LERs are subjected to in continental
Europe. It is also suitable for LERs providing both FCR and FRR. The devised strategy can be
applied to prospective BESS installations in the Baltic power system after synchronization with
CE and also elsewhere in the EU as it follows the most recent regulations to be adopted by the
Member States. Moreover, the tool allows testing the impact of important technical parameters
and market settings to aid in decision-making. The crux of the offered approach is anticipating and
preparing for the emergence of a worst-case scenario. Due to the limitations of chapter size, only
a part of the overall BESS operational management strategy has been presented, which, among
other aspects, also manages the LER’s transition between normal/reserve mode and estimates the
voluntary FRR energy bids. Hence, the elaboration of the additional model components and
features remains a topic for future work. The mathematical model developed to simulate and
validate the outlined strategy, could be used in future work to study the impact of BESS technical
parameters on their reserve provision capabilities as well as the impact of market regulations on
BESS performance. The potential topics of future studies include BESS and reserve sizing, pros
and cons of qualification as an LER, duration of the Tmin LER criterion, recovery duration, market
lead time, etc. Moreover, the model can be extended to also consider diverse economic criteria to
ultimately provide a comprehensive cost-benefit assessment of an LER-qualified BESS with
varied control strategies.

Conclusions of Chapter 4 based on the validated market-based BESS SOC management strategy
enable robust and reliable LER participation in FCR provision, meeting all the additional properties
and regulatory provisions that FCR providers with LERs are subjected to in continental Europe. It
is also suitable for LERs providing both FCR and FRR. The devised strategy can be applied to
prospective BESS installations in the Baltic power system after synchronization with CE and also
elsewhere in the EU as it follows the most recent regulations to be adopted by the Member States.
Moreover, the tool allows testing the impact of important technical parameters and market settings
to aid in decision-making. The crux of the offered approach is anticipating and preparing for the
emergence of a worst-case scenario. Due to the limitations of chapter size, only a part of the overall
BESS operational management strategy has been presented, which, among other aspects, also
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manages the LER’s transition between normal/reserve mode and estimates the voluntary FRR
energy bids. Hence, the elaboration of the additional model components and features remains a
topic for future work. The mathematical model developed to simulate and validate the outlined
strategy, could be used in future work to study the impact of BESS technical parameters on their
reserve provision capabilities as well as the impact of market regulations on BESS performance.
The potential topics of future studies include BESS and reserve sizing, pros and cons of
qualification as an LER, duration of the Tmin LER criterion, recovery duration, market lead time,
etc. Moreover, the model can be extended to also consider diverse economic criteria to ultimately
provide a comprehensive cost-benefit assessment of an LER-qualified BESS with varied control
strategies.
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ANNEXES

Annexes 1.

Baltija ilgtermina parvades
tiesibu izsoles nepaplasinas

2017. pada maija pec padzilinatas izpEtes un publiskam konsultacijam ar tirgus dalibniekiem lgaunijas, Latvijas,
Lietuvas, Somijas, Zviedrijas un Polijas nacionalie regulatori pienéma koordinetus IEmumus neieviest jaunas ilgtermi-
na parvades tiesibu izsoles uz starpvalstu robefam Ba s tirgil. Tas nozimé, ka tuvakajos gados nozimigas izmaipas
Baltijas elektroenengijas finansu tirgus modell nav gaidamas.

Dr. sc. ing. Gatis Jungh3ns, AS “Augstsprieguma fikls” valdes loceklis
Valenfins Lavrinovils, AS “Augstsprieguma fikls” projekiu vaditdjs
Aigars Silis, AS “Augstsprieguma fikls” elekiroenergijas tirgus uzraudzibas specidlists

Molemj nepapla%inat parvades tiesibu izsoles Baltija

2016. gada 17. oktobri =tdja= sp&ka Eiropasz Komisijas regula, kas nocaka vadBlnijas attieciba uz cenu rizku ie-
robefofanas instrumentu pilnveidi Eiropas tirgli. Regula uzdod parvades zistZmas operatoriem ieviest uz visam
tirdzniecibas zonu robedm ilgtermiga parvades tiesibu izsoles, izgemot gadijumus, ja regulatori sefu ménetu laika
kopZ regulas stAXanas speka koordinsti plel;lemtu l#Emumu par ilgtermina parvades tiesIbu izzolu neieviefanu. Pirms=
l#émuma piepemZanas regulatori izvErtEja, vai at-
tiecigajds cenu zonds tirgd ir pietiekami pieejami
cenu ricku iercbefofanaz instrumenti. NovErts-
jums ietvEra konsultdcijas ar tirgus dalibniekiem
par instrumentu nepieciefamibu, ki ari tika ana-
lir&ta tirgi jau pied@vato instrumentu vai to kom-
binfciju efeltivitite. Picejamo instrumentu efel-
tivitdte tika vErtéta péc thdiem parametriem ki
likviditate, pirkfanas-pardofanasz cenu starpiba,
tirdzniecibaz apjoma (open inferest) attieciba pret
fizizko patfripu u.c. 1. attéla parfidits nacionilo
regulatoru koordin®ti piegemto IEmumu kopsa-
vilkums Baltija. Kopumi regulatori ir vienoju-
Ziez neprasit parvades tiesibu izzolu ieviefanu uz

igaamifas un Somifss Rguirtnn Noma, k3 Bgterming panecs
thosibas val iU procukts kevieian raw nepkeck S

igaamijas un Latvijas ragulabor nokima, ka bgtarming mneds
thosibas val iU procukbs kevicians raw nepkckiiama

] | Lt un Latagas reguiaton ol s ligiemina panvces
| mesibu evintara nevw neplocatama; Listusas wn Labijas PSOIr
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Baltijas valz=tu robefam. I Tadrjas un Listuves reguiaton nokma, ks iglermins parvadas
Svarigi uzsvert, ka regulateri pieggma koor- I .'.?;i‘m‘;“nﬁ:!:ﬁ‘:ﬂ‘:ém"“““‘“‘“ e
dingtus léEmumus, lai Baltijas regiond weidotos
= ekt i mnde. i Aps i | Pou et rtoe nois ezl INR pervaces
homoeg@nz, efektive tirgus li=. Tapzc, plene I— | s et e b ot A PR
mot lEmumu par sava parraudziba esofajim ro- | jagaas, ta g ety plooszen it procukt
befam, regulatori pEma vErd arl citu regulatoru
viedelkli. 1. afféls. Regulatoru [Emumi par Baltijas parrobe?u risku vadibas instrumentiem
T sMERGUA UM PASAULE 201774
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Somijas-lgaunijas robeza

Balstoties uz elektroenerfijas vairumtirgus novertgjumu, Somijas (FI) un Igaunijas (EE) regulatori vienojas, ka
Somijas un Igaunijas tirdzniecibas zonds pastiv pietielrami cenu rizku ferobefofanas instrumenti, ar kuriem par-
valdit cenu rizkus uz FI-EE tirdzniecibaz zonu robe#as. 2016. gada statistika rada, ka starp Somijas un Igaunijas
elektroenergijas birfaz cendm ir salidzinofi maza starpiba (vidgji 0,7 EUR/MWh) un Joti augsta koreldcija (0,97).
Taz dod iesp&ju Igaunijas tirgus dalibniekiem cenu rizku iercbefofanail izmantot Somijas tirdzniecibaz zonaz fi-
nanfu instrumentus (EPAD). Somijaz EPAD inztrumenti ir vieni no likvidakajiem Skandinévijas finan#u inztru-
mentiem (zk. 3. att.). Taip&c Somijas un Igaunijas regulatori vienojds nepieprasit Somijas un Igaunijaz parvades

sistému operatoriem ieviest parvades tiesibu izsolez uz Somijas-Igaunijas robefas.

Igaunijas-Latvijas robeza

Balstoties uz elektroenerfijas vairumtirgusz novért&§jumu, Igaunijas un Latvijas (LV) regulatori vienojas, ka gan
Igaunijaz, gan Latvijas tirdzniecibas zondz pastav pietiekami cenu rizku iercbefofanas instrumenti. Kops 2014,
gada Igaunijas un Latvijas parvades zizt&mu operatori izzola parvades tiesihaz uz EE-LV tirdzniecibaz zonu robe-
#as virziend uz Latviju, ko kombinacija ar Skandinavijas finanfu instrumentiem var izmantot Latvijas tirgus ce-
nas svirstibu risku lerchefofanai. Savukirt parvades ierobefojumi uz EE-LV robe#as virziend uz Igauniju prakse
nepastav. Tapsc Igaunijaz un Latvijas regulatori vienejs nepieprasit attiecigajiem parvades sisiZmu cperatoriem

ieviest pArvades tiezibu izsoles uz EE-LV robe#as virziend uz Igauniju.

Latvijas-Lietuvas robeZa

P&c vairumtirgus novErtéjuma Latvijas un Lietuvas (LT} regulatori secindju#i, ka Latvijas tirdzniecibaz zond ir
pietiekami pieejami inztrumenti cenu rizku ierobefofanai, bet Listuvas tirdzniecibaz zond — ne. Latvijas un Lie-
tuvas cenu starpiba ir Joti neliela (2016. gada vidgji 0.4 EURMWh) un abu tirdzniecibas zonu cenu korelacija Joti
augsta (0,97), tipec var piegemt, ka Lietuvas cenu svirstibu rizku iercbefofanai ir praktizki pielietojami tie paZi
instrumenti, kas tiek izmantoti Latvijas tirdzniecibaz zond. Tomé&r jApem vErd, kka izzolitais parvades tiezibu apjoms
uz BE-LV robe#as lidzind= aptuveni ceturtajai dalai no Latvijas un Listuvas kop&jd elektroenerfijaz pieprazijuma

un tApfc nav pietiekams, lai apmierinatu visu
tirgus dalibnieku pieprazijumu. Tap&c uz LV-LT
robefaz ir nepieciefami cenu risku ierobeiofa-
nas instrumenti. Latvijas un Lietuvas regulatori
plegfma lEmumu nepieprasit parvades sistZmas
operateriem izcolit ilgtermiga parvades tiecibas
uz LV-LT tirdzniecibaz zonu robefas, bet uzde-
va nodrofinit cita veida cenu risku ierobefofa-
nas instrumentu pieejamibu. Parvades siztZmu
operateriem sefu ménefu laikd ir jAzagatavo
priekilikums par alternativiem instrumentiem
un tas jaiezniedz regulatoriem apstiprindZanai.

Lietuvas-Zviedrijas robeZa

Péc vairumtirgus analizes Zviedrijas un Lie-
tuvas regulatori zecinfja, ka Zviedrijaz tirdz-
niecibaz apgabald SE4 ir pietiekami piesjami
cenu rizkus ierobefojodi instrumenti. bet Listu-
via — ne. Zviedrijas SE4 un Lietuvas tirdznie-
cibas zonu cendm ir salidzine#i liela starpiba:
2016. gada vidgji 7 EUR/MWh. Tomér jagem
verA, ka 2016. gadd NordBalt kabeliz nebija
pieejam= 38% no plinotd darbibaz laika, kasz
paaugstindja cenu starpibu. Tafu ari stundas,
kad NordBalt bija pieejams, vid&ja cenu starpi-
ba bija vErd gemama — 2,46 EUR'MWh. Zvied-
rijaz un Lietuvas regulatori piegfma lEmumu
nepieprasit parvades zizst@mas operatoriem
ieviest ilgtermiga parvades tiesibu izzoles uz
SE4-LT tirdzniecibaz ronu robefas, bet uzdeva
pirvades sist®masz operatoriem neodrofindt, ka
ir piesjami cita veida inztrumenti cenu rizku ie-
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elektroene tirgus

robefofanai, lai atbalstitu elektroenergijaz vairumtirgus funkciongZanu uz min&tis robefaz. Parvades cistEmu
operatoriem zefu ménefu laikd ir jizagatave priekZlikums par alternativiem instrumentiem un tas jiiesniadz
regulatoriem apstiprinafanai.

Palijas-Lietuvas robeZa

IzvErtEjot elektroenergijas vairumtirgu, Polijas (PL) un Listuvas regulatori secindja, ka Polija ir pietickama ce-
nu rizku ierobefojofo instrumentu pieejamiba, bet Lietuvd — ne. Vidsja elektroenergijas vairumtirgus cena Polija
2016. gada bija 36,48 EURMWh (avets: SEM), Listuva — 36,54 EUR'MWh, titad vid&ja vairumtirgus cenu starpiba

— 0,06 EUR'MWh. Taja pa#a laikd ikstundu cenu atZkirtbas ga-
da laika bija vErd pemamas, tadg] starpvalstu tirdzniecibai bija
ekonomizk= pamats. Tom&r nozimigs fkérzli= pirvades tiesibu
izzolu leviefanai uz PL-LT robefas biitu nepastivigd, ierobefo-
td LitPol starpsavienojuma jaudas pieejamiba Polijas parvades
siztémac operatora reguldri noteikto ierobefojumu dg]. 2016.
gadi LitPol tirdzniecibai pieejami jauda virziend uz Lietuwu
bija vid&ji 20% no LitPal uzstaditis pArvades jaudas, bet virzie-
ni uz Poliju — 62%. Savulkdart faktizka vid2ja LitPaol nozlodze ar
tirdzniecibaz pliismim virziend uz Lietuvu bija 10% no LitPal
uzstaditds parvades jaudas, bet virziena uz Poliju — 24%.

Parvades tiesibu izsoles
uz lgaunijas-Latvijas
robezas tiks turpinitas

Atbildot ur tirgus dalibnieku atkfrtotim prazibim ieviest
cenu rizku ierobefofanas instrumentus, Latvijas un Igaunijas
péarvades sistZmas operatori ar naciondle regulatoru atlauju
kop2 2014. gada veic ilgter parvadez tiesibu irzoles (FTR-
Limited) uz Igaunijaz-Latvijaz robefaz virziend ur Latviju
Igaunijaz un Latvijasz pArvades sistfmas operatoru triz gadu
pieredze ar parvades tiesibu izzolfm liecina, ka 2dds finanfu
instruments Baltijas tirgum ir piem&rots un Joti nepieciefams.
Saja laikd veiktajaz izzoléz gan ménefu, gan c,etu.rl-lé.l;u. gan ga-
du PTR-L instrumenti pilnibé izpirkti, pieprasljumam vairdk-
kart parsniedzot piedavajumu. Pieméram, 2016. gada septem-
bri notll-tuéaja izzole, kura tika izsoliti 300 MW PTR-L 2017.
gadam, pieprasljums parsniedza piedavijumu turpat piecas
reizes, pirvades tiesibu cenai noslZdzotiez pie 2,52 EUR/MW.
Ari lzsolu dalibnieku skaitz no Qada uz gadu ir pieaudziz, un
Zobrid ir 12 aktivi izzoju dalibnieki.

AttiecibA uz esofajim PTR-L izzolfém uz Igaunijas-Latvijas
robefas regulatori nepiegéma nekadus lEmumus, tipsc patla-
ban izzoles tiks turpinatas.

Parvades sist&mas operatori
pétis alternativus cenu risku
ierobeZosanas instrumentus

Saskand ar naciondlo regulatoru piepemtajiem lEmumiem
attiecigajiem parvades sist®maz operatoriem sefu ménefu
laika (lidz 2017. gada novembrim) jAsagatave priekflikumi
tam, kidus cenu rizku iercbefofanas instrumentus ieviest
uz Lat'vijas—[.ietuvas, Zviedrijaz-Lietuvas un Polijas-Lietu-
wvas tirdzniecibaz zonu robefim. Izstriddtos priekflikumusz
ir jaiesniedz regulatoriem apstiprinifanai. So prieklikumu
ieviefana notiek ne vElik ki sefus ménefus pfc regulatoru
apstiprindjuma. Saskaga ar Biropas Komisijas vadlinijam péc
attiecigo P50 pieprazijuma regulatori var ieviefanaz laiku
pagarinit, bet ne vairdk par zefiem mé&nefiem (sk. 4. att.).

[ eMERGUA UN PASAULE

EPAD kontraktu pieprasijuma un piedavajuma
cenu starpiba (bid-ask spreod ), EUR/MWH
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3. afféis. Tirgus dati.

* Visu attiecigds cenu zonas Masdag OMX tirgote
finanzu kontrakiu apjoms periedd no 2015. gada
junija idz 2016. gada beigam.
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Priekilikumu zagatavedand viens no jautdju-
miem, uz kuru pirvades sist&émaz operatoriem
niksies atbildgt, ir jautdjums par parvades zi=-
tfmaz operatoru iesaiszti finan®u instrumentu

tirdzniecibd, jo no té ir atkarigs iezpfjame al- .z‘nlmnln
ternative finanfu instrumentu klasts. Par par- . e
vades zistfmas operatoru izstridite priekiZli- L i
kumu tiks organizfta sabiedrizkd apzpriefana, o ﬁu;?-wmw
kuras ietvaroz vizas ieinteresZtéis puses varéz (b i %‘h““‘:‘:.:mp
izteikt zavu viedokli un sniegt komentdrus. &ﬁ".‘."":"" -
st el

Elektroenergijas s s
finansu tirgus loma e

-

nakotn& vartu mazinaties

4. aftéls. Nakamie sofi cenu risku ierobeZoZanas instrumentu ievie5ana saskana

Elektroenergijas tirgus dalibnieki izmante ar Regulu 2016/1719, ar ke izveido nikoines jaudas piefkirsanas vadfinijas.
finanfu inztrumentus, lai nodrofinatos pret fi-
nan#u rickiem, ko varétu radit elektroenergijas cenas svarstibaz nakotné. Visaktivika finan#u instrumentu tirdz-
nieciba parasti notiek lidz triz gadu pericdam nakotn#, kad elektroenergijas rafotdji “fik=s" elektroenergijas pardo-
fanaz cenu (iepfmumu Hmeni), bet elektroenerfijas paterétaji “fikse” elektroenerfijas pirkfanas cenu (izdevumu
limeni). Tas ir bitiski, lai tirgus dalibnicks pasargdtu sevi no neplancta nozimiga finanZu stavelkla pasliktinaZa-
nis. ToméEr elektroenergijas finanfu tirgus loma nikotné pakipenizki varStu mazindties un pat zust.

Viens no Jemeshem ir arvien pmaugoEa.ls to elel-ttrueng:gljas patretiju skaits, kuri izvElas pirkt elektroensr-

&iju par cenu, kas istita elek fijas birZas cenai. Leoti tipizks arguments, kipéc patérétijs izvilas pirkt
elektribu par fiksZtu cenu, ir vilme izvairities

no neplincta cenu lfciena, pat ja birfas cenai o5

piesaiztitais elektribaz tarifs varstu biit zemiks o4

EUR'KWR

par fiksZto cenu. Tafu patZrEtdji biefi izdara Zo oz
izwEli, neiedzilinoties, cik patiesibd mainigs var oo
biit birfaz cenai piesaistitaiz tarifs. 5. attZla re- 2 s
dzamas tarifa izmaigas pa mEneiiem mijsaim- 0os
niecibaz patérétijam 2016. gadd. Birfaz cenai i
piesa.isﬁté elektribaz cena maindz no ménefa uz ooz
ménezi, bet, td ki 2/3 no elektribaz tarifa \'Eld.o om0 .

nemainigas nentes — tikla pakal 52 E £ g g g 3
tarifz un obligitd iepirkumu komponente, bet 4 3 H i = g §
elelktribaz cena veide tikai 12 no elektroener- -

fijas rEkina, tad elektribas cenas svarstibam ir e

ierobefota ietekme uz kopZj tarifa svArstibim. TG paksipopenl K EURKAR,  mEkktmenceglas cons [ELIRKWH)

Tapéc arvien pieaug to patZrétdju loks, kuri iz- Piasemumic ﬂ:r;“;:,ﬂ?: ar minasa patarinu 300 KWh/men; .

vélas pickt elektribu par birfas cenai piesaistl- i vige Nod vt cons o 10% srsiietocts i

tu elektribaz tarifu. Piem&ram, Igaunijd Zobrid
teju 30% no viziem patfrétdjlem pirk elektri- 5 e Mjcaimniecibas patErstiia tarifa siruktiin ar elekiribas cenu,
bu par cenu, kas piesaistita Nord Pool birfas a5 piesaistiia Nord Pooi cenai {bez PYN).
cenai.

Otrs iemesls, kipfc nakotnd del:tmeneréﬁas &
finanZu (forvardu) tirgus nozime samazm.uslas,
ir elektroenerfijas cenas pal-mpem.skz samazi- 10
nifandz, ko rada visparéjas generacijas struk-
tiiras pirmaigas energosistéma. Energoziztéma
gadu no gada strauji attiztas v&ja un saules elek-
trostacijas, kur raZofanas izmaksu struktira Is-
berm.il;a (mainighs) rafofanas izmaksaz ir tuvas
vai lidzinds nullei. 8is ir viens no iemesliem, ka-
piEc pEdijec gados ar irteiktu tendenci zamazi-
nis elektroenergijas cena. 6. attéld redzamsz, ki
pédEjes gados zamazindz elektroenerfijaz cena 10
Skandindvijas birfd Neord Poel un Vicijas bir-
td EEX. To, cik strauji £1 tendence turpindzies 0
nikotn, var prognozét daZadi, tafu Zobrid viss 2010 2011 2012 2013 014 2013 2046
liecina par to, ka v&ja un saulez elektrostaciju
Ipatsvars energosistfmi nikotng tikal palieli- § afffls Gada vidgjds elekiroenergijas cenas Emainas birfds Skandindviji
nizies. un Vaci

o Pool
sistEmas cana

EUR/MWh

Y [Vicija)
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Annexes 2.

elektroenergijas tirgus

Cela uz vienotu iekSéjo NS -
elektroenergijas tirgu — -
progress Eiropas Savienibas

tikla kodeksu ievieSana

Alnis Balins, AS "Augstsprieguma tikls” Elektroenerdijas
tirgus integracijas un attistibas dalas vaditajs \

Aigars Silis, AS "Augstsprieguma tikls” Elektroenergijas - /
tirgus integracijas un attistibas dalas projektu vaditajs

Kristine Marcina, AS "Augstsprieguma tikls”
Elektroenergijas tirgus integracijas un attistibas dalas
projektu vaditija

Laikposma no 2015. lidz 2017. gadam tika izstradati un stajas spéka tris uz elektroenergijas tirgus darbibu
attiecinami elektroenergijas tikla kodeksi — noteikumu kopums, kas Eiropas limeni un ar regulu spéku nosaka
elektroenergijas tirgus darbibu Eiropas Savienibas ick#ja elektroenergijas tirga. Sie tirgus tikla kodeksi nosaka
parvades jaudas aprékinasanas un piekirianas kartibu, nakamas dienas un tekodas dienas tirgu darbibu, tirgus
dalibnieku tirdzniecibas risku vadibu un balans&Zanas jautdjumu risindfanu, ta kopuma nodrodinot iespéju tirgot
elektroenergiju pari valstu robezam Eiropas méroga, pilnveidot un nostiprinat efektivi stradajo3u Eiropas vienoto
iekigjo elektroenargijas tirgu.

Si raksta autori iepriek$ (2015., 2016. un 2017. gada) jau publicgjusi atzinas par izmainam, kas ES iekigja
elektroenergijas tirgh sagaidamas péc jauno tikla kodeksu apstiprinaZanas. Turpinot iesakto un atskatoties uz
laika periodu kop# tirgus tikla kodeksu apstiprinaianas, $aja reizé izklastisim, kas ir paveikts un kadus labumus
guvuii elektroenergijas tirgus dalibnicki lidz ar 3ajos tikla kodeksos noteikto prasibu ieviefanu.

Etropas Savientba (ES) ir izstradajusi un politiski apstip- Tikla kodeksu prastbu de un Fana Ir | ]
rinajust Elropas vienota lekieja elektroenergijas tirgus mo- visl ES dalthvalstu parvades sistémas operatori (PSO) un, ple-
dell. Tas teklau) ES kopejos notetkumus par efektivu parro- kritigl jautajumi lokam, art vist ES nominetie elektroenergijas
beiu parvades Jaudu mantofanu un Elropas

H I
v]m M_u:’d::::&lbésﬂrmodehﬁm::::: Tietds izsoles Netiefas izsoles
ia verda atspogulojas arl trijos apstiprinatajos
uz tirgu verstajos tikla kodeksos (vadlingas).
S1e s tirgus tikla kodeks! aptver visas elek-
troenergljas tirgus darbibas jomas - sakot ar EEERITEL R

nakotnes un beldzot ar tekoso tirgus darbibas kﬂJ;‘:::;ﬂﬁ
periodu (1. att.). (plismbalstita

Sle trts tirgus tikla kodeks! laus harmonizat val pieejama
parrobezu tirgu darbibu visos trgus darbibas [CCWECEEEE]
latka posmos, nodrodinot stabiliku elektro-
enerftjas tirgus darbibu un Jaujot vistem tirgus

Balanséianas jaudas izsole

dalibniekiem bez terobed darboties ES
vienota)d lekseja elektroenergijas tirgn. 1. attéls. Eiropas iekSE elektroenengijas tirgus modelis
EL ENERGLA UN PASAULE 201972
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clektroenerdijas tirgus|

tirgus operatorl (NETO) Jeb elektroenerfijas biras. Tikla ko-
deksu prastbas katral daltbnieku kategoryjal ir gan atseviskas,
gan art kopigas.

Tikla kodeksu tevie$ana notiek arl reglonall un nactona-
11, atbilstodl trkla kodeksu izvirzitajam prastbam par refo-
nalajtem un nacionalajiem val sinhrono zonu nodeviumiem.
Ka pirmals nodevums tika velkta ES sadalifana regionos
athilstosl visu PSO kopigam pledavijumam, ko 2016. gada
17. novembr! apstiprinaja Energoregulatoru sadarbibas afen-
tira (ACER). Ta rezultata tika tzvetdot! 10 regiont, kas tiek
sauktl par “Jaudas aprékina reglonlem” (JAR). 5o reflonu
tzveldes pamata ir esoo sinhrono zonu ledaltjiums un Iidz-
stravas starpsavienojuml! starp dazadiem reflontem un ES
valstim (2. att.).

Baltijas jaudas aprekina reglons letver ES valstu iekiejas
robeZas - Igauntju, Latviju, Lietuvy, Polty (LatPol Link - lidz-
stravas starpsavienojums), Zviedrijas 4. tirgus zonu (NordBalf
— hidzstravas starpsavienojums) un Somiju (Estlink I un Fsi-
link 1T - Iidzstrivas starpsavienojumi). Ldz ar to visu ES tikla
kodeksu prasthu leviesanu regonall Ir jikoording attlectbis
starp minéto sefu valstu PSO un naclonalajlem regulatoriem.
£is ir labs un poritivs plemars Baltjas valstu energosistémas un
tirgus drifakal integractjal ES tekia)a elektroenergijas tirga.

Turpmak izklastisim konkrétos bitiskos nodevumis, ko
PSO atsevidkd val kopdarba ar NETO ir izdevies trpildit un kas
var demonstret Jau konkretus val sagaldamus leguvumus no

kopeja vienota ES 1ekse)a elektroenerfjas tirgus integracijas.

Nakotnes jaudas pieskirsanas
tikla kodekss'

Nakotnes jaudas sadales tirgus pamatfunkctja ir snlegt te-
spéfu tirgus daltbniekiem vadit savus parrobeZu elektroener-
ftjas tirdznlectbas riskus. Tikla kodekss nosaka principus, ka
tirgus daltbnieki var tegadaties ilgtermina parvades tiestbas,
kuras ttem Jaw lerobezot riskus saistiba ar elektroenergyjas
ceny lzmainam nikamas dienas elektroenergjas tirgos atse-
viskas tirdznlectbas zonas.

Vienota pieskirsanas platforma

Elektroenergljas birias cenas daiidos elektroenergljas
tirdznlectbas apgabalos var atikirties nepletiekamo parvades
Jaudu, rafodanas avotu struktiras un tirgus pledavajuma un
pleprasijuma attiecthu de]. Parvades sistémas operatoriem Ir
plenakums nodrodinat neplecieiamo elektroenergijas parvadi
Pleprasitajd apjoma un lidztekus — enerposistemas Ndzsvaru
tekosa latka momentd. Saskana ar ES elektroenergtjas tirpus
modell elektroenerglfa no latakiem elektroenergljas apga-
baltem plast uz dargakiem elektroenerfyjas apgabaliem. Ja
starpvalstu savienojumu caurlatdes spejas jeb lintju parvades
Jaudas nav pletiekamas, lal visa elektroenergtja no letaka re-
ftona nosegty pleprastjumu reflona, kur cena ir angstaka, tad
veldojas sastreguml. Tied! sastregumu de] cenas blakus esoda-
Jos apgabalos atikiras.

*hitg g /20TIN8/131001-HCFLA-Fnalpet

2m92

i |
| ienvidrieturiu
Erops

e -

{ : % Jaudas aprékina rediens
2. gtték, Eiropas Savienibas jaudas aprékina redioni

Sastregumu  padfjuma, kad tzveldojas atikirigas cenas
tirdzntectbas apgabalu robefas abas puses, operator! gast ta
saticamos "sastrégumu vadibas tenemumus”, elekiroenergtjas
cenu starpibu sadalot starp abu elektroenergijas tirdznlectbas
apgabalu operatoriem. $os lenemumus saskana ar ES Reguly
NL.714/2009 var 1zlietot sastregumu mazinasanal (Jaunu lngju
bitvniectbal - Saurds vietas likvidesanal) val parvades tarifa
samazinisanal saskana ar reguléjoso institGctju lemumiem.

Elektroenergijas cenu ilgtermina

riska samazinasanas ("hedzésanas")
instrumentu attistiba Baltija un virziba
uz vienotu izsoles platformu

Saskana ar Regula Nr. 714/2009 notetkto 2013, gada 3. de-
cembr1 Balttjas valsty nacionalo regulator vestule ("Long-
term risks hedging fnstruments”) vislem Baltljas valstu elek-
t fljas parvades slst operatoriem Iztelca koplgu
pleprastjumu leviest elektroenergtjas cenu tlgtermina riska
samazinisanas ("hedigdanas”) instrumentus Baltjas valstu
elektroenergias tirgh.

Teverojot Baltijas valstu nacionalo regulativo lestadu plepra-
sljumu un Latvijas un Igauntjas elektroenerftjas tirgus dalib-
nieku lagumus, sakot no 2014. gada 1. janvira AS "Augstsprie-
guma t1kls” koplgt ar Igauntjas parvades sistémas operatoru AS
"Elering” nodroéina starpvalstu savienojuma jaudas pleskiréa-
nu uz Igauntjas-Latvijas tirdentectbas zonas robedas, organi-
zejot lerobetotu firisko parvades Hestbu ar atpakalpardevuma
plenakumu zsoles ux Igauntjas-Latvijas tirdzntectbas zonas
robefas virziena uz Latviju (turpmak — izsoles).
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elektroenergijas tirgus
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3. attek. Gada vidéja elektroenerdijas cenu starpiba Latvijas un lgaunijas
tirdemiecibas apgabalos Nord Pool birza

Viens no galvenajlem lemesliem, kapec pleprasijums pec
tzsolem naca no Latvijas un Igauntjas elektroenergyas tirgus
dalibnlekiem, bija eso$a starpsaviencjuma Jaudas we Igauni-
Jas-Latvijas robefas nepletiekama pleefamiba, ka rezultata pa-
staveja cenu atikirtbas abos tirdzniecbas apgabalos (3. att),
kas velcind)a ceny svarstibu riskis

Regionalas pieskirsanas
platformas attistiba

ar merki ieklauties vienota
pieskirsanas platforma

Predaloties zsole un legadajoties nosolito jaudu (Limited
forma), elektroenergijas tirgus daltbnleklem Ir lespéja lero-
bedot cenu svarstibu risku, proti, sanemt naudu no operatoru
sastregumu vadibas lepemumiem val pilnigl var dalep sa-
maksit nosolito cenu par legadato jaudu, ja atpakalpardeva-
ma cena (cenu starptha starp Latvijas un Igauntjas tirdzniect-
bas apgabaliem) ir mazaka neka nosolitd summa val vienada
ar to.

Morgkini starp vienoto pleikirianas platformu un lzsoles
daltbnieku notiek leskalta velda, salldzinot nosollto cenu,
kury tzsoles dalibnieks apnemas samaksat par nosolitas jau-
das tegady, un atpakalpirkuma cenu:
= 1zsoles rikotdflem Ir plenakums maksat zsoles dalibniekam
atpakalpardevuma cenas un nosolitas cenas starprbu, Ja atpa-
kalpardeviuma cena ir lielaka par nosolito cenu;
= tzsoles dalthniekam ir plenakiums maksat tzsoles rikotajlem
nosolitds cenas un atpakalpardevuma cenas starptbu, ja noso-
Inta cena Ir lielaka par atpakalpardevuma ceni
= tzsoles daltbniekam ir plenakums maksat 1zsoles rikotajiem
pilnu nosolito cenu, ja atpakalpirkuma cena ir vienada ar 0 )eb
Latvijas un Igauntjas tirdzntectbas apgabalos elektroenergtjas
cenas neatékiras;

* nevienal pusel nav savstarpeju maksajuma satstibu, Ja noso-
Inta cena un atpakalpardevuma cena Ir vienadas.
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Nosolta jauda (FTR-option forma) neple-
ikir wsoles dahibniekam tlesibas to 1zmantot
elektroenergljas fiziskal parvadel.

Regulas 2016/1719 48_ panta 1. punkta Ir pa-
redzeta vienotas pledkirianas platformas (simple
allocation platform) 1zvelde. Tadejadi saskana
ar Regulas 2016/1719 prasibam reglonala 1zso-
les platforma ir janodod vienotal pledkirianas
platformar.

Cern Alarpiaa
ELR/MWH

Vienotas pleikirianas platformas prieksliku-
ma Izstrade pledalnas vist PSO, kurl lerosinaja
nozimet Joint Allocatton Office S.A. (turpmak
- JAO) par vienotas pleikirianas platformas
operatory $adu temeshs de]:

1)} PSO kompetence Ir nakotnes Jaudas ple-
SkirSana, un tade] &1 uzdevuma velkianal I lz-
vewdots kopes PSO wenemums — JAO;

2) JAO Ir radles, saplastot CASC.EU S.A. un CAO Central
Allacatton Office GmbH, kurtem bija pleredze tlgtermina 1z-
solu rikosana. Tadejad! jau patlaban JAO organtze ilgtermina
Izsoles lielakajal dajal PSO, kurlem §is plenakums lzriet no
Regulas 2016/1719%;

3) JAO Jau Ir plelagofis savus rikus un programmatéras, lai
athilstu ligtermina parvades tlestbu saskanotiem pledkirianas
notetkumiem saskana ar Regulas 2016/1719 51, pantu (turp-
mak art - HAR)), ko ir izstradajusi atbilstodte PSO un apstip-
ringjusas atbilstosas naclonalas regulativas testades, sakotng)l
tevieiot Regulu 2016/171%;

4) JAD patlaban ir sadarbibas partneris lielakajal dajan
tirgus daltbnieku, kas pleméro HAR un aptver lielako dalu
tirdzniectbas zonu robefu, kur plemérojama nikotnes Jaudas
pleskiréana.

Nemot verd Regula ueliktos plenakumus, Firopas parvades
sistemas operatortem bija llels 1zatcinajums leviest visas lzmal-
nas, kuras paredzeja Regula. Ta rezultata tika optimizet! un au-
tomatizet! procesl, kas ne vien saglabaja elektroenergtjas trgus
dalibnieku leinteresatibu pledalities regtonalas zsoles platfor-
ma, bet arf radija interes! par dalibu vienota lzsoles platforma.

Ka apliecindjums tam, ka visu Eiropas regulatory plenem-
tals lemums bijls parelzs, ir 2018, un 2019, gada Janvira me-
nesa lzsoles rezultity salldzindjums. Saskana ar AST® un JAQ?
Interneta vietng pleejamo informactu lzsolu daltbnieku skaits
pleauga par 110%, jo 2018, gada janvara 1zole pledalyas 9 tr-
gus daltbniekl no Baltyjas, bet 2019, gada janvart - Jau 19 no
visas Elropas (4. att.).

Baltijas elektroenergijas tirgus Ir Interesants ne tikal Baltl-
Jas valstu tirgotajtem, bet art parejlem ES tirgus dalthniekiem,
par ko llecina lielals tzsoles daltbnieku skaits.

Batiskl noradit, ka, sikot ar 2019. gadu, vienotd lzsoles
platforma 1r vieniga un galvena platforma, kura var notikt
tirdzniectba ar finansu instrumentiem, kurl paredzet! Eiropas
tirgum un darbojas pec ES HAR.

Parvades sistémas operatorl, kurl Ir lesalstitl vienotaja
Jaudas wzsoles platforma: 50Hertz (Vactja), Amprion (Vactja),
AS "Augstsprieguma tikls" (Latvija), Austrian Power Grid
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Regiondlas izsoles platformas
rezultati par 2018. gada janvara izsoli
uz |gaunijas-Latvijas robefas

Piedévata jauda MW (Offered capacity) 150
Pieprasita jauda MW (Bequested capacity) 694
Dialibnieku skaits (Number of participants wivo placed bids) L
Dalidniek, kuri ieguva jaudu (Number of successful participants) 8
Izsofitd jawda MW (Sokd capacity) 150
(Cena EUR/MWh (Marginal Price per hour) 04

Vienotas pietkirianas platformas
rezultati par 2019. gada janvara izsoli
uz Igaunijas-Latvijas robefas

091

4. aitels. Regionalas izsoles platformas rezultati par 2018. gada janvara izsoli un vienotis piedkirianas platformas rezultati par 2019. gada janvara izsoli

(Austrifa), Creos (Luksemburga), Elering (Igauntja), Elia (Bel-
@tja), Energinet.dk (Danifa), Fingrid (Somba), Litgrid (Lietuva),
National Grid Interconnectors ( Brifned un IFA, Apvienota Ka-
raliste), REE (Spantja), REN (Portugale), RTE (Franclfa), Stat-
nett (Morvegtja), Svenska kraftndt (Zvledrija), TenneT TSO
BV, (Miderlande]), TenmeT TSO GmbH (Vaclja) un Transret-
BW (Vactja).

Jaudas pieskirsanas un parslodzes
vadibas tikla kodekss*

Jaudas pleskirianas un parslodzes vadibas tkla kodeksa
pamatfunkctja ir notelkt Elropas Savieniba vienotus notelku-
mus parrobeiu (starpzonu) elektroenergijas tirdzniecibal. Sis
tikla kodekss nosaka principus un prasibas jaudas pleskirsa-
nal - pleejamo parrobeiu parvades jaudu pleskirsanal naka-
mas dienas un tekosas dienas elektroenergljas tirdznlectba.
ka art nosaka veidu, ka javeic aprekint elektroenergjas tirdz-
niecibal pleskiramajal parrobeiu (starpzonu) parvades jandal
dazadiem latka pertodiem. Tikla kodekss nosaka arl notetku-
mus parslodzes vadibal un terobeioto parvades jaudis sadalet
starp tirgus daltbnieklem - $o parvades Jaudu pleprasitajlem.

Jaudas sadales un parslodzes vadrbas tikla kodekss ir vetdots,
pamatojoties uz Elropas Savienibas vienota 1ekSe)a elektroener-
ftjas tirgus modela notelktajlem principlem.

Lal nodrodinatu $o diva augstak minéto tirgu darbibu un
tirpu savienodanu (market coupling), 4s tikla kodekss nosaka
arl principus, ka refglonalle tirgl var tkt savienotl, izveldojot
vienotu Elropas lekigio elektroenergjas tirgu, ki un kadas
prasibas tiek lzvirzitas parvades sistémas operatorlem un no-
minetajlem elektroenergljas tirgus operatortem (NETO; jeb
elektroenergtjas birzam), izstradajot algoritmus un metodikas.

Latka pertoda no CACM apstiprinaanas Iidz Sodienat
ENTSO-E sadarbiba ar NETO Ir zstradajusi, nostiprindjust un
nodroéina darbibu $o algoritmu - un attlecigl nakamas dienas
un tekodas dienas tirgu - savienodanal un darbibal. Rezultata
patlaban strada visu Eiropu leklaujoss vienotals nikamas die-
nas tirgus, ko sauc par "reglonu cenu savienoganas tirgu” (price
coupling of the reglons - PCR), un gandriz visu Eiropu leklaujoss
vienotals tekodas dienas trgus, ko sauc par "parrobedu tekodas
dienas nepartraiktas tirdzniectbas tirgy” (XBID). Latvija — ar
AS "Augstspriegima tikls” un Latvijas trdznlecbas zona stra-

© hrtpeeur-lex europa.eu/legal-conbent/ENTET furi=urisers QL 25 197.01.0024 1. ENG
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dajodo nomingto elektroenergtjas tirgus operatoru Nord Pool
tedu lesatstl — ir piintha integreta sajos abos tirgos, nodrodinot
vislem Latvijas un Baltijas tirgus daltbniekiem plekluvi plasa-
Jam vienotajam ES leki#jam elekiroenergijas tirgum.

PCR ir nikamas dienas tirgus savienodanas platforma,
kuras lzstrade, uzturé$and un darbiba pledalas 8 Eiropas
NETO, 25 ES valstu PSO. Tas pamata ir Eupheniia algoritms,
kas nodrodina vienotu nakamas dienas elektroenergtjas cenas
aprekinu visas ES tirdzniectbas zonas, kuras strada §ie NETO
un PSO. Integretals vienotals ES elektroenergyjas nakamas
dienas tirgus Ir 1zdevigs vistem daltbniekiem, jo tas nodrodina
tirgus palielinatu hkviditaty, cenas notetksanas atklatibu, par-
vades Jaudu zmantosanas palielinatu efektvitatt un kopuma
- soctdlekonomisko labklaibu vistem sistema lesalstitajlem
tirgtem un to dalibniekiem.

XBID ir tekosas dienas tirgus savienosanas nepartrauk-
tas tirdzniectbas platforma, kuras 1zstrade, urturéiand un
darbiba sobrid jau pledalas praktiski vist Etropas NETO un
PSO. Ta darbiba tika ursikta 2018. gada 12 jantja

XBID sakas ka 11 valstu elektroenergyas biriu un parva-
des sistemas operatoru koplgs projekts, izpildot sagaidamas
CACM prastbas attlectbd uz nepartraukias tekosas dienas
tirdzniectbas platformas tzveldl, un tas Sobrid jau ir ateits
ka ES vienota tekosas dienas tirgus sasalstiianas risindjums.
Parrobeiu tekosas dienas elektroenergljas tirdzntectbas 11-
sinajums (XBID) uzsaka darbu 2018, gada 12. jania, sakot-
ngl leklanjot 15 dalibvalstis, taja skatta art Baltijas valstis.
Turpmak XBID projekta lesatstisies vel vairakas valstis, kas
tek]austes otraja pleslepianas posma, kas paslatk tiek planots
uz 2019. gada nogall (5. att.).

XBID ir balstits uz vienotu IT sistému, kura sastav no: vie-
notas Kopigas tirdzniectbas rikojumu gramatas ( Shared Order
Book - SOB), Jaudas vadibas modula (Capacity Management
Module - CMM) un Satfjumu izplldes modula (Shipping
Moidule - SM). Tas nozim@, ka tirdznlectbas rikojuml, ko le-
sntedz tirgus dalibniek viena XBID darbibas valstt (tirdznte-
cibas zona), var tkt savienotl ar lidziglem tirdzniectbas riko-
Jumiem, ko lesnlegudl tirgus daltbnieki jeblkura cita darbibas
valst1 (tirdzniectbas zond), ar nosacTjumu, ka Ir pleejama at-
bilstoga parvades jauda. XBID meérkis ir palielinat kopajo te-
kodas dienas trdzniectbas efektivitatl

XBID sistéma Ir uzbaveta, paredzot, ka tirgus dalibnicka
visl tirdzmtecthas rikojumi tiek centralizetl vienotaja SOB
cair NETO lokalajam tirdzniectbas sistemam. Tirdznlectbas
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XBID darba uzsakianas valstis =
2018, gada janijs

5. aftéls. XBID sakotn£jd un nikama pievieno3ands vila valstis

Vidass At Fraada

Pso Beldia
apgabali
Apjoms Min. zpjoma pieaugums 0,1 MW
(enu atzime EUR 0,01 par MWh
(enu intervals -9 595 £/MWh Iidz 9 995 £/MWh
Produkti 15 min. X X
30 min. X X
Stundas X X X X
Lietot3ja X X X X
definéti bloki*

* Stundas Bloki (newis 15 vai 30 min. bloki}

6. aftéls, Specifiskie produkti, kas pieejami tirdmiedbas zonds
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7017, gadi SEI1E gad; w109 gadi
7. atték. Baltijas tekoss dienas tirgus attistiba (2017 - 2019)

rikojumy zplldel pleejamas parvades jaudas tiek vaditas ar
CMM palidzThy, un tas tiek parrekinatas pec katra tirdznlect-
bas rikojuma tzpildes. Paslatk XBID atlaw $adu (6. att.) tirdz-
niectbas produktu parrobeu realizacyu konkretajos tirdznte-
cthas regtonos.

 htgs.ffeur-le suropa.euegel-tontart 0 TXT/HTML Reri=CELEX- 30T TRZ195 ibome=EN
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¥BID otrd posma valstis -
2019 gacla beigas

Niderande, Ziemel  Spanija,
walsk,  Portugile
Baltija nota elektroenerjyas tirgus aspektus, ar kurtem,

XBID savu darbibu ir wzsacts Jotl velksmigl.
Taja lesnlegto, apstridato un lpildito tirdznle-
cibas rikojumy skalts pleaug ar katru menes.
Patlaban XBID strada jau gandriz 10 meneus.
Tirdzntectbas darfjumu skattam 1k menes
gandriz dubultojoties, kopgjals platforma no-
tikudo trdznlectbas darfjumu skatts parsniedz
Jau 10 miljonus. Analtzejot to, kidu lespaldu
uz Baltljas tekodas dienas elektroenergljas tir-
gu Ir atstajust XBID darbibas uzsakiana, jase-
cina, ka Baltijas tirgus daltbnieki nepietieka-
mi aktivi lzmanto jaunas lespéjas. Salidzinot
tirdznlectbas datus par 2017, un 2018, gadu
un 2019, gada pirmajlem méneélem, nav re-
dzams, ka tekogas dienas tirdzniectbas apjoms

Baltya pleaugtu

Multi-NEMO kartiba

Jaudas pledkirianas un parslodres vadibas
tikla kodekss apliko Jaunus Elropas lek$e)a vie-

ES konteksta, tugus daltbniekt 1eprieks nebya
saskarustes. Lidz $im Eiropas Savientba darbojas
naclonalle un reflonalle elektroenerftjas tirgl,
kury darbtbu nodrofinga refionalas val naclo-
nalas elektroenerglias birias. Plemaram, Baltijas
valstls Ir Integratas kopgja tirgti ar Zlemejval-
stim: tirgus darbibu nodrodina Nord Pool, kas

X saj tirga Iidz §1m darbojies ka monopolistisks
elektroenergtjas birfas pakalpojumu snledzes.
Jaudas pledkirianas un parslodzes vadibas tkla
kodekss paver lespeju savstarpe)l konkurét arl
e ifjas birzam.

Ta rezultata ES valstis, kuras nav notetkts
biriu darbbas monopols (plem., Baltijas
valstis, Zieme]valstis, Vaciya, Polija) ir janodro-
iina vide, kas atlau) stradat vairak neka vienam
NETO viend tirdzniecibas zond. Baltijas valstis,
Iidetekus Zlemelvalstim, savi darbibu ir pletel-
kst vismaz divi NETO — Nord Pool un EPEX.
Visos ES reflonos tiek stradats ple ta, lal nodro-
naty, ka Iidz 2019. gada beigam ir vetkt! vist
prieksdarbl, kas Jaus uzsakt darbu vatrakiem
konkurgjodlem NETO viena tirdznlectbas zona.
Art Baltjas valstu PSO kopigt ar Nord Pool un

EPEX strada ple §o prastbu tzpildes.

Elektroenergijas balansésanas
tikla kodekss®

Elektroenerjtjas balansaanas tikla kodekss stajas spaka
ka viens no pedéjlem, protl, 2017, gada 18. decembrt, Iidz ar
to 2018. gada helakoties tika atustitas metodikas, kas lezime
kopeja Eiropas balanseianas tirgus satvarw. 51 tikla kodeksa
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meérkls Ir nodrodinat Etropas elektro-
enerflfas parvades sistemas optimalu
parvaldiby un koordinety darbibuy un face
tzvetdot ES meroga tehniskos, darbibas
wn tirgus noteltkumis, ar ko regule elek-
troenerjljas balansesanas tirgu darbibu.
Tas arl paredz saskanotu metodiku 1zs-
tradi, tadzjadt palielinot balanseganas
tirgu lkviditat, papladinot parrobeiu
tirdznteabu un efektivak mantojot
esodo tTkly balansedanas nolikiem.

Ta ka Regula paredz sekmét balan-

sesanas elektroenerfijas tirgu ar koplgu
Eiropas platformu starpniectbu, pare-
dzams, ka katram balanse8anas produk-
tam tiks lzveldota vienota Elropas plat-
forma, kas koordines parvades sistemas
operatoru balanseéanas elektroenergtjas
aktivizedanas pleprasljumis un Jais ap- I
malnlties ar balanséSanas elektroener-
@t Etropas platforma tiks plelletots
PSO-PSO modells, tapec aktivizedanas
pleprasljum! un komunikiclfa ar na-
clonalajlem balansesanas pakalpojuemu
snledzeflemn (BPS) paliks katra parvades
sistémas operatora parzind.

Nebalansa netédana:

Etropa balansesanas procesd var bat 9. attés, Vispargai

aFRR: PICASSO

mFRR: MARL

W Eieds W Howbeotiis

&, otték. Balans#anas platformu ievietanas projektu statuss un dalibnield

[

Platfarma
(it izl anas

eptimizetanas
Funkelja)

Irdz plectem sollem:

= frekvences noturgfanas rezerves (Frequency contalnment
reserve - FCR);

= nebalansa netefana (Imbalance nefitng - IN);

= frekvences atjaunodanas rezerves ar automatisku aktivesa-
nu (Frequency restoration reserves with automatic activation
- aFRR});

= frekvences atjaunofanas rezerves ar manudlu aktivedanu
(Frequency restoration reserves with manual activation —
mFRR);

* alzvietosanas rezerves (Replacement reserves — RR).

Elektroenergljas balanséianas tikla kodekss paredz leviest
kopejas Eiropas platformas, tadejadi harmontzejot Eiropas
balanseganas tirpus procesus. Ta ka katram no procesiem (1z-
nemot FCR) tikla kodekss pareds izveldot Eiropas platformu,
Etropas PSO Ir izveldoju$l fadus leviefanas projekius (8, att.):
* 1GCC (Internattonal Grid Control Cooperation) - nebalansa
neteianas procesam;
= PICASSO (Platform for the Internattonal Coordination of
A ted Frequency Restoration and Stable System Opera-
tton) — aFRR procesam;

* MARI (Manually Activated Reserves Initiative) - mFRR pro-
cesam;

= TERRE { Trans-European Restorafion Reserves Exchange) -
RR procesam.

2018, gada tika lzstradatas valrakas metodikas un PSO
prieksltkum, kas lezime turpmaka Eiropas balansesanas tirgus
satvaru un darbtbas pamatprincipus, harmoniz# balansésanas
tirgus produktus un cenodanas princlpus. Savukart 2019, gads
tezimes sakumu padu platformy tzstrade un levielana. Eiropas

20192

platformu pamata bas akiivizesanas optimizé$anas funkcja,
kas apstradas visu tenakodo un tzejodo informactu - tostarp
apkopos visus lesttitos solljumus, apvienojot tos ar PSO balan-
sefamas energljas pleprastjumy, ka arl optimizacijas rezultata
letelks nepleclesamas aktivizeianas darbibas, ko parvades sis-
temas operatort talak nodos balansa$anas pakalpojumu snie-
dzejlem. Vispargjals balanseianas platformas darbibas prin-
cips llustrats 9. attela,

Baltifas valstts sobrid no nosauktajlem proceslem tlek iz-
mantots mFRR produkts, lidz ar to tas ir lesaistitas MARI
projekta. Saistiba ar Baltijas valstu plinoto sinhrontzactju ar
Centralelropu, nakotng bas neplecle$aml papildu balansaga-
nas produktl, idz ar to paredzeta 1esalste ar parejos projektos.

Vienots Baltijas balansésanas tirgus

Baltijas PSO, velcinot refionalo sadarblbu ENTSO-E
elektroenergljas balansafanas tkla kodeksa agrinds leviesa-
nas pilotprojekta tetvaros, jau ir izveldojudl (no 2018, gada
1. janvara) vienotu Balttjas valstu elektroeneritjas balansaga-
nas tirgi. Lal optimizety balansasanas elektroenerfjas ap-
Jomu un velcindty konkurencl elektroenergljas balansefanas
tirgn, Baltyjas balansedanas tirgn tiek centrallzet! aktivizeta
balansedanas energfja (standartizéts produkts), nemot vera
visas Balttjas sistemas nebalansu (novirzt).

Papildus tam, 2018, gada tika zstradata un teviesta IT plat-
forma Baltyas balansesanas tirgus vadibal, kas nodrodina at-
raku un efektivaku balanse$anas tirgus darbibu, ka art kalpo
par pamaty turpmakal 81 tirgus attlstibal un Integracijal ar
Etropu. ER
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Annexes 3.

Latvijas integracija Eiropas
elektroenenrgijas tirgil

Latvijas parvades sistémas operatora mérki, atbilstoZi Eiropas kopéjas energétikas politikas pamatnostadném, ir nodroSi-
nat stabilu elekiroenergijas parvades sistemas darbu un drofu elekiroapgadi pateretajiem. Taja pasa laika parvades sistemas
operatoram ir javeicina elektroenergijas tirgus darbba un japalidz elektroenergijas rafoZanas industrijai pakipeniski pariet
uz videi draudzigaku elektroenergijas razoZanu. Lai Latvija sasniegtu £os merkus, bitiska ir integracija vienotaja Eiropas
elektroenergijas tirgl.

ARSI

Dr. s¢. ing. Gatis Junghans,
RTU asoc. prof., AS "Augsisprieguma fikis™ valdes loceklis

Mg. oec. Aigars Silis,
AS "Augsisprieguma fikls™ elektroenergijas tirgus uzraudzibas specidlists
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Eiropas energ&tikas politika

l}mh elelﬂruapgade

nosaka parvades sistémas ot isgen s ntegrac
I:I[]eralura stratﬁg”u +  Vienots Eropas elektroanengijas tngus
Eiropas Savienibaz (ES) energetikas politikas
triz galvenis mérki ir £adi (1. att. ). + BEMIF
« dro¥a eleltroapgéde; . ‘FOHW_IE:INIMS tikla attistibas plans
& energozist®fmas dekarbonizdcija un atjau- ropas Tikla kodeks
nojamis energijaz izmantofanas palielindfana
energijas ra¥ofana;
» vienota Hiropas elektroenergijas tirgus iz-
veide. AST stratédija  EEELTERTEETT

ES enerjjetikaz politikas mérku sasniegfanai
nepieciefamais ricibas plans ir iestradats da#a-
dos dokumentos. Latvijai bitiskalde ir tris ric- 1 gz Firopas Savieribas energ@fikas politikas ietekme uz parvades sistémas
bas plana dokumenti: operatora stratégiju

« Baltijaz jiiras regiona valstu waldibu par-
stAvju apstiprindtaiz Baltijas energijas tirgus starpsaviencjumu plains BEMIP — regionialas sadarbibas ricibas
plans ar merld leviest vairakus energijas infrastrultiiras un tirgus integracijas projektus;

+ Latvijaz elektroenerfijas parvades sistémas 10 gadu attistibas plans, kuru izstrada AS “Augstspriegu-
ma tikls" (AST) un apstiprina LR Sabiedrizko pakalpojumu reguléfanaz komisija;

s Eiropaz elektruene-rgljas tikla kodelssi. Patlaban tisk izstradati un ieviesti ast,o.l;u Eiropas elektroenergijas
tikla kodeksi. Sie tikla kodeksi ir vispusigs vadliniju kepums, ki organizét elektroenergijaz sektora darbibu Eiro-
pas Ekonomizké= zonas dalibvalztiz.

Integracijas tris pamatvirzieni

Integracijas triz pamatvirziend ir 2841 (2. att.):

s tikla integracija. Latvijas parvades tikla
integricija ar Eiropaz parvades tiklu tiek nodro- TIKLA
iinfta, izblivEjot jaunus starpsavienojumus gan integricija
Baltijaz iekZienz, gan starp Baltija= un Eiropaz
parvades sistEmam, lai nodrofindtu infraztrul-
tiiru elektroenerfijas apmaigai starp Eirepas
valstim;

# tirgns integracija. Lai veicindtu konlmu-
renci Eiropaz imeni, Latvija, lidzigi kA par&jaz
Eiropas dalibvalzstis, tiek ieviezts vienots tirgus
modeli=, kura merkiz ir nodrofindt brivu starp-
valzstu elektroenerpgijaz tirdzniecibu un augstu
konkurenci;

# siztémvadibas integracija. Pieaugot vE-
ja, zaules un izklied®tdz fenerficijaz Ipatsva-
ram enefgosistéma, arvien vairdk parvades
sistémas darbu viend valsti ietekm® procesi
kaimigvalstu parvades sist&mis. Lidz ar to ar-
vien aktudldka klist pérvades sistémas ope-
ratoru savstarpgja sistémvadibas koordinacija
refionala limeni. 2. attéls. Integracijas siratégijas tris pamatelementi

Pieaug starpsavienojumu nozime
Baltijas elektroapgades nodro¥ind¥ana

Latvijas elektroenerfijaz tirgus ir salidrinoi mazz — no elektroenerffijaz patériga ckatpunkta Latvijas tir-
guz apmér: ir nepilni 2% no kopgjd Skandinfvijas-Baltijas tirgus jeb aptuveni 0,25% no kopZja Eiropas elsk-
troenerfsijas tirgus. Latvijai elektroapgides un drofuma pafpietiekamibas nodrofindfana izmaksatu Joti dargi.
Tapec Latvijai ir kritizki svarigi nedrofinat integriciju vienotaja Hiropas elektroenergijas tirgii. Baltijas valstu
parvades sistEmas operatori pEdEjo dezmit gadu laikd ir neatlaidigi strAdAju®i pie Baltijaz energozistémas in-
tegracijas Eiropas tirgl. Pirmaiz starpsaviencjums starp Baltijaz un Skandindvijaz parvades sistZmam tika no-
dots ekspluatdcija 2007. gada sdkuma, un ta urstdditad jauda bija 350 MW (Igaunija-Somija). Patlaban ir nodoti
ekspluatfcija jau Eatri starpzavienojumi starp Baltijaz un Eiropas parvades sistEmam ar kop&jo uzstidite jaudu
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3. attéls. Baltijas starpsavienojumi ar Eiropas parvades sistemu

2200 MW (2. att.) jeb aptuveni 50% no Baltijas elektroenerfijas patfripa maksimuma. Starpsaviencjumu izbiive
ir bitiski paaugstinijusi elek ades drofumu Baltijd un nodrofinajusi Baltijas iek]aufanu Eiropas elektro-
enerfijas tirgi.

Baltija sagaidams raZo$anas jaudu samazinajums

Sobrid Baltijaz walstu elektrostacijis uzstadito jaudu summa sacniedz ap 9000 MW, kaz aptuveni divas reizez
parcniedz Baltijaz patériga maksimumu. Taja ckaitd ap 5000 MW uzztaditaz jaudas ir lielajam termoelektrosta-
cijim (pamata ar gizes un degakmens kurinamo). Baltijaz parvades sizt®mas operatoru veiktais jaudu pietieka-
mibaz hovettéjums nakamaji dezmit gadi pared,z bitizku raiugms jaudu samazinadjumu péc 2020. gada,
kad no tirgus izstasies vecikis gizes un degak jas. Lidz 2030. gadam Baltija varétu tikt slégtas
rafofanas jaudas kopumai ap 2300 MW jeb turpat puse no ].mlo temnd.ek:h:nsfamju esofds jaudas. Samazinoties
ra¥ofanas jaudam Baltija, elektroapgides nodrofinaZana pieaugs star jumu nozime (4. att.). Starpsavie-
nojumi nodrodinds gan elektroenergijas, gan parvades sistémas drofumam nepieciefamo sistémas pakalpojumu
{rezerves) starpvalstu tirdzniecibu.

Uz atjauncjamiem energoresursiem balstitu ra¥oanas tehnolofiju izmaksas pasaulé strauji samazinds. Sa-
gaidims, ka nikotn#® Baltijd turpinds attistities izklied#td fenerdcija un uz atjaunojamiem energoresursiem
balstita fenerdcija. Sobrid Baltija jau darbejas ap 5500 izklied#tas fenerfcijas vienibu, un nikotn® sagaidima
tas turpmilka attistiba. Baltija uzstaditd vEja elektrostaciju kopgja jauda patlaban jau parsniedz 900 MW, kas

lidzinds aptuveni 20%

o o o no Baltijas pika paté-

Jaudas pietiekamiba normala sistémas darba reZima - ziema ripa. Nemot vérd vija
tenericijas  konku-
rétspEjigas izmaksas,

i salidzinot ar citiem

H]

fenericijaz veidiem,
ir cagaidAma £ fe-
nericijas veida turp-
maka attiztiba Balti-
ji. Baltijaz parvades
i tikla stiprinafana un
integréfana ar Eiro-
pas pirvades tiklu ir
e e e we e priekfnozacijums, lai
e ol s b e et | b mumowss bty jespejama liela
T ok Bemais  Coolhbove. Alttursl S Lishes - Blagine liahs - Sl S brasrts hasdls apjoma atjaunoamo
— Ptz - oPar v - - Gedmdirkrgme - Terite e energoresursu  elek-
trostaciju turpmaka
4_ afteic. Rafotanas un starpsavienojumu jaudu pietiekamibas novertéjums. pieslégZana Baltijas
Avots: AGT, Fiering, Lilgrig energosistéma.
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Lidz 2025. gadam tiks realiz&ti
nozimigi Baltijas parvades tikla
pastiprina&anas projekti

Lidztekus Baltijas starpsavienojumu ar Eiro-
pas parvades sistEmam irbiivei Baltijas parva-
des sist®mas operatori pastiprina Baltijas par-
vades tiklu. 5. attZld redzami Baltijaz 230 &V
parvades tikla nozimigdkie attistibas projelti

Latvijaz elektrosnergijaz parvades zicté-
mas attiztibaz plind paredzétaz 445 milj. eiro
investicijaz laikpozma no 2018, lidz 2027. ga-
dam. Pieciem projektiem, kuru investicijas
10 gadu perioda tiek l&ztaz 224 milj. siro apma-
rid, ir piezaiztitz wai tiel: plinot= piesai=tit ari
EE lidzfinans&jumu. Patlaban lidzfinansgjums
ir pieflirts trim projeltiem — “Kurzemes loka”
3. kiirtas elektrolinijas un apakfstaciju bivnis-
cibai (ES lidzfinanzZjums — 55 milj. eire, kop&jis
investicijaz — 128 milj. eira), Latvijas-Igaunijas
trefd starpzaviensjuma elektrolinijaz bivei un
apalfztacijaz paplafindfanai (ES ldzfinan-
s&jums — 623 milj. eiro, kop&jas investicijaz —
102 milj. eire), ki arl jaunas 330 kEV elektropar-
vades linijas, kas savienes Rigas TEC-2 ar Rigas :
HES, bitvniecibai (ES lidzfinans&jums — 10 milj. T afféls. Baltijas 330 kV parvades fikla noZimigakie aifisfibas projekii
eiro, kop&jas investicijas — 20 milj. eira).

Turpinds Baltijas elektroenergijas tirgus
harmoniz&%ana ar vienoto Eiropas tirgu

Lai izveidotu vienotu reffiondlu eleltroenerfijas tirgu, nepietick tikai ar starpsavienojumu izbivi AtElririgi
tirgus modeli var biitizki ierobefot vai pat blok&t starpvalstu tirdzniecibu, pat neckatoties uz fizisku starpsavie-
nojumu esamibu. Tapéc, balstoties uz Eiropas elektroenergijas tikla kodeksiem, ES dalibvalstu parvades sistEmas
operatori katrs sava valsti levie vienotu tirgus medeli, lai pandktu, ka elektroenergijas tirgus Eiropd falctizlki
darbeojas ki vienots veselums._

Eiropas eleltroenerfijas tirgus modeliz sastav no tetrim dalam (6. att.).

Nakamas dienas tirgus patlaban psc pirktds un pardotas elektroenerfijas apjoma ir galvenais tirgus, kura
tiel sl8gti standartiz&tas piegides darfjumi nikamajai dienai pa stundam. Eiropas tikla kodekss nosaka notei-
Ikumus Eiropas koordinfta nakamas dienas tirgus izveidei. Tapec ES dalibvalstu parvades sist®mas operatori
zadarbiba ar elektroenerfijas bir¥am ievieX Eiropas tirgus integricijas projeltu (multiregional coupling), kura
galvenais princips ir vienota platforma, vienots cenu un starpvalstu plismu noteikZanas algoritms. Sis sare¥-
fitais projekts, kas ir lielakais Eada veida projekts ES praksg, tiek selimigi ieviests, un Zobrid jau 75% no visa
Eiropaz elektroenergijas tirgus, taj skaitd Latvija un pargjaz Baltijaz valstiz, ir integréti caur centralizéto plat-
formu.

Tekofas dienas tirgus arl ir
firisko piegi¥u tirgus, lkas atve-
ras urreir péc nikamas dienas tir-
gus slégfanas, un tajd iespEjams
zlZgt piegdfu darfumus lidz pat
vienai stundai pirmz redld lailka
stundas. Palielinoties nepastavi-
gai un izklied8tai Fenerdicijai, tir-
gus dalibniekiem klast arvien iz-
aicinefdk sabalanz#t piegidez un
patfripu ndkamas dienas tirgi,
tap&c tekoZis dienas tirgh dalib-
nieki var veikt papildu darfjumus,
lai zabalanz&tu piegides. Eiropas
elektroenergijas tikla kodekszi no-
zaka prasibasz Eircpas koordin®ta § afffls. Baltijas elekiroenergijas tirgus struktira
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tekoZiz dienas tirgus izveidei. Tapéc Eiropas pArvades zsizt@mas operatori zadarbibd ar birfim stridi pie vieno-
tas Eiropas teko#as dienas tirgus platformas izrveides (XBID projektz). 20158. gada pirmaja ceturksni tiks ieviests
id apjomiga projelita pirmaiz posms, un pirma dala no ES dalibvalstim, taja skaita Baltijas valztis, siks organizét
tekofiis dienas tirgu caur vienoto Eiropaz XBID platformu.

Balans&ianas tirgus ir svarigs instruments parvades sistZmas operatoriem, lai izpilditu vienu no svariga-
kajam funkecijim — nedrofindt nepartrauktu elektroenergijas lidzsvaru sizt®ma, kur strauji pieaug nepastavigd
un irkliedstd fenerficija. Balanz&£anas tirgl tirgus dalibnieki pardod parvades zist®mas operatoriem manuali
aktivizgjamas frekvences regul&Zanas rezerves redlz stundas laikd (piem&ram, elektroztaciju fenerdcijas palieli-
nifana vai samazinffana péc sistémas operatora pieprasijuma). Lai ieviestu vienotu Eiropas balansg2anaz tirgu,
kkas balstits uz vienotaz Eiropas balansg2anas tirgus platformas, patlaban jau vairak neka 20 Eiropas parvades
zizt@mas operatori, tajd ckaitd no vizAm trim Baltijas valstim, strada pie vienotas balansgZanas tirgus platformas
projekta (MARIT projekts). MARI projektu planots pabeigt 2020-2022. gada, un Baltij tas aizstiz Baltijas refi-
oniilo balanz&Zanas tirgus platformu.

Baltijas elektroenerdijas tirahi pieaug konkurence un samazinas cenas

Pateicoties parvades =i operatoru I tajiem integrdcijas projektiem, péd&jos gados elektroenerfijas
tirgus darbiba Baltija ir nozimigi uzlabojusies. Par to liecina cenu tendences un tirdzniecibaz apjoma izmaigas.
Vienz no svarigakajiem indikatoriem tirgus darbibaz novertf#anai ir elektroenergijaz cenu limeniz birfa.
Pzdijo tetru gadu laika elektroenerfijas cenu limenis Nord Pool bir#d Latviji ir samazindjies turpat par 30%.
Vidéja elektroenerfijas tirgus cena 2014. gada Latvija bija 52,12 EUR/MWh, bet 2016. gada — 36,09 EURMWh
(zamazinfjums par 30%). Savukdrt 2017. gada 10 ménefos vidEd elektroenergijaz cena bija 34,93 EUR/MWh
(7. att.).
Svarigs tirgus kvalitites raditdjs

SAaneiu vidajas elektrosnargijas cenas Nord Pool birka ir ari cenu starpiba starp dafadam
akamas dienas tirgus cenu zonAm regiond — lidzigikas ce-
Euck e 8] —lgwase —Lenn — ety — o nas liecina par augstiku konkuren-

ci reffiondlajd tirgd. Ja 2014. gada
- elektroenerfijaz cenas Nord Pool
birfd Igaunijd un Latvijd bija vie-
nadas tilai 20% no laika, tad 2016,
gadd cenas Igaunija un Latvija bi-

l ja identizkas jau 709 no laika. Ar
L/\.__/\ cenu starpiba starp cenu zonam ir

samazindjusiez. Ja 2014. gada Lat-
vijas cenas bija augstdkas par Igau-
nijas cenam vidgji par 12,51 EUR/
MWh, tad 2016. gada & ctarpiba
camaringjiz hdz 3.02 EUR/MWh,
Litbol - Nerdalt bet 2017. gada 10 ménefos jau ti-
kai 164 EURMWh. Stundas, kad
elektroenerfijas cenas refiond izli-
dzindz, konkurence starp tirgus da-
7. afigls. Videjas elekiroenerfijas cenas Nond Pool birfd pa ménefiem. Nakamas dienas tirgus. libniekiem ir visaugstika, jo Zados
Atz Novd Fool apstiklos nepastiv parvades iero-
befojumi un elektroenerfijas rafo-
taji konkur plataka refiond.

Pateicoties jaunajiem starpsavie-
nojumiem, Baltijaz kop&jaiz Argjas
elektroenerfijaz tirdzniecibaz ap-
joms (tsk ar Erieviju un Eiropas
tirgu) pEdgjo fetru gadu laika ir du-
bultojies, bet ar Eiropas tirgu — tur-
pat etrkariojies (8. att.). Tas liecina
par tirgus likviditates uzlabofanos
un konkurencez paaugstindfanos.
Latvija eleltroenergijac pircgjiem
tas nodrofina iezp&ju pirkt elektro-
enerfiju par konkurétspéjigakim
cenim. Gavukirt Latvijas elektro-
enerfijaz rafotijiem tiek nodrofina-
8. attels. Baltijas argjas elek Wijas tindzniecibas dinamik ta piekjuve plafikam, litvidakam
Aot Novd Fool starptautizkam tirgum ERE

Estlink-2

daltjas areja elektroenard jas tirdznieciba
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Annexes 4.

Latvijas elektroenergijas
sistemas attistihas pamats —

ikgadejais parvades sistémas operatora
AS "Augstsprieguma tikis” novértgjuma zinojums

an

Ansis Zbanovs, AS “Augstsprieguma fikls” Starptautisko atfistibas projektu dienesta elektroinZenieris
Aigars Silis, AS “Augstsprieguma tikls™ Elektroenergijas tirgus uzraudzibas un atfistibas dalas tirgus uzraudabas specialisis
Antons Kutjuns, AS “Augsisprieguma fikls™ Starptautisko atfisfibas projekiu dienesta vaditdjs

Jau kopZ 2006. gada — lidz ar Latvijas integraciju
Eiropas Savienibd un tis regulu ieviefanu, AS “Augst-
sprieguma tikls" klfistot par neatkarigu parvades zis-
t&mas operatoru (PS0), viens no tds piendkumiem ir
nozares attiztibaz dokumentu veidofana, plancfana un
koordingZana, apkopojot informéciju vienotd novertgju-
ma zigojuma sistémas attiztibai.

Vesturizki gan Latviji, gan Eiropd elektroenerfijas
siztEmu attistibu ir lield mera noteikufasz energokom-
panijaz ar nedaudziem Leliem fenerdcijaz avotiem,
ta¥u lidz ar Trefds energétikas palketes (Eiropas Par-
lamenta 2009. gadd apstiprintz Eiropas energétikas
sizt&mas liberalizacijaz plans) aso v&rfanos pret mono-
poliem bitizki pieaugusi Eiropaz valstu elektroeneri-
jas parvades sistémas operatoru nozime parvades tik-
lu un zizt@mu attiztiba, dodot brivu pieeju tirgum arl
mazikim kompanijim uz vienlidzIigiem nozacijumiem
ar energétikas mil¥iem. Tomér vienlidzigi nosacijumi
lieliem un mariem fenerdcijaz avotiem — pemot vErd,
ka daudzi mazie generatori izmanto atjaunigos ener-
goresursus {vEjZ, saule, idens, biomaza un biogaze) un
ir atkarigi ne laikapstakliem un pieejamia dabaz rezur-
za,—ir liels izaicinAjums ari parvades sistémas operato-
riem, kam jispgj zabalans&t generdciju ar patérigu, ne-
pieciefamibaz gadijuma nodrofinot enerfijas izdofanu
un uzgemianu katra pArvades zistfmas operatora at-
bildibas zond, un vienlaikusz nedrofinit nepieciefamas
jaudas rezerves reguléfanas un avarijaz gadijumiem,
lai apmierindtu pieprazijumu lielu fenergjofo jaudu vai

20175

starpzavienojumu neplinotu atslEégumu gadijumos.
Lidz ar atjaunigoe energoresursu straujiku attistibu,
ko zelkm& gan Eiropas Savienibas politika, gan ari Lat-
vijas valsts ilgtermiga attistibaz strat&gija, parvades
siztémas operatora sagatavotais ikgadgjai=z novert&ju-
ma Ll.r;njums ir nozimigs dokuments Latvijas elektro-
enerfijas sistEmas attiztibai, jo izvirza un apluk.o walrd-
kus iezpgjamos fenerdciju attistibas scendrijus, analizg
patérigu un pika slodzes, apckata elektroenergijaz bi-
lanci 10 gadu intervilam un informe par pieejamajam
jaudam diennalkts zlodzes zeg? i tuvakaji nakotne.
Pamatojoties uz o zipojumu, ki ari AS “Augstspriegu-
ma tikls" izstradito desmit gadu attiztibas plinu, tiek
izstradats Elektroenergijaz parvades zistfmaz ope-
ratoru apvienibas (ENTSO-E) Eiropas parvades tikla
desmit gadu attistibaz plins (TYNDP), kas savukart ir
viens no pamatdokumentiem, uz kuru pamata iespg-
jams piezaistit Eiropaz Savienibaz lidrfinans&jumu
elelttroenerfijas zistEémas attistibai un tirgus integra-
cijai. Tapat zu;m_]uma ir iekl]auta aktudla informacija
visiem elektroenergijas sistémas lietotdjiem, kas palidz
izprast elektroenerfijas ziztEmas attistibas tendences
un parvades tikla attiztibas virzienu, bet komerzan-
tiem planot jaunu fenerdiciju attiztibu, pamatojoties
uz tirgus tendencEm un pieprazljumu. Parvades sis-
témas operatora ikgadgjaiz novértéjuma zigojums pa-
matojas uz Latvijaz Republikas Miniztru kabineta no-
teiltumiem Nr. 322 “Noteikumi par parvades sistémas
operatora ikgadgjo novErtgjuma zigojumu” un ir brivi
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pieejams AS “Augstsprieguma tikls" interneta vietng
www.ast. lv. PArvades zizt®mas operatora ikgadg&jaiz no-
vErtfjuma zipojums ir iz=tradats, pemot vErd Latvijaz
Republikas Ministru kabineta apstiprinitis energeti-
kaz pamatnostidnesz analizZtajam laika intervilam,
Latvijas energétikas ilgtermiga strat&fiju 2030, Eiro-
pas Komizijas regulas saistibd ar enerf&tikas attistibu
ilgtermina. Parvades zistZmaz operators Zobrid strida
pie jaunikis zigojuma redakeijas, kas tiks apspriesta
un publicZta £a gada oktobra zakuma.

Generdciju attistiba
saskand ar dazddiem
attistibas scendrijiem

NovErtZjuma zigojums ietver informaciju par elek-
troenerfijaz sistémas aktudle stavokli un uz td pa-
mata var prognozét iesp&jamo nikotnes scendriju at-
tistibu un elektroenerfijas sistémas patéripa attistibu,
analiz&t plka clodzez pieauguma tempu un raksturot
elektroenergijas zistfEmas dinamilku attiecibd pret ie-
priekgjiem gadiem. Elektroenergijas sistémas stavok-
la parskats atspogulo elektroenergijas sistémas kopijo
patérigu, fikséto pika slodzi un sistémas minimile zlo-
dzi parzkata periodd, detalizétu diennalkts zlodzes gra-
fiku. Esofiz elektroenergijaz sistémas apzinafana Jauj
izstradat iecp&james nikotnes ccendrijus. Parvades
zistEmas operators izzkata triz iecp&james fenerficiju
attistibaz scendrijus:

= konzervativa attistiba (A

# bizez scendrijs (B);

* optimistizka attistiha (E1T).

lecpfjamie nakotnes scendriji ir weidoti, pamato-
jotiez uz Ekonomilaz miniztrija=z sniegto informaciju
par iekZzemesz kopprodukta attistibas (IKP) tempiem,
energEtikas nozares attistibas tempiem, elektroenerfi-
jas sist&mas lietotdju sniegto informaciju par vigu at-
tiztibas planiem, kd arl regulativajiem normativiem.
Konstrugjot iezpgjamoz attistibas scendrijuzs, PSO pem
vErd visu sist®mas lietotdju intereces un vajadzibas, lai
zagatavotu ilgt=pfijigu un drofu elektroenerfijas ziztz-
mas prognozi un tadgjadi pilnveidotu elektroparvades
zistEmu un spétu nodrofindt tis drofu darbibu jeblkura
iespEjami nikotnes zcenfrija gadijuma.

Jaudas pietiekamiba un
elekiroenergijas planotais pat8ring -
vieni no svarigakajiem

sistdmas raksturlielumiem

51 PS0 ikgadéja novErtéjuma zigojuma sadala ie-
tver detalizftu scendriju raksturojumu un skaidro-
jumu, biitizkalke Latvijaz elektroenerjijas zistZmas
elementu skaidrejumu un parametru/piegpimumu
fiksg%anu, lai atbilste#i katram scendrijam varftu
wveikt jaudas bilancez novErtéjumu turpmikajiem 10
gadiem. Jaudas bilancez novErt&jums ieklauj Lat-
vijaz elektroenergijas zist#mac uzstddito neto jau-
du (jauda, kaz pieejama elektroenerfijas zistEmai
un kas neietver elektrostaciju paipatfrigu jaudu)
un pieejamis jaudas slodzez maksimuma segfanai.
Jaudas bilances novErtZjums tiek sniegts katram
scendrijam — tas Jauj sagatavot elastigu elektroener-
fijaz siztému, lai nodrofindtu jaudas bilanci jeblu-
ra sceniirija Istenofanaz gadijumd. Jaudas bilances
novértdfanai atzeviki tiek izdalitas lieljaudas elek-
trestacijas {ar uzstadito jaudu virs 40 MW) un ma-
zdz elektrostacijas (lidz 40 MW), kas ir izkliedZtaz
visd Latvijas teritoriji. Pieejamo jaudu novertéjuma
pem vErd elektroenerfijas sistémas avérijas rezervi
un reguléfanas rezervi, lai paraditu nepieciefamis
jaudas rezerves sist2mai pa gadiem. Atcevifki zigo-
jumé informaciju par jaudas rezervju izmantofanu
pirvades szistémas operators sniedz par parzkata
gadu, norddot maksimilo nepieciefameo rezervi, pie-
ejamo rezervi un izmantoto avirijas rezerves apjo-
mu gan savas, gan kaimigvalstu elektroenerfijas
siztémaz vajadzibim. Papilduz jaudas bilances no-
vErtd§jumam tiek apckatitz elektroenergijaz bilan-
cez novertZjumsz 10 gadu periodam. Elektroenerfi-
jas bilance dota dafadiem attiztibasz scendrijiem un
lauj izvErtit iespijame elektreenerfijaz importa vai
eksporta apjomu atkaribd neo Latvijaz elektrosta-
ciju izstrades. Elektroenergijas bilancez prognozei
ir svarigi gemt vErd, ka katru gadu aptuveni 500
GWh elektroenerfijas, kas sarafota Daugavas HES,
tiek eksportfta uz kaimigvalstu elektroenergijas
siztémim, jo Latvijaz patfrig® nespgj aptvert wvi-
su pavazara plidu laika sara#otds elektroenergijas
apjomu.

Elektroenergijas sistémas

Elektroenergijas patérina scenariji importu vai eksportu nosaka
13000 - . . T3 v
;‘;‘T“"'m"““"b" pieejamie Qeneracuas avoti
- s | ZIEMas maksimuma un
3030 GWh oy
oo S s vasaras minimuma
o - e Witsturtshals fakts Gwh .
£ cono slodzes segsanai
1000 e itisthia i B prOg.
B - Pirvades sistfmas operators sagatave dien-
000 rarijs  GWh nakts zlodzes grafikus vasaras (slodzes mini-
N mums)} un ziemas (zlodzez maksimumz) pe-
EEEEEEZZERURAER ‘riemmmre | riodiem ar detalizftu elektrostaciju irstradi
RERRRRARARREENER diennaktl psc galvenajiem gfenerdicijas avo-

7. aftéls. Elektroenergijas patéripa scendariji idz 2030. gadam
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Elekiroenergijas tirdzniecibas apjoms 2015 (MWh)

Imparts 5245938

Bhspors 3424 478

jaudu pika zlodzes segZanai, bet vasard minimu-
ma slodzez segfanai — izdot atjaunigo (vEa, saules,
iddens, biomasasz un biogizesz) energorezursu sara-
foto elektroenergijaz parpalikumu uz kaimigvalstu
elektroenergijas sistémam. Sadi tiek maksimali iz-
mantoti atjaunigie energorezurzi un veicinfdta to
attiztiba, bet fozild kurinAma elaktrostacijas zagla-
bajas ki regul&jofas stacijas, kas vitdli svarigaz pie
slodzes maksimumiem. Elektroenergijaz bilanci rak-
sturojofais lielum= gada griezumai ir kop&jaiz sizts-
mas imports un eksports: p2dgjo gadu tendences lie-
cina, ka Latvijas elektroenergijas sist@mas eksports
ir mazdks nekd imports un Latvijaz elektroenerfijas
zistéma strada ar 1-2 TWh lielu deficitu gada grie-
zumia. Tas nordda, ka ir nepieciefama jaunu gene-
riciju attistiba Latvija, lai elektroenergijas hilance
biitu pozitiva (zsk tabulu).

Parvades zistémasz operators izdara secindjumus
par elektroenerfijas ziztémas attiztibas virzieniem
un izverté iezp&jamias darbibaz jaudas bilancez no-
drotinatanai un elektroeneriijas patériga segianai.
Strauji attiztotiez atjaunigajiem energoresursiem
(AER), jaudu pietiekamiba ir jaizvErt® refiondld 1i-
meni: ple mazrim zlodzEm un lieliem AER rafofanaz
apjomiem ir zvarigi no AER zara¥oto elektrosnergiju
ekzport&t no fenerdcijas vietAm uz galvenajiem pate-
riga centriem un pie jaudas deficita caur parrobefu
starpsaviencjumiem ir iespEjams sagemt trikstofds
jaudas ne kaimigvalstu elektroenergijas sistEmam._
Sada refionidla koopergfands lauj zazniegt plaZiku
AER elektroenerfijas izmantofanu, tA samazinot
gan nepieciefamibu pZc fosild kurindma elektrosta-
ciju darbibaz, gan siltumnicefekta gizu izmeXuz.

Elektroenergijas tirdzniecibas apjoms 2016 (MWh)
4628354

3794883

Regionila jaudas pietiekamibas
nov&rt&juma nozime parvades
sistdmas atfistiba

2015. gada Baltijas valstu PSSO vienojis izveidot ko-
pEju elektroenerfijas ziztEmu datu apmaigas platfor-
mu, kas nodrofina jaudas pietiekamibas novErtgjuma
analizi Baltijas refiona limeni Ard AS “Augstsprie-
guma tikls" daju ne regiondld pftijuma rezultdtiem
atspogulo savi Parvades sistémas operatora ikgadija
novértgjuma zipojumd. Jaudas bilances novErtdjums
tiek zagatavots vairdkiem iespEjamajiem attistibas
scendrijiem ziemas un vazaras periodam, ki ari tiek
izskatiti divi elektroenergijaz ziztémas darba re#imi
— normils darba refims (N-0), kad visi elektroener-
fijas sistémas elementi ir darbd, un avarijas refims,
kad vienlaicigi atslédzas divi lieldkie sist€mas ele-
menti {IN-2, atzlédzaz NordBait 700 MW un Estlink 2
650 MW). Sads refionils jaudas pietiekamibaz nover-
t&jums nordda uz to, ka, sikot no 2024, gada, altu-
alizzies jautdjums par jaudas pietiekamibu: ja netiks
veiktas investicijas jaunu jaudu attiztibd, var rasties
problEémas ar zlodzes zegfanu un elektroenerfijaz ce-
naz vargtu pleaugt. Attiztot papildu =starpsavienoju-
mus uz Ziemelvalstim vai Poliju, varam samazindt
riskus, kas zaistiti ar jaudas pietickamibu regiond
(zk 2. att.). Jaudas pietiekamibaz novertZjumia netiek
gemtas vérd elektroparvades liniju jaudas savienoju-
mos ar Krieviju un Baltkrieviju, jo nav zinims pie-
ejameo jaudu apmérs no trefajim valstim un nenctiek
sadarbiba fajoz jautdjumes ar austrumu elektroener-
fijas sistEmam.

H

Baltijas valstu jaudu pietickamiba
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2. sftgls. Baltijas valstu pieejamas javdas noveértgjums AordBalf (700 MW) un Estfink 2 (630 MW) atsiBguma gadijuma
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3. aftgls. Baltifas valstu elekiroenergijas sistEmas atfistbas projekti saskand ar Eiropas desmit gadu affisfibas planu

Nozimig3kie parvades
tikla attistibas projekti
sistémas darba drosuma
nodroginasanai

Analizgjot jaudaz pietiekamibu dafidos zcendrijos
turpmiako 10 gadu perioda, PS5O izvErt® jaunu starp-
savienojumu biivniecibu un iekfZjd parvades tikla 110
kEV un 330 kV pastiprinafanu. Parvades tikla attiztiba
izmanto tirgus un tikla modelus: péc vairdku indikato-
ru izvértéfanas parvades sistémas operators izstrada
projektus un iel]auj tos naciondlaja 10 gadu attistibas
plana. Visi turpmik mingtie projekti ir vitdli svarigi,
lai sekmé#tu Latvijas valsts integraciju ar kaimigval-
stu elektroenergijaz zizt&mam, izlidzindtu eleltro-
energijas cenas ar tis cenAm kaimigvalstiz, sekm&jot
Latvijaz valsts ekonomizke izaugsmi, un nodrofindtu
jaudu parvades drofumu dafados elektroenergijas sis-
témas darba re¥imeos (sk 3. att.).

Latvijas elektropdrvades sistZmas attiztibaz alktu-
dlie projekti, kas sagEmufi lidzfinanz&jumu no Eiropas
infrastruktiiraz savienofanas instrumenta lidzek]iem:

1. Kurzemesz loka 3. etaps, 330 EV, “Ventspil=-Tu-
me-Imanta”, kas ieklaut= Kopigu interefu projektu
(EIP) zarakstd un Eirepaz 10 gadu attiztibaz pland
NordBalt projekia ietvaros. S:Lr?emtajz ES lidzfinan-
s&jums 55,059 MEuro;

2. Igaunijas-Latvijas trefaiz starpzavienojums, ka=

] enerGua U PASAULE

iek]autz KIP zarakstd un Eiropaz 10 gadu attiztibas
plind. Sagemtaiz ES lidzfinanzgjums 63,28 MEuro;

3. elektroparvades tikla zavienojums “Rigaz TEC-2
—Rigaz HES", kas iel]auts KIP zarakstd un Eiropa= 10
gadu attistibas plina Igaunijaz-Latvijas trefd starpza-
vienojuma projekta ietvaroz. Sagemtaiz ES lidzfinan-
s&jums 9,99 MEuro.

PzdEjo gadu aktudlakai= projelts, kura nozime tisk
uzsverta gan parrunids starp Baltijas valstim, gan
Eiropas Komisija, ir Baltijas walstu energosistéEmu
czinhronizédcija ar Eiropas elektropirvadesz tikliem.
Projelets tika aizedkts 2007. gada ar Baltijaz valstu
premjerminiztru kopigu Komuniks prasibu izpildi,
un ta Istencfanai aizvaditel() gadu laika ir veiktaz
vairikas ekonomizkdz un tehnizkiz izrpftez (Eiro-
pas dezmit gadu attiztibas plans, konsultanta Ghotia
Power cinhronaz darbibaz prielfizpéte: Baltijaz wal-
stu integracija Eiropas iek%Zjd elektroenergijas tir-
g un EK Apvienotd pftniecibas centra pftijums par
Baltijas valstu integréciju Eiropas elektroenerfijas
siztEmai: tehnizkd un ekonomiskad analize). Projekta
izmalkzaz 122amaz no 600 milj. EUR lidz pat vienam
miljardam EUR atkariba no izvgléta sinhronizacijas
scenirija. Projekts ietver jaunu parvades liniju attis-
tibu un ezofo liniju rekonstrukeiju, lai paaugstinatu
elektroenerfijas sistéfmas drofumu. Sobrid notiek
projelta taldka virziba, un lEmumu piepEmEjiem ja-
izwelas labakaiz iesp&jamaiz sinhronizfcijas scena-
rijs, lai realiztu projektu ieplinotajd laikposma lidz
2025. gadam.
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Elektroenergijas tirgus apskati
sabiedribas un tirgus dalibnieku
inform&%anai par elektroenergijas
tirgus datiem istermina

Lai zabiedsibai un tirgus dalibniekiem sniegtu
aktudlu, ticamu un precizu informiciju par elek-
troenergijas tirgus datiem, AS “Augstzprieguma
tikls" kop# 2015. gada publicg ikméne#a elektro-
energijas tirgus apzhkatus (pieejami interneta
vietng www.ast1v). Atikirithd no parvades sisté-
mas operatora ikgadgja novErtfjuma zigojuma,
kaz pared:zfts sistfmas jaudas pietiekamibas
planofanai i ind, elektroenerfijas tirgus apskats
ir instruments zabiedribas inform#%anai par situdciju
elektroenerfijas tirgl parshata periodd. 51 informéci-
ja tiek sagatavota, balstoties uz iepriek#&ja gada sta-
tistikas datiem un Jauj tirgus dalibniekiem savlaicigi
un pafu spékiem veikt datu analizi. Parvades sistémas
operatoram ir jabGt neatkarigam, tapec AS “Augst-
sprieguma tikls" nav tiesiga irteikt prognozes vai iezi-
mét cenu attistibas tendences ne ilgtermins, nedz ai3
istermipd — pretstatd elektroenerfijas tirgotdjiem un
rafotdjiem, kuri to dafkart dara marketinga nolikos.

Vienz no sabiedribai aktudliem jautdjumiem zkar
Latvijas valsts sp&ju nosegt savu elektroenerfijas pats-
rigu, izmantojot vietdjds generdcijas jaudas. IzvErtEjot
Latvijas jaudas bilandi, var secinat, ka nepieciefamibaz
gadijumi ir iespSjams nosegt valsts elektr Eija.

1465 8; 23%

W Hidrazlektrostaciis [EWh)

36,9; 39% M Termazlekirastaciiss (G Wh)

52,3;1%

M Pirvaei piesligtis vija
elekirostacijss (EWh)

2276,3; 37%

M Atjzurigie un atbalstEmie
elekirosnergijas raZotji ar
uzstadite jaudu Bidz 10MW

4_afigls. Laivija sara?otas elektroenenjijas apjoms 2016. gada

2016. gadu, var secinit, ka Latvija sarafotas elektro-
enerfijas apjoms bijis 6231,2 GWh — pietiekami, lai
nozegtu Latvijas gada patérigu vidgji par 86 %, iz-
manteojot vietdjds fenerdcijas jaudas (triksto¥a elelk-
troenergija tika importéta), kas ir par 11 procentpun-
ktiem vairdk neka 2015. gada (75 %).

AS "Augstsprieguma tikls" saves apskatos vietEjas
generdcijas vienibas, kuras veido Latvijas jaudas hi-

lanci, iedala £adi:
* Daugavas hidroelektrostacijas — Plavigu HES, Ke-
Rigas TEC-1, Rigas TEC-2;

guma HES un Rigas HES;

= termoelektroztacijas —

» parvadei pieslZgtiz vija elektrostacijaz un atjau-
nigie un ie elektr: Zijas rafotdji ar uz-
stud.\to Jaudu lidz 10 MW (kogenerfcijas, biomazas,

i vEja, Gdens un saules elektrostacijaz).

ihal-ts

patirigu, izmantojot tikai vietSjas generdcijas vienibaz.
Ir svarigi saprast, ka katrai elektroenergijas generdci-
jas vienibai ir sava cena, pie kurasz ta tiek aktivizZta:
elektroenergijas tirgus darbojas péc principa, ka 15ta-
ka elektroenergijas fenerdcijas vieniba tiek izmantota
pirma un tikai péc tam tiek aktivizéta dargaka. Latvija
wisa sarafotd elektroenerfija tiek tirgota elektroener-
gijas birfa un visa ieciefami elektr Eija tiek
iepirlkta no birfas. Vietéjaz generdcijas vienibas pie-
ejamiba ir viens no instrumentiem, kas Jauj nodrofinat
energoapgides drofibu, cenu ierobefofanu un sistémas
stabilitdti, pemot vErd gan gaidimo AER lomas pisau-
gumu, gan sinhroniziciju ar ES valstim.

Pamatojoties wz publicEtajiem datiem par

Analizgjot 2016. gada datus, var secinat, ka bitiska lo-
ma elektroenerfijas fenerdcija Latvija ir Daugavas hid-
roelektrostacijim un termoelektrostacijam (zk 4. att.).

AnalizZjot datus par Latvijd sarafotfis un patérétas
elektroenergijaz apjomu 2016. gada, var secinat, ka
spfja nosegt valstz elektroenergijas patirigu svirstds
no 48% lidz 126% — %o procentualo atfliribu galveno-
kirt nozaka sezonali faktori, kas ietekmé hidroelek-
trostaciju un termoelektrostaciju darbibu. Lai ari lie-
lakoties Latvija ir elekiroenergijas importStija, tomer
katru gadu viend vai vairdkes ménefos Latvija zpgj
bitizki ietekm&t cenu Baltijas refiond, klastot par iz-
teiktu elektroenergijasz eksportZtaju, jo fenerfcija par-
sniedz patrigu (sk. 5. att.).

Sarafotd un patéréta elektroenergija Latvij 2016.gada

103%

8%

GWh

W op iz saradotis elekirosnengijas apjoms (EWH)

a1zt ptéring nosegiana izmantojot vietdfs fenericijas (%)

5. attels. Latvija saraZotd un patéreia elekiroenengija
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Annexes 5.

Benefits of Electricity Industry Switching from Fixed
to Spot-linked End-user Prices
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Riga Technical University
Riga. Latvia
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Abstracr — Electricity prices in the wholezale market reflect the
inherently volatile mature of electricity. The volatility iz mot
expected to decrease in the future due to increased zhares of
intermittent resources such a: wind and distributed generation.
In efficient market, electricity price becomes the link that
connects the necessary decision: of market participant: and
system operator:, and make: the szector work with as HLtle
frictions as possible. One of the challenges is to organize market
in which market playvers directly receive price signal: and ean
react to them. The share of intermittent generation resources is
steadily growing in the power system, and zo iz the demand for
flexibility in the power system. Demand responze is hugely
untapped flexibility resource. Thiz happens partially because
price zignal: do mot reach end-uszers, most of whom purchaze
electricity at a fixed price. In thiz paper, we prezent arguments,
why end-users and electricity industry in general would gain
significant economic benefitz, if most of the end-uzers would
switch from fixed price to dynamic, spot-linked electricity price.
We analyze Nordic and Baltic market data to obtain deeper
inzight of end-users’ price formation in fixed and spot-linked
tariffs. The results show that spot-linked price contracts provide
lower margin: and lower end-user prices.

Index Terms — demand response, dynamic electricity tariffs,
electricity market, electricity price, power sy:tem balancing

I INTRODUCTION

The fonctioning of the electricity market is based omn
consumer rights and the ability to choose electricity supplier
and terms of supply agreement. One of the key decisions is the
choice between a fixed and a dymamic price. In this
publication. the "dynamic price” refers to the conspmer's retail
electricity price. the wvalue of which is tied to am howly
variable wholesale price on the electricity exchange.
Electricity exchange has been in operation in the Baltics since
2010, however, only a relatively small number of consumers
have so far opted to purchase electricity at a dynamic price. In
some countries. consumers are choosing dynamic prices more
often. For e le, in Estonia at the beginning of 2018 38%,
in Sweden about 47% and in Norway about 72% of consumers
were buying electricity at a dynamic price.

The reasons, why consumers choose a fixed price tariff
are quite different. One of the reasons is the concem about

O78-1-5386-1488-4/18/331.00 ©2018 IEEE

possible larger fluctuations in electricity  billing when
choosing a dynamic price. Often this concern is groundless.
and wrong choices are made due to the lack of information
Figure 1 illustrates how electricity bill would change over a
two-year period to a Latwian household with constant
consumption of 300 KWh per month and a ic electricity
tariff. Diata shows that changes in electricity prices in practice
have minor impact on changes in monthly electricity bills.
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Totw: For howsholds with a 3 phase 20 A grid coonection and. The caloalation & based oo the neowork
sarvice tariff and subsidy structurs i foecs in 2017,
Figure 1. Electricity bill components, EUR with VAT

This publication discusses six key benefits of moving from
fized to dymamic prices for both the power mdustry and
consumers (Section IT):

Increased demand response;

Increased security of electricity supply;
Increased competition between producers;
Lower electricity price;

Lower retail mark-ups:

Greater competition between retailers.
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We conclude with Section IIT.

The main contribution of this paper is the analysis of price
formation in fixed and spot-linked tanffs for emd-users in
Latvia and Estonia. Following the findings of [1], such
evidence of benefits of dymamic prices as presented in this
paper, might be used to inform end-users on importance of
choosing spot-linked tanffs for electricity industry.

O Awarysis of Dyvavac PRICE BENEFITS

A Facilitation of demand response

Historically, balancing electricity demand and generation
in the power grid was done by regulating the large scale
easily comfrollable power plants, adapting instantaneous
generation volume to demand. Demand is not elastic because
making changes in demand is often technically complicated
[2] and consumers are reluctant to change their consumption
habits [3] (see Fig. 2). However, circumstances are changing.
Technology development in the field of IT & T, awtemation
and batteries allow consumers with flexible demand tfo
compete commercially with electricity generators. Existence
of such technologies 15 also a prerequisite for small consumers
to participate in demand response [4].
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Figure 2. Electricity demand snd supply curves at Mord Pool (16.01.2017,
09:00-10:00).
Demand 1 iz determined by the economic cheice

between the benefits of using electricity at a convenient time
and the benefits from the use of electnicity at other times
and/or a decrease 1 demand [4]. However. in a market
dominated by tariffs with a fixed electricity price, most
consumers do not have such an economic choice, and for such
customers, efforts to reduce electricity bills are based only on
supplier switching [5].

In order for the consumer to be economically motivated to
change the profile of consumption. it is necessary that
electricity tanff is hinked to the vanable wholesale price in
Nord Pool exchange. By choosing a spot price linked
electricity tariff and by chaﬂgu:l.g the profile of consumption,

the consumer will gam greater ability to control its electnicity
costs,

The European Commission (EC) is seeking a new
legislative initiative to promote incentives for electricity
supply companies to offer consumers spot-linked dynamic
tariffs starting from 2020. This will improve abﬂ.ﬂ'y of
consumers to reduce their electricity bills. According to
European Commission estimates [6], the transition to flexible
prices in the European Union (EU) Member States could
reduce the average household electricity bill by EUR 400 per
year.

Peak Shaing - Fermanant Land Shifting
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Figure 3. Using electricity demand response to cover peak loads (left) and
level out load profile (right). Source: Norh Amesican Clean Energy, 2017

B. Increased security of supply

One of the main tasks of the Transmission System
Operators (TS0s) s to ensure a contimious balance between
supply and demand of electricity in the grid. Bigger deviations
from balance can cause system instability and even
discomection of consumers. Balance mansgement in the
Baltic power grid 1s becoming more and more challenging for
two reasons. First, the power of easily regulated conventional,
large power plants is decreasing i the Baltics, buf less
controllable, less predictable and distributed generation such
as wind power is increasing. Durmg the next decade,
approximately 30% of the cument thermal power plant
capacities are expected to decommmssion (see Fig 4).
Secondly, the Baltic States are planning to desynchronize
from the Russian unified power system by 2025, which will
create the need for additional flexibility sources in order to
ensure the balance of electricity m both normal and
extraordinary circumstances.

Currently Fussian power system provides sobstantial
amount of balancing capacity. inclhuding primary control of
frequency.

Possibly that the greatest power system flexibality potential
lies in depmnd response. Therefore, in order to promote

flexibility in the power grid. it is necessary to achieve that real
electricity price reach electricity consumers, thus involving

1 "Grocery Stores Go Beyond Barteries with Thermal Energy Storage, " [Online].
Awailable: heipwww.nacleanspersy. com articles 26581/ grocery-siores-go-beyond-
batteries-with-therma -ener gy-storage
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consumers in ensuring the power balance in the Baltic power
system [7]-[9]. Electricity prices become a "glue” connecting
the power system operation process with motivated decisions

of market partictpants, thus contnbuting to the secunity of
power system [10].

Mormal operation (Winter)

T P
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Figure 4.

C. Increased competifion batween elecnicity producers

Flexible conswmers can compete with producers in the
market for both electricity and varous system services,
confributing to a reduction in overall electricity costs. As the
intermittent and distributed generation expands rapidly in the
system and at the same time the total capacity of conventional
power plants decreases. role of demand response is increasing
notably in provision of different system services in the
European market. incl. frequency regulation and balancing.

By motivating consumers fo choose spot-linked taniffs,
demand respense and consumer competition with electricity
producers is encouraged, which has a positive effect on the
formation of electricity prices in the market (Fig. 3).

ELR T

Fpr: fiem b i | Less tlexible

Flexible demand competition with generators and impact on
market price outs.

Figure 5_

D. Lower electricity price

When purchasing electricity at a tariff linked to howrly
spot price m exchange, the electricity user always pays for
electricity at a price that is formed on the exchange in the
actual circumstances of the power system during the period of
electricity consumption. In tum, when choosing a fixed-price
tariff. the fixed price in the supply contract between consumer
and retailer 15 normally based on the wholesale electricity

Forecasted available elecmicity supply capacity in the Baltic region in winter. Source: Baldc TS0s.

price forecast at the time of conclusion of the contract for the
expected delivery period (for example, 12 months). The
forecasted price never matches the actwal price [I1]
Consequently. the interesting question is: which type of
supply contract offers the lowest average electricity price in
the long mmn?

We will not give any forecasts about possible future price
trends. However, we can look at the statistical price trends in
the market. Within the framework of the analysis the price
comparison of the Nordic system spot prices and forward
prices over a period of several years was carned out. The
electricity spot price source 1s the Nord Pool exchange, while
the sowce of electricity forward prices is the Nasdagq OMX
Commodities. Smmularly to [12] and [13], we apply ex-post
forward risk preminm methodology. We use the last closing
prices before the start of the supply period for monthly,
cuarterly, and yearly forward contracts. Statistical data show
(Fig. 6), for example, that yearly system price has been on
average 8% higher than the average spot price during the 20-
year period (1996-2016). As shown in Table 1. the monthly
and quarterly forward prices have been higher than the spot
prices, albeit to a lesser extent than the vearly forward prices.

Of course, it is not possible to say with certainty whether
in futore forwand prices will be higher than spot prices. This
work provides an overview of publicly available information
on electricity prices and, based on this information each
electricity user can draw conclusions and frther assumptions
when it comes to choosing between fixed and dynamic prices.
However, i order for market participants to make informed
decisions, it is necessary to make such mformation accessible
for the public.
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Figure 6. Price of Mordic system price forwards and Mordic system spot
price. Source: SEM, authors' calculations.

TABLEIL FORWARD CONTRACTS' EX-POST RISK PREMIUM
Type of forward . . -

c . Monthly Craartesty Yearly
Ex-post risk £ 4% 4

Noes: Sewistics, of munthly and quarerty frsand pricss Sor ek Sm the pariod 2003 to 1€,
et yoardy sorwand prices. Som the pariod 1996 o 2016,

E.  Lower retail margins

Publicly available electricity supply offers indicate that
retail mark-ups in fixed price offers tend to be higher than in
dymamic price offers. Table 2 shows a comparison of publicly
available retail matkups for fixed and dynamic price offers for
househelds in Estonia and Latvia for 2018. This data show
that in Latvia reta.ilma.rk—q:si.nspot ]jﬂkedpricesmm
average two times smaller than in fixed price offers. but in
Estonia the retal margin in spot Linked prices is even mine
times smaller. It should be emphasized that this analysis is
based on publicly available bids. which may be changed in
some cases during the negotiations between a consumer and
supplier. It should be noted that the closing price of electricity
financial contracts used to calculate the mark-up vanes day by
day. However, overall, the result of an analysis indicates the
general trend of retail margins being smaller in spot linked
price offers than in fixed price offers. The reasons for that may
be quite different. For example, sale of electricity at a fixed
price result in a higher financial risk for a retailer due to price

creates additional financial risks which shonld be managed.
Price risk management requres additional resources and
competence. For new suppliers, these costs form part of the
costs asseciated with entering the market. In addition. hedging
of price risks involves not only additional administrative costs
but also the cost of purchasing financial instruments, which
are significantly higher in the Baltics than in the Nordic
market due to low hqudity (Table 3).

TABLE I MAREET DATA FOR DIFFERENT FINANCIAL CONTRACTS
Coniract Bid-Aszk spread | Open interest 01::; mr!restr ;ﬁ::]w
pe (EUBMWh) (TWh) eleciricity demand (%)
Hard Poal 023 1878 486
System
EPAD SE3 0.41 37.5 4.0
EPAD FI 0.45 33.4 40.0
EPAD SE4 046 47 134
EPAD 5E2 0.5% i 354
EPAD KO1 0.63 19 5.1
EPAD DE1 0.74 28 144
EPAD DEX 0.77 3.7 283
EPAD SE1 080 .48 269
EPAD NO4 137 14 75
EPADLY 5.50 0.1 1.8
EPAD EE NA 0.0 0.0

spot volatility, and adoumistrative costs associated with

TABIETL COMPARISON OF ELECTRICITY RETAL MARE-UPS
(EUF/MWH) FoR FINFD AND VARTABLE PRICES
Forward Weizhed Fixad Fetail Fetail margin
ices forward retail IMATEn in in spot-linked
e price” price’ fixad price® price®

Estonia 341 358 437 kL] [
Lamia 36.0 387 452 6.5 3.0

mﬁnwlﬂ ef 2015 eaded onde N OMX Commnodition sxchngs

-"cbmgpu[ dthmcpocmusmﬁ::r?ﬂmﬂaﬂmxng
20123007,
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F. Higher competifion among electricity suppliers

The price of electricity on the wholesale market varies
every hour, therefore retail of electricity at a fixed price

Mots: Tho vehme of all traded fimancial corfracts of te
Conmnodition smchangs o rhpwud.iumfm])lﬁmﬂhmd z}Lli.

The issue of low liguidity in trade with financial
instruments is becoming more relevant not only in the Baltics,
but also in the Nordic market The turnover of Nerdic
electricity financial contracts traded in the Nasdag OMX
exchange in 2017 (total amount - 1059 TWh) decreased by
26% compared to the previcus year and was the lowest in the
last 18 vears (Fig. 7).

The tumover has been steadily declining since the global
financial crisiz i 2008, when it reached 2535 TWh Some of
the reasens for such rapid decline could be the EU's additional
regulatory requirements for financial market participants,
decreasing electricity spot prices and low spot price volatility,
a3 well as fragmentary markets with many price areas.

1508
;“‘:I IIIII
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Figure 7. MNordic financial power mading volumes traded and cleared at
Maszdag (2000-2017), TWh Source: Montal.

In any case, additional finamcial risk and the need for
additional resources and competencies do not anse when the
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retailer  sells  electricity at spot-linked retail prices.
Consequently, it is relatively easier and cheaper for new
electricity suppliers to enter the market and compete in the
dvnamic price segment rather than in the fived price segment.
It can be concluded that in geperal competition among
electricity retailers should be greater in segment of spot-linked
prices.

The observation that in dynamic price contracts both
average price levels and retal mark-ups are lower than in
fixed-price offers reinforces this assumption: economic logic
says that in a more competitive environment. prices are lower.

OI. CoNCLUSIONS
Matching supply and demand is becoming more
challenging and the Baltic electricity system needs more
flexibility. Lack of demand participation remains one of the
most serions challenges.

In order to facilitate demand response consumers should
be exposed to prices which are reflecting the actual energy
balance in the system Transition from fixed to spot-linked
consumer prices would have positive impact on energy
industry, including facilitation of the demand response,
positive influence on the secwity of supply. higher
competition both in generation and retail markets, reduction of
financial nsks for electneity suppliers, and reduction of costs
of supply.

e conclude that the endwusers mught bepefit from
dynamic prices because of lower electricity bills. Our analysis
shows that 1n 2018 retail margin m fixed price offers 1s close
to 7.9 and 6.5 EUR/MWh in Estonia and Latvia respectively.
In contrast. retail margin in spot-linked prices is 0.9 and 3.0
EUFR/MWh for the same peried.

Cur analysis of ex-post forward nisk preminms indicates
that electricity traders pay considerable premium for bedging
their price risks. Such rsk management s are
necessary only for traders. who offer fixed-price contracts for
the end-users. Continmously declining tumover of Nordic
electricity financial contracts traded in the Nasdaq OMX
indicates that in the fotwre, when Liquidity of financial
contracts decreases even more, hedging might become more
expensive. We conclude that electricity retailers can escape

from price risk and growing hedging costs by focusing on
spot-linked offers.
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Annexes 6.

elektroenergdijas tirgus

Elektroenergijas parvades tikla
butiski palielinata starpvalstu
tirdzniecibas jauda

/AST s
ENERGIIA
KUSTIBA

Gatis Junghans, RTU asoc. prof.,
AS*“Augstsprieguma tikls”valdes loceklis

Aleksandrs Lvovs, AS“Augstsprieguma tikls”
reimu un planoianas dienesta projektu vaditajs

Aigars Silis, AS "Augstsprieguma tikls”
elektroenerdijas tirgus attistibas un
integracijas dalas projektu vaditajs

Padéjo piecu gadu laika Baltijas elektroenerdijas tirga ir divkariojusies tirdzniecibas jauda ar Eiropas tirgu un
pleaudzis parrobeu tirdzniecibas apjoms. Tas ir pandkts, gan efektivi velcot investicilas Baltijas parvades tikla
infrastruktira, gan pilnveidojot elektroenergijas tirgus modeli, kas nodrogina efektiviku parvadestikla izmantofanu
un ari siviku konkurenci starp elektroenergijas rafotdjlem platdka regiona. Tomér Baltijas integracija vienotaja
Eiropas elektroenergijas tirga ir tikal puscela - tuvakaja plecgadé starpvalstu tirdzniecibas Jaudu planots batiski
palielinat gan Baltijas regiona, gan starp Baltijas un Eiropas energijas tirgiem.

Pédéjo piecu gadu laika
elektroenergijas tirdznieciba
starp Baltiju un Eiropu
pieaugusi par 250%

Gan Latvija, gan visa Baltija ir salidzinodl Jotl mazas
energosistemas. Baltl)a gada elektroenergljas paterins svar-
stas ap 25 TWh, Skandinavija - ap 400 TWh, bet Elropas
Savientbas kopejals elektroenergljas patérins parsniedz
3000 TWh gada. Mazis energosistemis noteikti faktort,
tostarp elektroapgades drofums, konkurence starp rafota-
Jiem un elektroapgades lzmalksas, ir padl atkarigl no argjas
starpvalstu tirdzniecibas lespejam. Tapec AS “Angstspriegu-
ma tikls” pamata strategija, ka flgtermina nodrosinat stabilu

[EI] EMERGLIAUNPASAULE

un ekonomiskl pleejamu elektroapgadi Latvija, Ir Latvijas
elektroenergtjas tirgis integracija vienota Eiropas elektro-
energljas tirgi. Lidzigs merks ir arT Lietuvas un Igaunijas
parvades sistému operatoriem.

Lal nodro&inatu Baltijas integraciju Elropas tiklos, Balti-
Jas parvades sistému operatori pedsjos desmit gados tr kon-
selovent! Istenojudl integracijas projektus. Par integracijas
sekmigo galtu vislabak llecina tirgus darbibas raditajl. 2014.
gada Baltl)a tirdzniectbal pleejama starpsavienojumu kapa-
citite bija vidz|t ap 800 MW, turprett 2018. gada vide)a ka-
pacitate sasnledza teju 1900 MW (1. att.). Tirgus dalibnieki
aktivi izmantojul plelduvi Eiropas elektroenerfijas trgum:
2014. gada Baltyjas tirdzniectbas apjoms ar Eiropu bija ap
3,5 TWh, 2018. gadi sasnledzot jau ap 8,7 TWh (2. att.).
Tas liecina, ka gan elektroenerfijas (ztrakuma, gan par-
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paltkuma pertodos Baltijas tirgus daltbniek! plek]ast plada-
kam, diversificetakam, konkurejodakam tirgum, lal legitu
ekonomiskl pamatotikas cenas darfjumus.

Viens no svarlgakajiem elektroenergtjas trgus integracl-
Jas pakapes radrtajlem ir elektroenergjas cenu tuvinadanis
kalminu reglonos (3. att.). Ipadl kops 2016. gada, kad tlka
nodot! ekspluataclfd NordBalt un LitPol starpsavienojumi,
elektroenerpljas cenas satuvindjds gan Baltljas valstls, gan
Balttjas un Skandinavijas reglond kopuma. Vel 2014. gada
videja spot cenu starplba Latvija un Igauntja bija 12,5 EUR/
MWh, bet 2018. gada ta samazina|as vairik neka plecas rel-
Zes un sasnledza 2,3 EUR/MWh. Lidziga tendence Ir vero-
Jama ar1 cenu dinamika Balttjas un Skandinavijas tirgos. Vel
2014. gada vida)a spof cenu starpiba Latvi)a un Somija bija
14,1 EUR/MWh, 2018. gada ta samazinajas vairik neka ple-
cas relzes un sasniedza 2,6 EUR/MWh. Cenu satuvinasa-
nids lecina par augstaku konkurencl, jo cenu lzlidzinasanis
gadijuma razotaju konkurencel nelerobeo parvades tikla
lerobeojumi, ta velcinot vispareju cenu samazinafanos.

Tuvakajos gados Baltijas
starpsavienojumu jauda ar
Eiropas energosistému varétu
palielinaties vél par 50%

Patlaban Balttjal tr &etrl lidzstravas starpsavienojumil
ar Efropas energosistdmu ar summiro jaudu 2200 MW

2man

(4. att.). Tas ir Jotl daudz, nemot vera, ka Baltljas energo-
sisternas videjals patérins ir ap 2900 MW, bet zlemas mak-
simums — ap 4500 MW, Tomer Baltijas Integricljas process
wvel aktivl turpinasies lidz 2025. gadam, kad plinots pabelgt
Baltijas energosistemas pleslégany sinhronam darbam ar
kontinentalds Eiropas parvades slst®mu un reallzst dafus
cltus nozlmIgus starpsavienojumu attistihas projeldtus.

lgaunijas-Latvijas
330 kV starpsavienojums

Uz Igaunijas-Latvijas robefas tiks rekonstrustas un pa-
stiprinitas esodas divas 330 kV eleltroparvades lintjas, kas
atlet no Valmieras apakistactjas uz Tartu un Tsirgullnu
Tgaunt|a, ka art tiks izbiivats trefals savienojums — starp RI-
gas TEC-2 un Kilingl- Nemm! Igauntfa (4. att.), ka rezultata
starpvalstu elektrolintju jauda uz Igaunijas-Latvijas robezas
pleaugs par vienu trefdalu jeb aptuveni 600 MW. Sle projek-
tl ir neplecieiami, lal palielinatu esodo parvades jJaudu starp
Igauniju un Latviju, nodrodinatu Baltljas elektroenerjljas
tirgus integraciju kopeja Elropas elektroenergljas tirgd, 1z-
veldotu Jaudigakn un drofakn tranzita kortdoru caar Bal-
tijas elektroenergljas sistemam zleme|u-dienvidu virziena,
palielinatu elektroapgides drofumu Skersgriezuma starp
Igauntju un Latviju, ka arl radity nepleciefamo Infrastruk-
tiru Baltljas valstu velksmigal sinhronizictjal ar kontinen-
tilo Elropid.

ENERGIIA UN PAsULE ET I
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1. aitds. Summard tirdzniedibai piesjama jauda Baltijas arsjos starpsaviencjumos ar Eiropas elektroenendijas

tirgu (ietil pst Baltijas starpsavienojumi ar Skandindwijas walsfim un Poliju)
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2. attdls. Baltijas elektroenengijas tindzniecibas apjoms ar Eiropas valstim un Kriewiju
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LitPol savienojums
starp Lietuvu un Poliju

Patlaban starp Lietuva un Poliju
Ir Izbfiveta divkeiu maipstravas elek-
tropirvades linlja ar parvades Jaudu
1000 MW un konvertoru apakistaciju
Lietuva ar uzstidito jaudu 500 MW.
Lidz ar to L#tPol starpsavienojuma
Jandu Sobrid lespejams fzmantot 50%
apmeéra. Realizejot Baltijas sinhroni-
ziclju ar kontinentdlo Elropu, LitPol
starpsavienojumu  plinots pleslegt
tledl Lietuvas parvades sistemal bez
konvertory apakistactjas, tidejadi pa-
llelinot LitPol parvades jaudu divas
reizes - ltdz 1000 MW,

Harmony Link

Sinhrontzaclas projekta letvaros
2018. gada tika velkta dinamiskas sta-
bilitates tzpete un Baltijas valstu elek-
troenerglfas sisttmu  plevienoianas
letekmes uz kontinentilis Elropas
sistemu analize. Velkto petijumu re-
zuiltatl apllecinaja, ka Baltljas parvades
sistemas sinhronizaciju lespejams vetkt
caur esoso diviefu LitPol lintju, pa-
plldus no Polijas uz Lietuvy tzbavejot
Indzstravas kabelt. So starpsavienojumu
nolemts nosaukt par Harmomy Link
(Saskana). Lietuvas un Polijas parvades
sistemu operator! plano plenemt inves-
tictju lemumu 2020. gada un kabeli no-
dot ekspluatacya 1idz 2025, gadam.

EUR/MWh

0
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Eviedrija gz unija — i Lietuva —C omija

3. attels. MEnelu vidgjds elektroenengijas cenas Mord Poal biria
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Jauna parvades tikla
caurlaides jaudas
aprékinasanas metodika
veicinas starpvalstu
tirdzniecibu

Pamatojoties uz Elropas Komlisljas Regulas 2015/1222, kas
stajas speka 2015, gada 24. |alya (CACM - Capacity Alloca-
tion And Congestlon Management), 20, panta 2. punktu visl
t.s. Baltljas Jaudas aprekinaZanas reglona (turpmak — Baltl-
Jas JAR) parvades sistému operatorl — AS “Augstsprieguma
tikls™ (Latvija), Elering AS (Igaunija), Litgrid AB (Lletuva),
PSE S.A. (Polija), Svenska kraftndt (Zviedrlja) un Fingrid Oy
(Somija) - tzstradaja Jaunu, kopigu caurlaldes spaju aprekl-
ndfanas metodiou (httpe/wwwast.b/v/content/elropas-sa-
vientbas-testbu-aktf sadala “Tirgus kodekst”™). So metodiku
2018. gada 16. novembrl apstiprinaja visas Baltijas JAR na-
clonilas regulativas lestades (Regilatort), nosakot, ka ta sta-
sles speka 2019. gada pec triscitu reglonal i saistodu metodiku
apstiprinaanas, tostarp - Jaunas metodikas (rttp:/www.ast.
Iy/lvfcontent/citl-salstoste-dokumenty, “Parvades jaudas ap-
rekinasnas un pledlirianas metodika ar trefajam valstim”)
par caurlaides speju aprekintem ar trefgam valstim, ko Jau
Ir apstiprinajusl wisl Baltljas valsti re-
gulatorl un kas stajas speka 2019, gada
1. februar.

Jaund Baltijas JAR metodika levied
noghmigus  uzlabojumus  starpvalstu
Sleersgriezumu caurlatdes speju lelumu
apreldnasand, no ki leguveli bas tirgus
dalibniekl. Jaunajd metodika ir velktas -
valrikas batiskas zmainas salidzinaju- -
ma ar lepriekizjo metodiln.

Jauni metodika letver caurlaides
speju aprekinadanu ne tikal malgstra-
vas starpsavienojumiem starp Igauniju,
Latviju un Lietuvu, bet arl lidzstravas
starpsavienojumlem ar Somlju, Zvied-
rifu un Polju. Tada velda informac-
Ja par caurlaldes speju aprekiniianas
princlplem klast parredzamalka un sa-
protamika Baltljas un Zlemelvalstu re- *
glona tirgus dalibnieklem.

Tirdznlectbal paredzeto caurlaldes
speju aprekind malnstravas starpsavie-
nojumos starp Igauniju un Latviju, k3
arl starp Latvlju un Lletuvu valrs nav
paredzeta lesp8ja samazinat energosls-
témas izvietoto garantéto avarijas re-
zervijuapjomi sakard ar to lzmantoSanu
cltu dk#rsgriezumu (plemeram, Lietu-
vas-Baltkrievijas) minimalas, garante-
tis tirdzniectbas jaudas garantsianal
Bezultata Jaund metodika nodrodlnis
tirdznlectbal fzmantojamo caurlatdes !
spéju pallelinaumu wuz starpsaviencju-
miem no Igauntjas uz Latviji, ka arino
Latvijas uz Lietuvi.

Jaunaji metodika atbilstodl CACM

2man
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Regulas prastbam paredzata caurlaldes spsju apreldnajanas
funkeljas centralizactfa. Turpmak caurlaides speju aprekinu
visd Baltljas Jiras reglond velks t.s. “koordingto jaudas apre-
Idnatajs”, kas padarts caurlaides spaju aprekina procesu efek-
tivaki.

Jaunad metodika paredzetis starpvalstu Skersgriezumu
caurlaides spaju lielumu aprekinadanas battba ir fada (5. att):

= maksimala dkersgriezuma caurlatdes speja (Total Transfer
Capacity - TTC) starp dazadu valstu parvades trkllem tiek ap-
rekindta 330 kV parvades tiklam, levérojot kritérljus, kas ne-
pleciefam] elektroapgades drofuma nodroéinadanat;

= parvades drofuma rezerve (Transmission Rellability Mar-
gin — TRM) tlek aprekindta, analtzg)ot Jandas plasmas novir-
zes statistiku par lepriek$ejo latka perlodu dotajam $kersgrie-
zumam. Jaudas plidsmas novirze Ir starpiba starp planoto un
faktisko Jaudas plasmu star pvalstu dersgriezumam;

= Skersgriezuma neto parvades Jauda (Net Transfer Ca-
pacity - NTC) tlek apréldnita, atpemot no maksimalas
ikersgriezuma caurlaides spejas parvades droSiuma rezerves
lielumug;

= Jau pledkirta Skersgriezuma caurlaldes speja (Already
Allocated Capacity - AAC) Ir kope)a jaudas vertiba, kura fak-
tisk pleskirta tirdzniectbal pac elektroenergijas tirgus sesijas
rezultatiern;

RUSSIA- Lo

4, qitdls, Baltijas dektroenerdijas parvades fkls
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= pleejama caurlatdes speja elektroenarfas tirgum (Avail-
able Transmission Capacity — ATC) Ir caurlaldes sp#|as elek-
troenengijas tirgum dala, kas atlikusi un ir pleejama katra
tirdzntectbas intervala pec katras elektroenergijas tirdznte-
cibas sestjas. Lidestrivas savienojumiem Baltljas JAR ATC
vertiba ir vienada ar NTC un AAC starpibu, savukart main-
strivas savienojumlem ATC tiek ralinats fevarojot ne tikat
NTC un AAC, bet arl TRM un aprekinitas (prognoz2jamas)
flziskas plasmas (PPF) attleclga)d Skersgriezuma, nemot vara
elektroenerglfas tirgus sesijas rezultatus.

Maksimalas Skersgriezuma caurlatdes spejas (TTC) apre-
kinos mainstravas savienojumiem lzmanto modelédanu uz
kopeJlem tikla modeliem, leverojot BRELL loka PSO meto-
diskos noradrjumus un instrukeljas. Nemot vara energosists-
mii tehniskas Ipatnibas, Igauntjas-Latvijas robeias caurlatdes
speja clta starpa Ir atkariga arl $2dlem diviem mainigajiem
- pleejamo garanteto avarljas rezervju apjoma un apkarte)as
vides temperatiras. Zemak dota iztelksme no Baltijas JAR
caurlaldes spéju metodikas caurlaides speju (NTC) apreki-
niem Igaunijas-Latvijas robefal. Pirmals no parametriem
(maksimala Skarspriezuma caurlaldes spaja N-1 situactji,
leverojot plesjamis garant®tds avirljas rezerves) tlek pemts
vera lztetksmes krelsaja puse, savubart otrals parametrs (ar-
galsa temperatara apreldnamajam perfodam) - tiek leverots
ar “TTC,” verttbu. Talak tiek lzmantota mazaka TTC vertiba,
kas lzriet no ablem parametriem, un, no tas atnemot TRM,
tlek legiita tirgum pledkirama caurlaldes spaja NTC.

NTC = min ({((TTC, + 32 K, - P} - TRM); TTC, - TRM)
7 ~

TIE, ks pem wéra TTC N-1 st un véstibas
paidingumu d&f piesjamajam rezerstm

TIC, ks nem werd dngaisa temperatiry

Tirdznlectbas Jaudas NTC notelkiana uz Latvijas-Lietuvas
robefas, atildribd no Igaunljas-Latvijas robefas, nepastav at-
kartba no temperataras un cawrlaldes spejas tiek notetktas,
balstotles uz apreldniem un gemot vera tikal vienu papil-

du parametry — maksimalo fkersgriezuma caurlatdes spaju
N-1 sltuaclja, leverojot pleejamas garantetas avarljas rezer-
wves. 51 lemesla de] Igaunijas-Latvijas robefas caurlaldes spe-
Jas var malnities ple vienas un s padas tikla topologtjas, ge-
nerdcljas un slodzes sastava, ka arl avirljas rezervju apjoma.

NTC=(ITC + X, K- P) - TRM

TIC, kas

TTCH situaeiaiun vertbas paliings

No 2019. gada 1. februara
spéka stajas jauna metodika,
kas likvidés garantéto 200 MW
tirdzniecibas jaudu ar Krieviju

Baltljas valstu tirdznlectba ar Krieviju tiek velkta caur Lie-
tuvas-Balthrievijas robeiu. Pedgjos gados Lietuvas parvades
sistémas operators Lifgrid notelca, ka tirdznlectbal plesldrta
Jauda neviena bridi nav mazika par 200 MW, 51s garantatas
Jaudas uzturedanas de] regular blja neplecledams lerobezot
tirdzniectbas jaudas starp Baltijas valstim, 1pasi starp Igaundju
un Latvij Tapec garantetds 200 MW Jaudas nodroiinasana
ar Krieviju bija pretruniga un radija neapmierinatibu tirgus
dalibnielos.

2018, gada tris Baltfjas valsty Regulator! plenema lemimis,
ar kuru no 2019, gada 1. februgra stajas speka jaund metodika
caurlatdes sp8ju apréldniem ar tredalim valstim. Jauna meto-
dika paredz, ka uz Lietuvas-Baltkrievijas robezas vairs netils
plelietota mintmald caurlatdes spefa 200 MW apjoma, ko iz-
mantoja Litgrid, pamatojoties uz Lietuvas energosistéma tzvie-
totajam garantetajam rezervem. Minimalis caurlaides speas
nonemsana Jaus plelietot Helaku garantato rezerviu apjomu no
Lietuvas energosistémas Igaunijas- Latvijas un Latvijas-Lietu-
vas robezu caurlaides spejuaprelinos, Lielaks rezervijuapjoms
(palielinajums par 200 MW salldzinajuma ar esoso situdclju)

laus pallelinat caurlatdes sp&ju uz Latvi-
Jas-Lietuvas robefas (virziena uz Lietu-
wu) par vismaz 68 MW, ka art pallelinat
cairlatdes spafu uz Igaunijas-Latvijas

clja varttu sakt darboties 2019. gada.

:
1
1
3 M i robeias (virzlend uz Latviju) par vismaz
> vl I 68 MW gadrjumos, kad nebas tempera-
I ATC
e . ‘ tiras terobefojum.
Wi 1 1 Jaatzime, ka Jauna metodika caurlal-
o § AACR Jaudss  des speju aprakinlem ar trefajam val-
L ' Brermesyiaiens  stim darbosies Iidz Baltkrievija jaunbi-
oMW 1 : : T vejamas atornelektrostacljas palalSanal
1 1 . 1 E{E:ﬂf alsa\'-,'if:i;s Pec atomelektrostacijas palaifanas Balt-
[ 1 AACP thersgriezuma %Mlbms ;EEJa elek;ra?eﬁlﬂé.l-
[ | 1 - Jas lectbal uz Lietuvas- Baltkrievi-
e 1 1 E E ?*_ ‘ Jas robezas tiks samarzinata 11dz nullet
1 ¥ 1 * athilstodl Lietuvas lHknmdodanal. Sagal-
:r ' M i dams, ka Baltkrievijas atomelektrosta-
1

Pirms caurlaides sp&ju
pietkirtanas fazes

5. attdls, Tirdzniecibai paredzétas starps avienojuma caurlaides spejas noteikianas metode

[EL] ENERGUAUMPASAULE

Pec caurlaides spaju
pistkirianas fizes

Lidz ar to Baltlas parvades sist®mu
operatoriem kopa ar Regulatorlem sav-
latcig! Jasak darbs ple Jaunas caurlatdes
speju aprekina metodikas ar tredajam
valstim. E

2man
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Annexes 7.

Benefits of regional balancing areas
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Absmact—The European power system is transforming rapidhy
to integrate more remewables, develop flexibility and emable
consumers to play a more ceniral role, For eleciricity markets,
thiz transition means that trading needs to move closer to real
time while respecting system zecurity, As the system iz changing,
the more efficient balancing of the power system also needs to be
developed. Thiz paper provide: an amalyziz of operation of
common balancing area bazed on a case study of the Baltc
common balancing energy market model which was launched as
from 1st of January 2015, The objectives of development of the
common Baltic balancing market were to increaze balancing
efficiency, to increase availability of balancing resources and to
reduce the costs of power system balancing. Establizhing the
common Baltic balancing market required harmonization of
balancing market frameworks of the three Baltic States
including the settlement rules between market parties,
mireduction of a coordinated balance control on a regional level
and introduction of common balaneing IT platform. Thiz paper
analyses operational indicators assessing the performance of the
new balancing system, including changes in area control error,
chanze: in market liguidity and diversity, change: in balancing
costs for market participants. Paper also amalyses changes in
balancing energy price dynamics in the Baltic States, including
price volatiity and price correlation to understand how
imbalance price: could motivate balance steering of the balance
responsible parties. Propesal: for further balancing market
model development are also provided in the paper.!

Index Terms— Power system, electricity balancing, electricity
market.

I  INTRODUCTION

Work on the Baltic integration into the European
electricity balancing market started in 2009 with the approval
of the Baltic Energy Market Interconnection Plan (hereinafter
— Plan) [1]. The aim of the initiative was to provide a
comprehensive guideline for establishing Baltic cross-border
interconnections and facilitating market integration in the
Baltic Sea Region One of the main tasks listed in the Plan
was to work jeintly towards opening, liberalizing and

L This research ir funded By the Ministry af Ecomomics qf the Republic af
Lania, project “Funire-proaf development of the Larvian power fysiem in an
integrated Europe (FunweProgfl”, project No. VPP-EM-INFR4-2018/1-
0005 and has been supported By Lanvian Councl of Sciemce, project:
Mamagement and Operation of an Intelligent Power System (T-POWER) {No.
Izp-2018/1-0066)

978-1-7281-1257-2/19/$31.00 2019 IEEE

hammonizing electricity market as well as creation of a
common  balancing market and harmonized  imbalance
settlement and imbalance pricing. The Ewopean power
system,  similarly to the Baltic region faces challenges
regarding organizing processes for ensuring permanent
balance between consumption and production of electric
power in the grid system Increasing share of internuittent
generation resowrces 1s steadily growing and it requests
development of the flexibility. This transition means that
electricity markets move to the next level of development,
where trading needs to mowve closer to real time while
contimously ensuring system security. As the system is
changing, the efficient balancing of the power system also
needs to be developed. The promoter and initiator for defining
the framework 15 the Commission Regulation (EU)
2017/2195 of 23 November 2017. It lays dovwn detailed rules
for the integration of balancing energzy markets in Europe,
with the cbjectives of fostering eﬂ‘ecl:n.‘e competition, non-
discrinination, transparency and integration in electricity
balancing markets, and by doing so, enhancing the efficiency
of the Eurcpean balancing system as well as security of
supply.

This paper provides an amalysis of commen Baltic area
balancing mechanism which was developed to establish
coordinated balancing area (hereinafter - CoBA) starting from
2018. To achieve this, the TSOs established procedures for
coordinated balance control exchange of the balancing
energy, imbalance netting and balance settlement. The
objective of harmonized Baltic balancing market was to
increase the safe operation of the power system by promoting
the availability of balancing resources and reducing power
system balancing costs. Establishing the Baltic balancing
market involved hamonization of balancing market
framework and mtroduction of a commeon balancing IT
platform.

This paper analysis several indicators to  assess
performance of the new balancing system. which include
changes in area conftrol emor (quality of balance
management). changes in market Meuidity and diversity,
changes in balancing costs for market participants. This paper
also analysis changes in imbalance energy price dynamics in
the Baltic States. including price volatility and correlation.

We nse data from 2017 and 2018, a full vear with the new
model i operation. This already allows companng the
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performance between the old and the new approach allows
capturing the trends created by the introduction of Commen
Baltic Balancing market and highlight possible improvement
for the next operating periods and experience for other
regions.

O CreatmcCoBA

A Justificaton
Goal for commen Baltic balancing market is to increase
transmission system operation reliability, to foster availability
of balancing resources and to reduce costs of system
balancing. Comumnon balancing market creates competition
between balancing service providers that respectively reduces
costs of balance responsible parties.
Main objectives for Commeoen Baltic balancing market are:
* Increased reliance on local balancing resources amd
* Leveling playing field and establishing incentivizing
price signals that promote BRPs self-balancing;
* Harmomized settlement proceduwres to remove market
entry barriers;
* Improved data transparency.
The following features were introduced with Baltic CoBA:
*  Commeon balancing towards Bnssia;
+ TS0-TSO imbalance netting;
* Common centralized mFRR activation model with
shared ment order list;
* Nordic-Baltic mFRR exchange;
* Harmomzed BRP balance management model and

II. RESULTS OF ANALYSIS OF OPERATIONAL INDICATORS
From the first year there is visible significant impact on
main balancing market performance characteristics:

A Area control ervor (ACE)

Baltic's Area Control Error (heremafter - ACE) means the
Baltic’s not netted imbalance towards Russia.

Successfill cooperation models among TSOs for balance
control and imbalance netting has been in place for some time,
and one of successfil examples is Grid Control Cooperation
(GCC) between German TS5O0s [2], that has grown to pan-
Euwropean imbalance netting project involving 24 countries.
Introducing siniilar principles fo common Baltic balancing
area enables optimization of balancing effort. As each country
is not balanced separately it is possible to avoid counter-
activation by netting "Tong"” and "short” positions and as a
result there is hugher availability of mFRE reserves for
minimization of Baltic’s Area Control Error (ACE).

Advantages and challenges for imbalance npetting are
widely discussed; [3] emphasizes mmportance of TSO-TSO
seftlement to maintain financial pevfrality, thus all TSOs

The analysis of the historical data of Baltic CoBA
performance revealed that centralized balancing market
approach led to significant decrease of Baltic ACE. Average
ACE decreased by 43% from 42 MWh to 24 MWh per
imbalance settlement period (ISP) in 2018 compared to year
2017. Similarly. improved results on maintaining ACE close
to 0 MWh was observed. In 2018 ACE was within 50 MWh
range 89% of operational howrs compared to 65% in 2017.

EACE 2018

—=—ACE, 2017

Fregquency (% of hours)

=130 =100 50 o 50
Area control error [MWh)

100 150

Figure 1. Baltic Area conirol emor (ACE)

Trend of monthly acummlated ACE "Fig.2" indicates that
ACE could contimue decrease even further from gaiming
experience in choosing and ordering optimal amount of
balancing energy. Improvements in ACE forecasting will also
add to reduction of ACE.
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Fipure 2. Monthly acummlated ACE

B. Market liquidity

More active balancing of CoBA with the goal to minimize
Baltic ACE increased frequency of use of balancing energy
bids. In 2018 Baltic TSOs ordered mFRE. products in 79% of
hours, which is twice as mmch as i 2017 (36% of howrs),
"Fig.3".
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Figure 3. Share of hours with regulation

This higher demand for balancing resowrces, increased
balancing market liquidity and made it more attractive to local
generation. Therefore, amount of used balancing energy in
2018 tripled l:ompﬂed to 2017 "Fig. 4", while at the same
time share of local balancing resources stayed at the level of
66%.

2017

Sweden
1%

=

2018
Sweden
b

use of

mFRR
grew -3

times

\ﬁ—}

414 GWh

k_\(_/

147 GWh

Figure 4. Use of balancing energy

C.  Imbalance pricing

Major change is seen not only by balancing service
providers, but also for balance responsible parties —
introduction of single pricing for BFPs regardless of their
imbalance position Until 2018 settlement procedures were
country based, imbalance prices incloded country spem_ﬁc
components. Harmonization of sefflement procedure and
introduction of single imbalance price model (previously —
dual price model) led to almost full convergence of imbalance
prices in Balfic counties in 2018. Howrly imbalance prices
were equal "Fig 5" in Latvia, Estonia and Lithmania in 97% of
hours in 2018.

Ba
e
&0
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£%
"
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AT i)
Lotwe == Eyionis Lithuanis
Figure 5. Imbalance price
Imbalance price in 2018 compared to day ahead market for

Baltic countries show that 43% of howrs has igher imbalance
price than day-ahead price. In addiion to that there are
centimions periods of up to 88 howrs long with smbalance
price difference in one direction (smaller or larger) compared
to day ahead price. Long penods of price difference in one
direction may create motivation for BRPs to plan for intended
imbalance with "leng” or "short" pesition This effect should
be further menitored and to understand if it does not
create connterproductive behavior at the system level

Changes in imbalance system created more level
playing field for pan-Baltic BRPs and BSPs. Total Baltic BRP
balancing costs decreased from 19.9 MLEUR in 2017 to 15.1
MEUE in 2018. Te evaluate the impact of changes in
imbalance pricing model on pan-Baltic BEF's imbalance
costs, we simulated BRF's portfolio.

Pan-Baltic BRP was created with average howly planned
consumption 100 MWh in each country. Hourly consumption
waspmﬁ]edamurdmgtoﬁalhcmmldya@mgem&uﬂ
profile. To create omltiple scepmanos with
imbalances towards schedule actual posm:m was
randomly generated for each howr from planned wvalue
Randomization was made with normal distribution and
standard deviation of 5 MW to get on average 4% imbalance
(no leaning towards swplus or deficit). In result calculated
cost’profit from l:nmghb‘sold imbalance wvolume. Average
yearly cost/profit of imbalance MWh (300 scenarios) shown in
"Fig6”. In result iz visible that for sinmlated BRP cost
reduced significantly comparing 2017 to 2018 and that BRP
can benefit from netting its imbalances between Baltic
countries therefore reducing cost of balancing.
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Figure 6. BEP imbalance costs

D. Transparency

Transparency issue is one of the top questions in energy
market and the balancing market is not exception. The Baltic
CoBA has solved the transparency issue and created
balancing dashboard where all data is available in one place -
comumnoen Baltie data platform After the end of an imbalance
settlement period (hereinafter — ISP)all Baltic TSOs ensure
that all information regarding activation orders is completed
and publicly available on Baltic balancing market dashboard
and/or Baltic TSOs websites as well as on the central
ENTSO-E information transparency platform based on EU
regulation. Data items like the balancing prices. imbalance
volumes and BSP offers are published 1 hour after
operational hour. In addition to that, monthly balancing
reports are created by transmdssion system  operators
(hereinafter -T50s).

Until creation of CoBA dashboard mdividual country data
were stored on each TSO's web-page, balancing prices were
published only at the beginning of the next month and there
was no information (volume and price) on BSP bids in
muarket.

IV. CHALENGES N FUTURE

Despite the goed results of Baltic coordinated balanecing
area there are several challenges that lay ahead. There is still
need for more mFRE. resources and more active BSPs bid
offering as there is not always sufficient volume of offered
balancing bids available in sx-month period from February
2018 were TS0s observed that in 12% of howrs offered mFRE.
volumes was not sufficient. To improve this characteristic it is
possible to add demand response (DR) to mFRR. market [4]-

[5]. Based on above mentioned at the end of the year 2017
Baltic transmission system operators held a common public
consultation [6] on TSOs' position paper “Demand Response
through Aggregation — a Harmonized Approach in the Baltic
Region”™ [7].Key finding after public consultation were made -
stakeholders recognize the need for DR integration in all
Baltic countries. Forthermiore, stakeholders see benefits for
having a conumon demand response framework in the Baltic
electricity markets and express strong overall support and
willingness to participate in the DR market pilot studies.

Another challenges are the transition from 1h ISP to 15-
mimte ISP as well as further balancing market integration in
Eunrcpe, joining MARI mFRE. platform

V. CONCLUSIONS

Analysis of performance indicators of the Baltic balancing
system indicate clear bepefits of common balancing areas and
coordinated balance management. Market players including
balancing service providers and balance responsible parties
benefited from introduction of single price and single portfolio
model Considering that in 2018 97% of hows imbalance
prices were simular in all three Balthe States, balance
respensible parties are able to exercise imbalance netting and
substantially reduce balancing costs that are passed onto end-
users.

Analysis show that mtroduction of commen balancing area
and centralized balance management at a regional level has
improved efficiency of system balancing. reduced ACE.
improved availability of balancing resowrces and thns
improved security of supply.

The model which is presented in this paper is not vet ready
to ensure active real time balancing from BREP side, because
imbalance and balancing prices are published after real time
and that is issue which requires firther study.
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Annexes 8.

elektroener

Nakotné pieaugs
elektroapgades jaudu
nepietiekamibas risks

[AST s

KUSTIBA

Gatis Junghans, RTU asoc. prof.
AS "Augstsprieguma tikls® valdes loceklis -
Aigars Silis, AS "Augstsprieguma tikls" Elektroenergijas 1

tirgus integracijas un attistibas dalas projektu vaditajs

Baltijas valstu izstradatie nacionalie energétikas un klimata plani laikposmam lidz 2030. gadam paredz nozimigu
atjaunojamo energoresursu ipatsvara palielindjumu galapatérina. Tapéc nakamaja dekada sagaidama ievérojama
véja, saules un izkliedétas generacijas attistiba Baltijas elektroenergijas sistéma un lidz ar to pi nepiecietamiba
péc balansé3anas jaudam. 2025. gada planota Baltijas energosistémas sinhronizacija ar kontinentalas Eiropas
elektrosistému ari palielinds frekvences un balanséianas rezervju nepieciefamibu. Taja pa%a laika, apturot
nekonkuratspéjigo termoelektrostaciju darbibu, Baltija samazinas centralizétas, reguléjamas jaudas. Sadai
tendencei turpinoties, nakotna pieaugs elektroapgades jaudu nepietickamibas risks. Tapac ir svarigi apzinat
aktivitates, kas palidz 5o risku mazinat, un savlaicigi rikoties.

[EL] EMERGLA UNPASAULE 2019
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elektroenergija

Atjaunojamie

energoresursi aizstaj
fosilo energiju

Pedéjos gados Baltijas elektroener-
#ljas rafoanas strukird nav notikuas
straujas lzmainas, tomer Ir skaldri redza-
ma notiriga tendence pleaugt rafodanal
no atjfauncjamiem energoresursiem un
samazinatles razosanal no fostlajlem
ENETEOTESUTSIE.

Elektroenergllas  pateriné  padeo
gadis latka ir bijis stabils ar nelielu pleau-
guma tendencl. Padgjo plecu gadu latka
pateriné Igaunyja pleaudsis par 7%, bet
Latvlja - par 2%. Lietuvas publicetie dat1
uzrada 26% patérina pleaugumu pedejo plecu gadu latka, bet
lielaka dala no uzradita paterina pleauguma kopé 2017, gada
Ir radiisles paterina wrskaites metodikas tzmainy del, paterina
teklawjot ar Kronu HAES paterinu sikna refima.

Pedejos gados Baltya sarazotl ap 80% no pateretas elektro-
energljas; no tlem ap 60% legitl no fosila kurinama (pamata
degakmens un dabasgare), bet 40% — no atjauncjamiem ener-
goresursiem (pamata hidroeneritia un veja energtja). 2017.
un 2018, gadd elektroenergljas lstride no atjaunojamlem
energoresursiem sasnlegus! vesturiskl lelako apjomu - attie-
clgl passniedzot 10 TWh un 8 TWh

Lielakie CO, emitetaji
tiks izstumti no tirgus

Igaunijas degakmens elektrostacjam ir bijusl nozimi-
ga loma Balttjas energosistema. Padejos gados degakmens
elektrostacljas sarafojusas ap 9 — 10 TWh elektroenergljas
gada jeb aptuven! pust no kope)as generactjas Baltya. Svarl-
gl plemingt - ta ka degakmens tiek legats Izaunija, $1s valsts
elektrostactjas ir nodroéinajusas no argjlem resursu plegada-
talem neatkarigu elektroenerfljas rafodanu.

Tatu degakmens dedzindsana rada Jot! daudz izmedu, past
€0, emisljas, I1dz ar to fo elektrostactju darbibas rentabilitat

Eropas (00, emisas kvalu tena

o
]
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2. attés, (0, emisijas kvotu cena Eiropd (EURM) un elektroenergijas rafodana lgaunija
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1. aftels. Elektroenergijas rafofana un patérind Baltija

Tpaél letekme CO), emisijas kvotu cenu lzmalnas Elropas trga.
Pedejos gados degakmens elekirostaclu stabilos razodanas
apjomus pastivigl velcindja zemas un stabilas CO, emisifas
Jevotu cenas (2. att.). Tomer Jau 2019, gada sakuma CO, emist-
Jas kvotu cena parsnledra 20 EUR par tonnu un jali)a vienub-
rid sasniedza pat 29 EUR par tonnu. Rezultata elektroener-
fljas razodana degakmens elektrostactas bitiskl samazind)as.

2019. gada jalya Igaunijas naclonald energokompanija
Eesti Energla pazinoja, ka pirmo relzl uznémuma vesturs,
28. janya, astonu stundu pertoda degakmens elektrostacias
nav notlkust elektroenerfljas razosana. Vel 2019. gada jan-
varl Narvas elektrostaclju rafosana sasnledza 1900 MW pa-
terina plka stundas, turpretl jGnija generact)a svarstijas 50 -
200 MW diapazoni.

Igaunya 2019, gada pirmajos desmit meénedos sarafotas
517 GWh jeb par 41% marak neka lidziga pertoda 2018
pada. Baltt)a kopuma lidrga pertoda elektroenergijas razosa-
Nas Apjoms samazinajas par 22%.

Regiona saruk centralizétas,
reguléjamas razosanas jaudas

Padajo pleca gadu latka Baltia kopa urstadito elektrostact-
Ju razodanas Jaudu apjoms Ir bijls salidzinodt stabils un sobrid

Elekiroenergija: rabolans lgsunijh
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3. gfték. Baltia urstadita elekirostaciju jauda

parsniedz 2000 MW, kas tr aptuven! divas relzes valrak par Bal-
tijas patérina plka maksimumi Pedejo plecu gadu latka par
25% (Jeb aptuveni 1000 MW) samazinajas gazes elektrostacl)as
uzstadita jauda - to pamata 1zraisija veciko gares elektrostacl-
Ju bloku slegiana Lietuva. Savakart batiskako razodanas jaudu
pleaugumu nodrodinaja jaunu veja un Momasas elektrostactju
(ar kopejo jaudu ap 600 MW) nodosana ekspluatacya, ka art
Jaunas — 300 MW Auveres degakmens elektrostacas (Igauni-
Ja) nodosana ekspluatacyja 2015, gada (3. att.).

Sagardams, ka turpmakajos gados Baltya turpimas samazi-
naties lelo centralizeto bazes elektrostactju Jaudas — pamata
rafofanu samazinds nekonkurétspeflgle veco termoelek-
trostactju bloki Igaunya un Lietuva. Vienlatkus, lielakoties
patelcoties veja parky attistibal, sagaldams, ka kope)a uzsta-
dita razodanas Jauda Balty)a pleaugs. Nemot verd Baltifas val-
stu publicetos Nacfonala energetikas un kitmata plana projek-
tiss, kiiros aprakstitas valstu leceres salstibd ar atjaunojamas
energljas rafosanas attistibu latkposma Iidz 2030. gadam,
var secinat, ka Baltya lidz 2030. gadam no atjaunojamiem
energoresursiem sarazotds elektroenerfljas apjoms varetu
sasnlegt vismaz 13 TWh gada, kas ir par 5 TWh gada vairak
nekd 2018. gada un athilst vismaz 40% no elektroenergjas
paterina Balty. Turklat sagaidams, ka jauno rafosanas Jaudu
lielako dalu nodrosinis vaja parkl.

Turpmakajos gados pieaugs
elektroapgades jaudu
nepietiekamibas risks

Baltyjas parvades sistemu operator! regulart 1zverte Balti-
Jas valstu refiona elektroenergyjas sistemas darba drodumu
un jaudas pletiekamibu reglona. PSO sagatavo razosanas jau-
du attistibas scenartjus, kas snledz prieksstatu par to, ka turp-
makajos gados mainlsies generdcljas Jaudu un pleprasfjuma
Irdzsvars un energoapgades droduma riski.

Pec PSO novertéuma, Baltijas reglona maksimalas slodzes
segianu tehniskl bas lespglams nodrodinat ar vietéjim razo-
sanas jaudam (bez atbalsta, ko snleds elektroenergljas plega-
des pa starpsavienojumiem no kalminu energosistémam) Iidz
2020. gadam. Pec 2020. gada Baltijas valstu elektroapgades
Jaudu pletiekamiba bas atkariga no importa pa starpsavie-

I EMERGLA UNPASAULE

nojumiem no kaiminu elektroenergjas sistemam. Pika slo-
dzes segianal pleefamo Jaudu rezerve nozimigl samazinasles
pec 2025, gada, kad Baltyas parvades sistéma atvienosles no
BRELL energoststemas un uzsaks sinhronu darbu ar kontinen-
talas Eiropas elektroenergifas sistému. Savukart pec 2030. gada
Baltijas energosistemas Generdcljas un importa Jaudas vairs
nebiis pletiekamas, lal segtu plka slodzl un nodrodinatu athil-
stodu droduma liment Baltijas valstu elekiroenergfjas sistema
normala refimd, jaidu deficitam sasniedzot lidz pat 360 MW,

PSO izvetdotie feneractjas Jaudu attistthas scenaril nora-
da uz Jauny elektroenergljas un balanseianas resursu attisti-
bas nepleciesamrbu Baltyjas reglona, lal nodrodinatu elektro-
apgades droduma un kvalitates nepasliktinasanos.

Ar pverstiku Latvijas parvades sistémas operatora
2018. gada zinojumu lespéjams lepazities AS "Augstsprie-
guma tikls" majaslapd: http:/fwww.ast.lv/lv/content/parva-
des-sistemas-operatora-novertefuma-zinojumi

Nepieciesamas jaunas
balansésanas jaudas

Meprastjums pec balansesanas jasdam energosistema ple-
angs.

Pirms aptuvent 12 - 15 gadiem, kad tika teviests elek-
troenergijas tirgus, parvades sistémas operator! saskaras ar
pirmo svarstiguma pleaugumu. Elektroenergijas starpvalstu
tirdznlectbas plismas kluva nepastavigikas. Plismu virzlenu
valrs neletekme)a parvades sistemas operatorl, bet tas virznas
no zemika cenu reglona uz augstiku cenu reglonu, ki tas
notlek ar Jebkuru prect, kuras cena tiek notelkta saskana ar
tirgus principlem.

Pirms & - 8 gadiem, kad alzsakas veja wn saules elektrosta-
cljui straifa attistiba, parvades sistémas operatori saskards ar
otro svarstiguma pleadgumis Nu Jau valrakus gadis, lidz1-
g1 ka citur Elropa, arl Balti)a no Jauna ekspluatacijd nodoto
rafodanas Jaudu vida domine svarstigas veja un saules elek-
trostactjas.

Patlaban energosistémas vadiba straw)l mainas, energo-
sistéma pleaug plismu un energtjas bilances svarstigums, ir
sarezgitik prognozet sistémas stavokll, tapec palielinas ne-
pleciesamiba pec papildu balansesanas jaudam, kuras tiktu
lzmantotas energosistémas vadiba.

Turklat janem vera, ka padlalk Baltyjas elektroeneritjas par-
vades sistéma Ir Integréta apvienota)a energosistéma BRELL,
kur tikla frekvence centraltzet! tiek reguleta Krievija Sakara
ar planoto Baltyas parvades ukla parslegianu sinhrona dar-
ba ar kontinentalas Eiropas energosistemu, lidz 2025, gadam
Baltjas parvades sistemas operatortem bas Janodro$ina spe-
Ja pledalities frekvences reguledand gan normalos apstaklos,
gan Incidentu gadijuma pec liela generatora val starpvalstu
elektropirvades linfjas avirijas atslagsands. Tapéc Baltijas
PSO bas Jauztur frekvences reguleianas un balansesanas re-
zerves, kadas pareds kontinentalds Elropas sinhronas darbi-
bas Iigums. Tabuld tr wrraditl Indikativl nepleclesamo rezerv-
Ju apjomL.

Tas ir liels izalcindjums parvades sistému operatoriem, jo
Baltya vel ir jaattista pilnvertigu balanseianas rezerviu tirgu
n Jarada nepleclieiamos balansasanas resursus.
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800 MW veja parku pleslegiamu,

Javeicina patérina reakcija un agre-
gacija. Latvi)a un Baltljas reglond pate-
rina reakcljas potencials fobrid netiek
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Watuelastigaka un drosaka ar mazakam o 1ot Battas PSO nepieciesame rezenvju apjomi pécsinhronizicias ar
investicljam elektrostactas un vienlal- kontinent3iEs i - -
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kus tas sekmetu Jaunu trgus produktu
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Jaattista as tirgus. Ipail
péc 2025, gada planotas Baltljas ener- CLLEL ] L) S L) <L
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parvades sistemas operatoram bas
nepleciesamas paplldu un jauna veida MARLZIeiu 600 MW 7MW 1MW 300 MW
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ROLE OF BALANCING MARKETS IN DEALING WITH
FUTURE CHALLENGES OF SYSTEM ADEQUACY
CAUSED BY ENERGY TRANSMISSION

G. Junghans, A. Silis*, K. Marcina, K. Ertmanis

Riga Technical University
12-1 Azenes Str., Riga, LV-1010, LATVIA
*e-mail: Aigars.Silis@ast.lv

The national energy and climate plans developed by the Baltic States for the period up
to 2030 foresee a significant increase in the share of renewable energy in final consumption.
Therefore. the development of wind. solar and distributed generation in the Balfic electricity
system is expected to increase significantly in the next decade and, thus, the need for balancing
capacity will increase. The planned synchronisation of the Baltic power system with the power
system of Continental Europe in 2025 will also increase the need for frequency restoration and
balancing reserves. At the same fume, the shutdown of uncompetifive thermal power plants in
the Baltics reduces centralized generation capacity. If this trend continues. the risk of electric-
ity supply shortages will increase in the future. Therefore, it is important to identify activities
that help mitigate this risk and take timely actions.

Keywords: Baltic ACE, Balfic balancing market, Baltic powser system

1. RENEWABLE ENERGY SOURCES REPLACE THE FOSSIL ENERGY

During the years. there is a clear trend
towards increasing production from renew-
able energy sources and decreasing pro-
duction from fossil energy sources mn the
Baltic States. Duning the past vears, on
average around 40 % of the produced elec-
tricity has come from renewable sources
(mainly hydropower and wind energy),

48

while about 60 % — from fossil fuels (mainly
o1l shale and natural gas). In 2017 and 2018,
the generation of electricity from renewable
energy sources exceeded 40 % of total ge-
neration threshold for the first time, exceed-
ing 10 TWh and 8 TWh, respectively.
However. mn 2019 the share of renewable
generation exceeded 50 % for the first time.
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Fig. 1. Electricity production and consumption in the Baltic States.

Source: ENTSO-E

2. LARGEST CO, EMITTERS WILL BE PUSHED OUT OF THE MARKET

Estomian o1l shale power plants have
played an important role m the Baltic power
system. In recent years. oil shale power
plants have generated around 9-10 TWh
of electricity annually. or about half of the
total electricity output in the Balties.

01l shale combustion generates sub-
stantial CO, emussions; therefore, the prof-
ttability of the operation of these power
plants is particularly affected by the price
changes in CO, emission allowances on
the European market. Low and stable CO,
emission allowance prices have been con-
tributing to stable electricity production

European CO2 emission allowance

EURMCO2

GWh manth

at o1l shale power plants in recent vears
(Fiz. 2). However, since 2018 CO, emus-
sion allowance price has expenenced a
significant nise [1] exceeding EUR 25 [2]
per tonne_ As a result, electricity generation
at o1l shale power plants declined signifi-
cantly reaching record low 4 TWh in 2019.
Overall electricity production in the Baltics
also reached record low 58 % of demand
in 2019, while electricity generation from
renewable sources reached record high
50 % in the Baltic electricity generation mix
in 2019.

Total electricity production in Estonia
100

1000

87-17-17-18-16-18- 18- 16-10-19- 1919 19.39- 19
g Ot D Frbs Ape Juon A Oct D P Agr Jon Aug Oct Dec

Fig. 2. Price of CO, emission allowances m Europe (EUR/t) and electricity production in Estonia.

Source: EEX and Mord Pool market data
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3. CENTRALIZED, CONTROLLABLE PRODUCTION CAPACITY IS

SHRINKING IN THE REGION

During the past five vears, the total
installed capacity of power plants in the
Baltics has been relatively stable and now
exceeds 9000 MW, which 1s about twice the
peak of the Baltic consumption peak.

During the past five years, the mstalled
capacity of gas power plants has decreased
by 25 % (or about 1000 MW). mainly due

10000

1673 1678

2014 2015

2016

200 200 200
%73

1678

2017

to the closure of the oldest gas power plant
units in Lithuania [3]. The most significant
merease in production capacity was due to
commissioning of new wind [4], [5] and
biomass power plants (with a total capacity
of 600 MW), as well as commissioning of
a new 300 MW Auvere shale power plant
(Estomia) 1 2015 [6].

W Other

M Blomass

o Wind
Hydro pump storage
Hydro

W Ol shale

M Gas

2018 2018

Fig. 3. Installed power capacity m the Baltic States.

Sowrce: ENTSO-E

In 2019, the Baltic mix of mstalled
capacity consists of approximately 50 % of
fossil and 50% of renewable capacity. The
capacity of centralized power plants in the

Baltic countries 1s expected to decline in the
coming years — mainly due to uncompeti-
tive old thermal power plant units in Esto-
nia and Lathuania.

4. GROWING SHARE OF INTERMITTENT GENERATION INCREASE
DEMAND FOR BALANCING RESOURCES

Although the overall installed gene-
ration capacity 1s expected to grow m the
Baltic region, the proportion of centra-
lized. controllable generation capacity 1s
expected to decrease, while the proportion

50

of intermittent and distributed generation
15 expected to increase [7]. The biggest
mcrease 15 expected for wind generation
capacity — from approximately 1000 MW
in 2020 to 4000 MW by 2034 [8] (Fig. 4).
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Fig. 4 Forecast of installed generation capacity in the Baltics.

Source: Baltic transmission system operators

While the rismg amount of wind power
entering the electricity gnds greatly con-
tributes to the climate goals [9]. [10]. 1t also
makes the operation of the power system
systematically more complex. Wind 1s an
intermittent energy source [11] and output
fluctuations must be offset to mamtain con-
tinuous power balance m the system. There-
fore, demand for balancing resources in the

power system 1s expected to increase [12].
Analysis of data from the Baltic power
system indicates the relation between grow-
g wind generation and growing area con-
trol error ACE (Figs. 5. 6. 7). Analysis of
statistical data for peried from 2015 il
2019 suggests that mcreasing wind genera-
tion by 400 % dunng the next decade could
increase the average Baltic ACE by 50 %.

Baltic wind generation (3 months rolling average)

150
300
250

= 200

g et

= 150 | Wt
100

50

2015
2016

2017

2018
2019

Fig. 5. Baltic wind generation (3 months rolling average).

Source: Baltic transmission system operators
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Baltic wind generation share in consumption (3 months
rolling average)
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Fig. 6. Baltic wind generation share in consumption (3 months relling average).

Source: Baltic transmmssion system operators

Baltic area control error (3 months rolling average)
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Fig. 7. Baltic area control error (3 months rolling average).

Source: Baltic transmission system opeTators

5. SUPPLY OF BALANCING RESERVES DECREASES AS CONVENTIONAL,
CENTRALIZED POWER PLANTS EXIT THE MARKET

The creation of new Baltic balanc-  more active usage of balancing resources
ing market and more active power sys- [13]. more active balance control and
tem control have been implemented since  lower ACE after balance control (Table
the beginming of 2018. It has resulted ina  1). Average Baltic ACE after balance con-
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trol m 2019 was two times smaller than
i 2017 and the number of hours with
Baltic ACE after balance comtrol within

50 MWh linmt increased from 65 % m 2017
to 94 % m 2019 [14].

Table 1. Indicators of the Baltic Power Svstem Balancing Accuracy and ACE after balance contrel

Period 2019 018 2017
Average ACE, MWh 18.81 2399 41.99
Hours with Baltic ACE mside 50MWh 94 % 89 % 63 %

The oldest conventional. centralized
power plants i the Baltics have been gradu-
ally decommissioned during the past years.
However, 2019 was particularly significant
as generation decreased by 29 % in 2019
compared to 2018. Particularly, power gen-
eration from oil-shale — the largest source of
power generation in the Baltics — decreased

2018

Murmia

o | Belaru
Pradand 1%
o
26m l
Landa
EL

414 GWh

by more than a half in 2019. Since the con-
ventional thermal power plants are also a
significant source of balancing power, this
fact affects the availability of balancing
reserves in the Baltic market. Amount of
balancing energy from the Baltic balancing
reserves decreased by 1/3 1 2019 compared
to the previous vear (Fig. 8).

2019

Findand
A

396 GWh

Fig. & Ongin of used balancing energy in the Baltic market.

Source: Baltic transmission system operators

6. THE RISK OF SHORTAGE OF GENERATION CAPACITIES WILL
INCREASE IN THE COMING YEARS

According to the TSO evaluation [8]
after 2020, the adequacy of electricity sup-
ply n the Baltic States will highly depend
on mmports through mterconnections from
neighbouring power systems. The peak

load capacity will be significantly reduced
after 2025 [5]. when the Baltic transmission
system will disconnect from the unified
Russian power system and start synchro-
nous operation with the continental Europe
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power system. After 2030, however, gene-
ration and import capacities of the Baltic
power system are expected to be insuf-

adequate level of safety in the Baltic elec-
tricity system in normal operation, with a
capacity deficit of up to 360 MW.

ficient to cover peak loads and provide an
- Mormal system state
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Fig. 9. Capacity adequacy (peak load) evaluation on normal system state.

Source: Baltic transmission system operators

7. BALTIC SYNCHRONISATION WITH POWER SYSTEM OF
CONTINENTAL EUROPE WILL INCREASE DEMAND FOR

BALANCING RESERVES

Currently, the Baltic electricity trans-
mission system is integrated into the uni-
fied Russian power system BRELL. Due to
the planned Baltic desynchronisation from
the BRELL system and synchronous opera-
tion with the Continental Europe system
as from 2025, the Baltic transnussion sys-
tem operators will have to be able to par-
ticipate m frequency regulation both 1 nor-
mal conditions and m the event of a major
generator or cross-border interconnection
outage. Synchronisation with Continental
Europe grid will require changes m network

balancing routines by reacting to changes
m quicker and more automatised way by
using frequency containment reserves and
antomated frequency restoration reserves.
Desynchromisation from BRELL will
require additional balancing reserves to the
Baltic transmission system operators. Table
2 shows the indicative reserve require-
ments, which will be required by the Baltic
TS0s in accordance with the operational
guidelines of the power system of Conti-
nental Europe.
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Table 1. Indicative Feserve Requrements for Baltic TSOs after Synchromsation with the Contmental

European Power System i 2023 (MW)

Reserve type Baltic Estonia Latvia Lithmania
FCR 30 7 11 12
aFRR upward 100 32 23 45
aFRR downward 100 32 23 45
mFRF upward 600 218 148 234
mFRE downward 600 279 21 300

FCE. - frequency containment reserve
aFFR. — aufomated frequency restoration reserve
mFRE. — manual frequency restoration reserve

CONCLUSIONS

Supply of balancing reserves is expected
to decrease in the Baltic power system in
the coming years because the oldest, cen-
tralized power plants (mainly oil-shale and
natural gas) are expected to exit the market.
Rising price of CO, emission allowances
and low electricity price are important fac-
tors.

Demand of balancing reserves is
expected to mcrease m the coming vears
due to the growing share of intermittent and
distributed generation in the Baltic power
system. Quadrupling the installed wind
generation capacity during the next decade
could increase the area control emror of the
Baltic power system by 50 %.

Synchronisation of the Baltic power
system with the grid of Continental Europe

ACKNOWLEDGEMENTS

will further increase demand for balancing
reserves as Baltic TSOs will have to par-
ticipate 1n frequency control process and
ensure availability of additional frequency
containment reserves and automated/
manual frequency restoration reserves.

The Baltic power system could face
the increased risk of a shortage of genera-
tion capacities for covering peak load and
shortage of balancing capacities i the
next decade 1if the current trend of capacity
decommissioning continues without new
adequate, controllable capacities replacing
them. One of the activity that help mitigate
the nisk is implementation of the Balancing
capacity market and Capacity remuneration
mechanisms.
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Abstrace—Enersy system: are undergoing permanent and
profound changes, A powerful driving force behind these changes
15 the meed to halt chmate change that oceurs as a result of
greenhouse gas emissions, The problem can be solved by replacing
traditional power plants using fozsil fuel with renewable energy
sources (RES), However, to stop climate change, it is necessary not
only to eliminate the emissions of electricity generation, but also to
solve a more complex problem - to chiminate smizzions in other
mfraztructures, particularly in transport. This article iz devoted
to the consideration of scemarios for the development of the energy
systems of the Baltic countries. Sizuificant eapacities of RES (10
GW) and I millions of electric cars are expected to be
commissioned until 2050 year, The izsue of the regon's ability to
self-sufficiency, exportimport of energy and to reduce emissions
inte the ammosphere iz beinz mvestzated. The anaby:z is
completed on the basiz of modeling the behavior of the power
system of Baltic States taldng inte account the commections with
Sweden, Finland and Poland.

Eeywords—r bles, power imbal,
emergy consumprion, elecric vehicles

Balnc power system,

L INTRODUCTION

The evolution of mankind and the growth m the number of
the world’s inhabitants, an increase in demand for goods and
services. for energy and energy cammers, vamations in the
}n‘od'uc'tlml, distmbution and cmm.\phou of energy, the
mfluence of many random and uncertain events and processes
predetermine changes in the living environment of society. The
operaﬁngd:mnﬂiﬁmls of many critical infrastructure facilities that
provide acceptable living conditions for residents are changing.
In particular, energy systems are undergoing permanent and
profound changes. A powerful dnving force behmd these
changes is the need to halt climate change that occurs as a result
of reenhouse gas emissions. The problem can be solved by

cmg traditional power plants &‘P} using fossil fiel with
R_ES that make up most of the newly commissioned capacities
in the world [1]. In 2019, renewable energy represmted 197 %
of energy consumed in the EU-27, only 0.3 % short of the 2020
target of 20 % [2]. Another record for global solar PV additions
is anticipated for 2021, with nearly 117 GW installed — a nearly
10% rise from 2020 [3].

Solar and wind farms are enussion-free and have become
competitive in terms of return on mvestment. However, to stop
climate change. it is necessary not only to elimmate emissions

Thiz work has been supported by Lamisn Coundl of Sdemce, project
Manazement and Operation of an Intellizent Power System (T-POWEER) (o,
Lep-2018/1-0066)

Buslans Komarovs
ABB Latvia
Riga, Latvia
muslans komarovsiiabb com

of elecmncity generation, but also to solve a mare complex
problem - to eliminate emissions in other infrastructures. First of
all, m transport and heating of dwellings, which 1s possible in
case of thewr electrification. The above pmblem can only be
solved by the efforts of most countmes. The process of
electnfication of sectors of the national economy and the
construction of renewable energy sources is in full swing. For
example, the share of remewable enerzy used m Ira.uspa-rt
activities in 27 E1T countries reached 8 9% m 2019 [4].

The Baltic States are also planning sigmificant
transformations, leading to a severe decrease In alr emissions.
The goal is to create an emission-free econonyy in the region by
2030. Solving thus problem will require great investments and
the transformation of not only power plants, but also the
transmission and distribution networks. The infroduction of new
Ermuples ofmma%a]mm i normal and ency modes will

fic countries, the p transformations
are con:lphra[ed by the additional goal of synchronizing the
Baltic energy system with the energy system of contimental
Europe. At the same time. there will be desynchronization with
the Enssian and Belamisian power systems. This conversion will
cause deep changes In generation reservation, power and
frequency regulation. and emergency automation. The
upcoming transformations of the Baltic energy sector are
associated with the need to solve many complex problems, one
of which. namely, assessing the joint impact of the massive use
of renewable energy sources and a sharp increase mn the mumber
of electric vehicles (EV) on the ability of the energy system to
self-sufficiency in electncity, the need and pt:ns-sl'.'::l.].lt‘.r of its
import or export. This article is devoted to a partial solution of
the named problem This goal is achieved on the basis of
modeling the behavior of the power system of the future. To do
this, it is necessary to choose a planmng period and predict the
capacity and generation of energy sources, energy consumption,
and 1ts prices.

An extensive scientific literature is devoted to the problems
of assessing the properties of power systems of the firare [5-8],
predicting processes affecting the ﬂmctmmg of the power
system [9.10], modeling the power system and various
generators [11. 12] and consumers. Considerable attention is
also paid to the modeling of electncity consumption by EVs[13,
14].
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The soluticn of the listed tasks based on the example of the
Baltic countries and scenanios of their state m 2050 constitutes
the mam contribution of this article. The developed
methodology for modeling power systems, the tools and models
used were described in detail n our previous article [15]. The
models used, however, did not take mto account the presence of
a powerfil consumer - electric transport. In ths article, we have
focused on demonstrating the sinmlation results of scenanios for
the transition to an all-electnic vehicle.

The part of this article is organized as follows:
Section 2 describes the methodolegy, models. constramnts and
forecasting process. Section 4 deals with the case study and
results. The last sections are devoted to conclusions and
discussion.

0 METHODOLOGY AND MODELS

A Baltic power systam model

The structure of the Baltic power system (BPS) model used
in this article is given in Fig 1.

- Energy
( Fitand ) ==y

;l
', Nodeat BPS

o B e 2L e

Fig. 1. A strucmre of the modslled BPS
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The structure depicted n Fig. 1. includes the following main
objects, the list of which corresponds to existing and foreseeable
ENETgy SOUICes: storage plant (PSHFF),
hydropower plant (HPF). small HPP (sHPF), solar PP (SFF),
wind PP (WPP), storage PP (StPP); EV; combined heat PP
(CHPY; electricity demand and interconnections between Baltic
states and Finland, Poland, Sweden We assume that all the
above mentioned objects are connected to one Baltic electricity
node. We accept that the plants shareholders strive to increase
their profitability and are forced to follow the technical and legal
constraints established by the laws of the NORDPOOL [16] day-
ahead electricity market, the government and the networks. The
model under consideration covers Finland, Sweden, Poland and
the Baltic States. However, only the Baltic countries are
modeled in detail, taking into "account the specifics of major PP
and cmmmers.‘p‘odmers, heat demand and similar factors. The
other countries in the region are modeled taking mto account the
mfercommection consiraints and the projected dynamics of
electricity prices m the respective trade areas. The method and
algonithms for forecasting market prices, energy demand and PP
regimes are descrbed i our previous publications [17, 18]

Transmussion lmes capacities betwesn Baltic and
neighbouring countries (Lithuania-Poland, Lithuania-Sweden,
Estonia-Finland) are severely restricted [19] (see Fig.1.). Table
I contains generalized information on the adopted parameters of
PPs and consumers.

TABLEL MODELED ANNUAL ELECTRICITY CONSUMPTION OF BFS AMD
PLANNED IMSTALLED CAPACTIIES OF FP OF 2050 YEAR
BC* |Number| BC of SPP, |WFP,| HFP, |:HPP,| BPP, [PSHP, | Eezerve of|
TWE | of EVy, EVs, GCW | GW | GW | GW | GW | GW CHP,
mil GWh GW
3347 3 3276 7 | 1.69[0.0670578]1.625] 1.349
Bahcmmmq)m(ﬂcjlntemammdml'\-s

The model used provides for a significant mcrease m the
capacity of PSHFPP. It is envisaged as a reserve to keep the
thermal stations using natural gas in working order. However,
the generation of these stations is assumed only in cases of a
shortage of RES capacities and a lack of import opportunities.

The last colimm of Table I shows the reserved capacity of
conventional stations. We assume that gas-fired CHPs will
operate in cogeneration mode.

B. Modeling the energy demand of EVs

When meodelling the consumption of EVs, we assume the
following:

*  The total number of EVs (2 million m Baltic States) is
known. We accept that by 2030 all cars m region will be
electric.

*  We assume that the average daily mileage is known (we
take 15 km/day). The average energy consumption is
alzo knowm (0.3 kWh'km).

= Energy storage capacity of EV battenes 15 90 kWh. We
suppose that all cars will be loaded evenly overnight,
from 11 pm to 7 am. (durmg § hours).

*  We assume that at night and in 2050 the price of energy
will be lower than during business hours.

. 2 reflects the Baltic energy consumption in 2050.

Encrgy consumption, MWh u'%"

B Tatal soergy consamgriios of BPS
® Energy consumptzan of BPS {without Evs)
B Ensrgy consumgtion of EYs

Fiz. 2 BPFS 2050 modelled energy consunpdon

It can be seen from the Fig. 2 that the consumption of EVs is
about 10% of the energy consumption in the Baltics. This is a
significant quantity that affects the operation of the power
sysiem.

IMI. CASE STUDY AND RESULTS

To demonstrate the impact of electrification of transport on
the self-sufficiency of the Baltic energy system and the need to
exchange energy with neighbouring countries. we will consider

two mam cases:
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1. The power system operates without EVs.

2. To the conditions of the mode] according to the first point,
we add the energy of the car battery charge.
A I ease

Fig. 3. demonstrates the imbalance of energy production’
consumpticn of the BPS in the event when reserve stations using
natural gas are not used.
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Fig. 3. BPS 2050 energy imbalamce affer ensrgy inpom'expon procedurss
(Teserve stations are not used)

The graph shows the presence of fime intervals when the
energy balance 1s not enswred. The increase in imports is
impossible due to the limited capacity of the lines. At the same
time, there are peniods of time when excess energy 1s generated.
Su.rplus energy can be eliminated off generators.
However, the energy deficit is 0.13 Tﬁhmﬁm:%nmh frequency
of energy deficit is 4.36%. Consequently, we see the need to use
Teserve power station capacities.

Fig. 4. demonstrates the imbalance of energy production’
consumpticn of the BPS in the event when reserve stations are
used.

EPS emergy imhalanee, GWh
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Fiz. 4 BPFS 2050 energy imbalmce affer ensrgy importiexport procedures
(reserve stations are used)

Analyzng the results of Fig. 4. it can be cancluded that the
use of reserve stations reduces the energy deficit to the level of
0.009 TWh, whach 15 0.03% of the enerzy consumption The
frequency of occurrence of the energy deficit also decreased to
the level of 0.52%. The shortage of the named msigmificant
volume of energy could be eliminated. for example, by
organizational measures (increase in tariffs or bomuses for
reducing consumption. However, as will be shown below,
electrification of cars will dramatically worsen the sitiation.

B. M case
Fig. 3. presents the imbalance of energy production/
consumption of the BPS comesponding to the use of EVs.
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Fiz. 5. BPS 2030 energy imbalance affer energy export procedure (resemve
stations are notusad, 2 mil. EVs are nsed)

We show the graph comesponding to the power supply of
two million EVs. Analyzing this graph. it can be stated that the
the frequency of power deficit occurrence equals to the 65.57 %
during 2050 (when in the 1% case it is equal to 61.66%).

The graph shown in the Fig. 5 allows us to draw a conclusion
about the inability of the power system of the structure under
consideration to meet the demand for energy (without reserve
plants). Either additional generators of electricity are required
or additional stations capable of storing energy. or stronger ties
with neighboering countries.

Energy impart in BPS 2050 practically reduces the energy
d&ﬁmtupto 12.19% (Fig. 6). However, thus value of the deficat
1s not acceptable either.

Surplus

-3 Defic

BPS emergy disbalamces, GWh
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Timie, Baurs

Fig. 6. BPS 2050 enerzy imbalsnce after snergy import/export procedures
(Teserve stations are not used, 2 mil. EVs are used)

Fig. 7. presents BPS 2030 electricity imbalance, using
reserved energy.
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Fig. 7. BPS 2050 energy imbalance afier snergy import/export procedumes
(Tesarve statoms are used, 2 mil. EVs are usad)
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The energy reserve activation leaded to the electricity deficit
appearing frequency dimmishing to §.08% level, which is nmch
more than in the 1* case.

Companng the BPS energy imbalance in the 1% case with the
20 case, a rather serious problem of energy deficit arises.

IV. Drscussmons

Let us retum to the accepted mitial data and estimate the
vohume of CO; emissions into the atmosphere for 2 mul. EVs that
nm 135 km per day for all 364 days. The total annual mileage
(TAM) in this case 1s:

TAM =2000000-15-354 (1
= 10920 000 000 km/year

To determine the total CO; emissions (TE). it is necessary to
know the emissions that occur at a distance of 1 km. According
to the test results, the average CO: emissions of a diesel car
(EDC} are 152 g'km compared to an average emission of 186
g/km emitted when mumming on a petrol engme (EPE) [20], the
average CO: emissions of a diesel car are 152 g/km compared to
an average of 186 gkm. Then the sum of the anmal emissions
of CO; are as follows:

TAM 2
TE = (EDC + EPE) -——
= 1845480000000 g
= 18454801t
Ifwe assume that the cost of emussions (CE) per ton is 30 €/,
then the cost of total enussions (CTE):
CTE =TE-CE = 1845480 - 30 (3)

= 55364 400 £/year

The above sum reflects only the effect of CO, emissions;
however. the combustion products of autemobile fiuel contain
many other harmfl substances, and their accounting is beyond
the scope of this work.

V. CONCLUSIONS

1.  Solar and wind power plants are emission-free and
have become competitive in terms of retum on investment.
However, to stop climate change, it is necessary not cnly to
elminate the emissions of electricity generation, but also to
solve a more complex problem - to elimmnate emissions m other
mfrastructures. First of all, in transport, which is possible in case
of their elecmfication

2. The upcoming transformations of the Balfic energy
sector are associated with the need to sclve many complex
problems, one of which. namely, assessing the joint impact of
the massive use of renewable v sources and a
mncrease n the number of electnc vehicles on the ability of the
energy system to self-sufficiency m electneity, the need and
possibality of its import or export.

3. Electnfication of cars will worsen the Baltic power
systems capacity balancing siuation. To meet the demand for

elﬁ:lnmn 1t will be necessary: to build additional stations that
can penerate energy in the absence of sim and wind or create

new transborder transmission lines and long-term energy storage
capacities.

4. Electrification of road transport in the Baltic countries
can reduce CO2 emissions into the atmosphere by about 2 000
000 tones.
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Annexes 11.

Neapllecmatas
elektroenergijas
Izcelsmes sastavs

Aigars Silis, AS “Augstsprieguma tikls™

Datu analizes grupas vaditajs
Kalvis Ertmanis, AS "Augstsprieguma tikls”
Datu analizes grupas biznesa analitikis

Miisdienn elektroenergijas tirgns modeli nopirktajai elektroenergijai nav nekidas tieSas piesaistes
elektroenergijas izcelsmei; raZotijiem birzi iesniedzot savus genericijas piedavijumus un patérétijiem — patéripa
pieprasijumus, nav iespéjams noteikt, kidu dalu no kopéja piedavijuma patérétijs ir sapémis, mrlklit birzim nav
detalizétas informicijas par piedavitas elektroenergijas raZoianas energijas avotiem’. Attiecigi ir nepieciefams
mehinisms, ki noteikt patérétajiem piegidatis elektroenergijas izcelsmi. Athilstodi Direletivai (ES) 2018/2001
par no atjauncjamajiem energoresursiem iegiitas energijas izmantoianas veicinaianu izplatitikais mehinisms ir
elektroenergijas izcelsines apliecindjumni, kurus izsniedz izdevEjiestade. Saskand ar Elektroenergijas tirgus lilu-
mu Latvijas izcelsmes apliecindjumnu izdev&jiestade ir Latvijas elektroenergijas parvades sistémas operators AS
“Angstsprieguma tikls” (AST). AST izsniedz Eiropas energijas sertifilkicijas sistémas izcelsmes apliecinijumus
(Eurapean Energy Certificate System — EECS) saskana ar ligumu, kas noslégts starp parvades sistémas opera-
toru un Eiropas Energijas izcelsmes apliecindjumn sistemas parvalditiju, par elektroenergiju, kas razota no
atjaunigajiem energoresursiem (AER) vai augstas efeltivitites kogeneracija.

1 Enesdjjas voti i i s liel2s grupas: atjasmigie resurs), fusilie resursi un kndolresrsi, lrcel smes apliednajamy sistem i i www ib-ne, ooy si
eecs/Facts-sheets/AIB- mms{s.rs—mm[mmm|mrmmmmmmmmmmﬂnmmmmmmaﬂm TS peif

JELT] ENERGLIA UNPASAULE 20215
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Latvija tzcelsmes apliecindjumi tiek
lzsnlegtl razotd)lem par saraioto un
neto tikla nodoto elektroenergtju, un
tos neatkarigl no birza pardotas elek-
troenergijas var tirgot talak elektro-
energl)as tirgotd)iem, lal apliecinatu
pateratajlem plegadatas elektroenergl-

. PsO
I Regulators

Jas tzcelsmi. Sada papildu Informactja | 7] Cits
dod pateretajiem lespeju lzvertet un | B Formalals pleteicdjs
plenemt lemumu atttectba ux elektro- T Aktivs novérotajs

[ Novérota valsts

energljas trgotajlem ne tikal pec to
pledavata tarifa, bet arl atbilstod ple-
gadatas elektroenergljas 1zcelsmel un
tada velda snlegt savu artava koplgo
klimata nettralitites marku sasmleg-
$ana un atbalstit tos razotajus, kurl
1zmanto athilstosus energtjas avotus.

Lal patereta)s varetu apliecinat (zlie-
totas elektroenergtjas 1zcelsmi, vinam
I neplecleiams 1Zmantot vina riciba
esodos 1zcelsmes apllecindjumis. Ja
patéretdja rictbd nav lzcelsmes aplie-
cinajumy, pastav vatraki velds, ka tos
legat: sanemt tos no sava elektroenerfl)as tirgotaja par le-
prieks saskanotu cenu, legadaties no cita elektroenergljas
tirgota)a, starpnieka val art pasam lesalstitles lzcelsmes ap-
lecinajumu tirgd. 2020. gada decembr1 AST, Klastot par
Latvijas 1zcelsmes apliecinajumu tzdeve)lestadl, plevieno)jas
Elropas Enerjljas lzcelsmes apllecindjumu sistémal, kas E1-
ropas daltbvalstu vida nodrosina drodu un uzticamu lzcel-
smes apliecindjumu apmainu starp daltbvalstim, garantejot
gan korektu energl)as 1zcelsmes avotu atspogulojumu, gan
Izvalrizanos no “dubultas gramatvedi-
bas” riska, protl, ka ar val bez nolaka
Izcelsmes apliecindjumi tiek pardo-
t1 un 1zlietott divas reizes daiadiem
klientiem.

Ir batiski saprast, ka elektroenergl-
Jas 1zcelsmes apliecindjumi ir papildu
lenakumu avots elektroenerjijas raio-
tajlem, kas rafo zalo elektroenergi,
savukirt, elektroenerjijas tirgotajlem
tle Ir neatnemama sastavdala, ja velas
saviem klientlem pledavat zalas ener-
gjas produktus, bet elektroenerglas
lletotajtem tie ir riks, lal apliecinatu,
ka vinu paterata elektroenergl)a ir sa-
raiota no AER.

Sobrid tikal daias no Elropas val-
stim Ir notetkta prasiba tirgotajlem
apliecinat 100% plegadatas elektro-
energljas apjomu ar lzcelsmes aplie-
cindjumiem (full disclosure), Latvi)as
likumdosana to neprasa, ka rezaltata
veldojas neapliecinatis elektroener-
gljas apjoms, kura sastivu Ir neple-
clesams aprekinat. Neapliecinatas
elektroenergtjas lzcelsmes sastavs
raksturojams ka valstt gada patere-
tas elektroenergljas kop&)a lzcelsmes

20215

0] Tirgus operators

Eiropas lzdevajiestaZu asociacijas biedri

struktara, kas netetver patereto elektroenerglju, par kuru
tzletott 1zcelsmes apliecinajumi.

Atbilstodl Etropas Direktival (ES) 2019/944 vislem
elektroenergljas tirgotajlem saviem kllentiem jasmiedz
informaclfa produktu liment par patéretas elektroener-
gljas lzcelsmi, ki arl zipas par CO, gizes emlsl|im un
radioaktiva)lem atkritumiem, ko radyusi elektroenergjas
rafoiana, informaclju padarot pleejamu elektroenergt-
jas rekinos. 2020. gada nogale tika sperts nozimigs solis

Neapliecinatas
izcelsmes
sastavs
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Latvijas elektroenergljas 1zcelsmes apliecinasanal galapa-
teretajiem - Sabledrisko pakalpojumu regulesanas komi-
slja atjauno)a noteltkumus?®, kuros atbilstosi Direktival (ES)
20197944 paredzets, ka tirgota) elektroenergtjas 1zcelsmes
sastavu plegadatajiem produktiem var apliecinat, tikal 1z-
lietojot 1zcelsmes apllecindjumus un plelietojot neaplie-
cinatas elektroenergijas 1zcelsmes sastavu par plegadatas
elektroenergijas daudzumu, kas nav nosegta ar lzcelsmes
apliectnajumiem. lepriekieja notetku-
mu redakclja neparedzeja 1zcelsmes
apliecinasanu 100% plegadatas elek-
troenergijas apmera, Ja nav zinama tas
tzcelsme, attiecigl neuzliekot par obli-
gatu neapliecinatas elektroenergljas 1z-
celsmes sastava noradifany, jo Latvija
neblja notelkta Institiclja, kas velktu
oftciilu neapliecinatds elektroenergljas
tzcelsmes sastava aprekinu. Pec grozl-
Jumilem Elektroenergyas tirgus likuma
AST tika nominets ka atbildiga instita-
clja par Latvijas neapliecinatas elektro-
energljas lzcelsmes sastava aprekinu,
kam Ir Janotiek saskana ar 1zstradato
metodiki, kura ir publiskl pleejama
AST majaslapa.

15,184

391,47

Latvijas neapliecinatas
elektroenergijas sastavs

2020. gada Latvia tikal par 5,8% no kopuma pardotas
elektroenergt)as ir izlletot! 1zcelsmes apliecinajumi jeb tieél
apliecinats, ka enerjlja ir rafota no atjaunigajlem energo-
resdrsiem val augstas efektivitates kogeneracljas procesa.
NMemot verd pagaldim zemo tirgotdju aktivitatl, batisku
lomu galalletotaju informetiba par 1zlietotas elektroener-
#1)as 1zcelsmi spele neapliecinatas elektroenergljas sastavs.

AST velc neapliecinatas elektroenergtjas 1zcelsmes sasta-
va apreking lide 30. jantjam, un 2021. gada tika legati pirmie
rezultatl. 2020. gada neapliecinatis elektroenergtjas lzcelsmes
sastavu batiskl letekmeja ar iznemtie, bet vl derfgumu nezau-
deuite naclonalie 1zcelsmes apliectnajumi, kerus Iidz 2020. gada

€O, izmei, gCO,/kWh

1. decembrim 1zdeva Ekonomikas ministrija, tadepadl samazi-
not atjaunlgo resursu proporclju, kas attiecigl 2021. gada sasta-
va darbostes preta)l, naclonalajlem elektroenergtjas Lacelsmes
apliecndjumiem raudejot derigumu. AST neapliecinatas elek-
troenerglas tzcelsmes sastava un tam athilstoéo vides indikato-
rit aprekina rezultat! 2020. gadam redzami tabulas.

AST neapliecindtis elektroenergijas izcelsmes sastiva
aprékinn veic sadarbibd ar Eiropas IzdevEjiestazu asocifcnu

Neapliecinatas elektroenergijas

izcelsmes sastavs

Atjauniga energija (%) Fosila energija (%) Kodolenergija (9)

66,763 18,053

Neapliecinatas elektroenergijas

vides indikatori
Radioaktivie atkritumi, mg/kWh
0,65

(Association of Lsuing Bodies — AIB)), izmantojot uz izdoto
apjorm bazéto neapliecindtds elektroenergijas izcelsmes sa-
stiva aprekina metodi, kas irstradita ATB un parpemta AST
izstraditajd un publicétaja aprékna metodika.

Neapliecinatas elektroenergijas
izcelsmes sastava aprekina gaita

Aprekina galta Latvyjas neapliecinatas elektroener-
guas 1zcelsmes sastava letverta gan Latvijas generlclja,
par kuru nav 1zsnlegt! lzcelsmes apliecinajumi, ka art
elektroenergljas 1zcelsmes sastavs no treso valstu 1m-
porta (fiziskas plasmas) un Elropas neapliecinatas elek-
troenergl)as 1zcelsmes sastavs, kas 1zriet no dalibvalsty
generdcljas, par kurd nav zsnlegtl zcelsmes apliecing-

EU sastavs NEIS aprékinam
Patérins ar ties|
Latvijas fenardclia e —— nuplil:I:itu izcalsmi
lzdotie un derigumu  NEIS aprékinam
nezaudgjulie IA w»

2 Woteicumi par informady i
vestnesis wop00/236.23
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Juml, un patérina ar neapliecinty 1zcelsmi. Gala neap-
lecinatas elektroenergljas sastavs batiskl atikiras no tira
valsts generactjas sastava (Latvi)a genereta elektroenergl-
Ja pec generactjas veldiem), un attlecigl, ta ka 1zcelsmes
apliecinajumu tirgus, tapat ka elektroenergtjas tirgus, ir
starptautisks, neplecleama koordineta kopeja Elropas
deficita / parpalikuma groza 1zvelde, ko nodrodina AIB.
Daltbvalstim, kuru patériné ar tiesu neapliecinatu 1z-
celsmi ir mazaks par generetas elektroenergljas apjomu,
par ko nav lzdotl 1zcelsmes apliecinajumi, parpalikumu
norada parpalikumu grozd, bet dalibvalstim, kuram ir
deficits, to sedz no 31 groza.

Latvija 2020. gada gandriz pusl no neapliecinatas elek-
troenergljas lzcelsmes sastava sastida Eiropas Savientbas
kope)a groza sastavs. Papildus neapliecinatas elektroener-
gljas lzcelsmes sastdvam notelktl to raksturojodle vides
parametrt: CO, lzmeéu apjoms un radicaktivie atkritumi.

Meofictalu neapliecinatas elektroenergtjas 1zcelsmes sasta-
va aprekinu un publicesanu visam Flropas valstim velc AIB,
balstottes uz Enrostat datiem. Vatrakas valstis pasas nenosaka
neapliecinitas elektroenerjjas 1zcelsmes sastavu un par ofi-
ctilo verttbu plenem AIB aprekina rezultatu, bet daltbvalstim,
kas padas velc aprekinus, var bat noverajamas minimalas at-
ikirthas, kas skaldrojams ar dazadu datu avotu lzmantosani.

Latvija uz paréjo dalibvalstu fona

Latvijal Etropas Savientbas dalibvalstu vida, ka redzams
pec AIB apkopojuma, ir samera liels pateretas elektroener-
g1jas apjoms, kura tzcelsmes apliecinasanal nav lzmantot!
lzcelsmes apliecindjuml. Tadas valstis ka Austrija, Svelce
un Niderlande ir 1zplatita 1zcelsmes apliecindjumu lzman-
tosana, tapec ka ta)as notetktas “full disclosure™ prastbas,
bet art Ir1)a un Luksemburga, neskatoties uz fadu prasibu

2005

TS e meapliacha cam

neesamiba, aktivi tiek 1zmantot! 1zcelsmes apliecinajumi.

Tapat redzams, ka starp daltbvalstim ir arf samera
liels skaits valstu, kurds, tapat ka Latvi)a, ar 1zcelsmes ap-
llecinajumiem nosegta patérina apjoms neparsniedz 10
procentu. Apskatot kaiminvalstls Igauniju un Lietuvu,
redzams, ka Lietuva aktivi tiek 1zmantott 1zcelsmes aplie-
cinajuml (tikal ~ 40% no patéripa nav nosegtl), bet Igau-
nij2 nav noverojama tik aktiva tendence (nedaudz virs
10% patérina Ir nosegtl ar 1zcelsmes apliecindjumiem).
Japiebilst, ka $obrid Latviju ar paréjam daltbvalstim ne-
var objektivi salidzinat, jo EECS 1zcelsmes apliecindjumu
sistema dalibniekiem 1ir pleejama tikal no 2020. gada 1.
decembra, ki arf tirgotajlem plemerojamie notelkuml, kas
skara 1zcelsmes apllecinajumu letojumis, tika aktualizet
tikal 2020. gada belgas.

Tendence ir pozitiva

2021. gada pirmie tris ceturksni |au) secinat, ka tirgota-
Ju aktivitate 1zcelsmes apllecindjumu 1zlletoSana i augsta,
kas llecina, ka plenemtals lemums klat par Etropas lzde-
vilestaiu asoctacljas bledru byjls talredzigs un paretzs, Jo
starptautiskl vienotl, caurspldigl un visam pusém skatdri
speles notetkumi kopa ar AST tzveldoto 1zcelsmes apliect-
najumi parvaldibas modelt vetdo labu sinergtys.

Balstoties uz AIB bledru pleredzl, kas leklau) vairak
nekd 30 Eiropas valstis, var secinat, ka, palielinotles elek-
troenergijas pateretaju informetibas lmentm par lespejam
un tlestbam tegat parskatamu un viegll uztveramu infor-
maclju par elektroenergijas tirgotyja produktu 1zcelsmes
sastavu, ka art kopejo tirgotaja pregadatas elektroenergtjas
tzcelsmes sastavu, patéreta)s spe) izdarit pareizu tzvell, ta-
dejadi sekmejot videl draudzigaku elektroenergljas pro-
duktu paradisanos elektroenergijas tirga. B3
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Annexes 12.

Vienota elastibas platforma -

INTERRFACE

/ INTERRFACE -

Projekts ir sanemis finansejumu no Eiropas Savienibas
peétniecibas un inovaciju programmas “Apvarsnis 20207
saskand ar granta igumu Nr. 824330

Aigars Silis, AS "Augstsprieguma tikls” Datu analizes grupas vaditajs
Ivars Zikmanis, AS “Augstsprieguma tikls” Datu analizes grupas biznesa analitikis

Nakotnes energ i iek3a. Virzoties uz Eiropas Savienibas mérkiem ar Eiropas zala kursa un Tiras
energijas pnl(mes palidzibu, 'aek leverolaml ietekméta ar energetlkas ]oma Elropas zala kursa mérkis ir lidz 2050. gadam

gt Eiropas ki

itralitati, kas nozimé&tu, ka vairakums s

3 veidosies no atjaunigajiem

energoresurslem Savukart, Tirds energijas pakete izce| nepiecietamibu nodroginat elektroenergijas galalietotaju dalibu

elektroenergijas tirgos, tostarp energijas balansatanas tirgos.

Parmainu posma vidd ir gan energosistdma, gan tas elektroenergijas parvades un sadales sistémas operatori, kuri ir
atbildigi par nepartrauktu un kvalitativu elektroenengijas plismu sistéma. Gaidamas parmainas ir jauns izaicinajums sistémas

operatoriem ikdienas darba, ka

Itata ir radusi -

levads

INTERRFACE!' (TS0-DSO-Consumer INTERFACE aRc-
hitecture to provide innovative Grid Services for an efficient
power system) Ir atbalsta programmas “Apvarsnis 20207
projekts, kura letvaros tiek veldots risinajums, balstotles uz
tzalcinajumiem, kas sagalda Elropas slstémas operatorus,
lat atbalstitu tos thdienas darba energosistemas ar aupstu
1zkliedeto atjaunigo energoresursu Ipatsvara un vienlatkus
velcinaty Jauno galalietotaju potenciala efekttvu lzmantosanu
sistémas stabilas darbibas nodroéimasana.

h P, p——

[E[5] EMERGLIA UN PASAULE

péc atbalsta risindjuma.

Latviju INTERRFACE parstav AS “Augstsprieguma tikls™
un Rigas Tehniska universitate, kas ar partneriem no Igauntjas
un Somijas projekta tetvaros veldo koplgu Baltyas un Somijas
reglona darba grupu. Baltfjas un Somijas regions zstrada risi-
najumu “Vienota elastibas platforma™ (VEP) ar regtonalt har-
monizétu procesu kopu, la atvieglotu galalietota)a elektroener-
ghas lekartu potenciala 1Izmantodanu sistemas vajadzibam gan
sistémas operatortem, gan galalietotaja tekartu parvalditajam.

1. Elastibas platforma

Elastibas platforma ir specifiska sistémas programmatira,
kas paredzeta darbibal ar elastibas resursiem. Taja elasttbas

20216
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resirss Ir elektroenergi)as patérina, rafo-
$anas un uzkrifanas lekarta val to kopa,
kuras darbibas grafiku tiesl val ar citas
sistemas starpniectbu var mainit peéc ne-
plecieiamibas.

Elastibas platformas funkcionalita-
te galvenokart leklau) elastthas resursu
parbaudl un koordinatuy tzmanto$anu
starp slstémas parvades un sadales ope-
ratoriem, nodrodina nepleciesamo datu
apmainu starp elastibas resurstem un
elastthas platformu, ka arl velc salsti-
tas informactjas apstradl. VEP Ir elasti-
bas platforma, un tas galvenle darbibas
procesl ir apkopot! 202 nodald, un to
kopskats aplakofams pirmaja attela.

1.1. Pamata
informacijas ievade

Pirms Jebkadu VEP apstrades procesu sakSanas Ir ne-
plecleama plrmrelz#)d Informaclja no elastibas platformas

galvenajlem lietotajiem: elektroenergljas sistemas operatora,
tirgus operatora un elastibas pakalpojuma sniedzeja.

VEP galvenie darbibas procesi

Katram VEP lietotajam tiek 1zveldots VEP konts atbilstos)
ta darbibas lomal: sistémas operators, tirgus operators val
elastibas pakalpojuma snledzes. Balstoties uz letotajam de-
finéto lomu, elasttbas platformas vietng (skat. 2. attelu) tiek
atspogulota tikat lomal paredzeta specifiska informaci)a, tat
skaita terobezojot platformas masinas-masinas sakaru ko-
muntkactjas kanalus atbilstod! lomas nosacyjumiem.

Elektroeneriljas sistémas operatoru letotaju skalts VEP
nav lerobefots, un letota)l tiek sadalitl starp parvades un sa-
dales sistemas operatoriem atkartha no ta, ple kura sistémas

R )

INTERRFACE

(2. att.)

VEP lietat3ju pieslegsanas ekrins?
T 2020 INTERRFACE projekt IEG5A péatforma: http:/ e intarface auf

2006

ASilis |. Zikmanis

operatora lletota)s ir pleslegts. Sistemas operatort VEP sniedz
informactju par sava elektrotrkli, kas tetver tikla elementis
un to starpsavienojumus, ki arl par katra tikla elementa
elektroenergtjas plasmas lerobezojumiem. lzmantojot $o
informactju, VEP velc tikla kvalifikacijas procesu saskana
ar 1.2. apakinodalu, kas nodroina ko-
ordingty elastibas resursu lzmantosany
starp vatraklem sistémas operatoriem.

Tirgus operatoru letotaju skalts
VEP nav lerobezots, un tlem atikirtba
no sistémas operatoriem nav nekada
papildu tedalljuma. Tirgus operatort
VEP var definet savus tirgus produktus, noradot vertibas
vistem produkta batiskajiem tehniskajlem parametriem.
VEP §o informaclju lzmanto, lal velktu produkta kvalifika-
cljas procesu (1.2. apakénodala) un Informétu VEP elastthas
pakalpojuma sniedzejus par tiem plegjamo produktu klastu.

Ar elastibas pakalpojuma snledzeju skaits VEP nav le-
robezots, un tlem nav nekadu specifisku lomu tedalyuma.
Elastibas pakalpojuma sniedzéjs caur VEP vetdo savu elas-
tihas resursu portfell, kas sastav no individualiem resursiem
un resursi grupam. VEP 1zmanto sniegto resursu un resir-
su grupu Informiclju elasttbas resursu kvalifikactjas (1.2,
apakénodala), tirgus solyumu kvalifikacyas (1.3, apakino-
dala) un norekinu procesa (1.4. apakinodala).

Elastibas pakalpojuma sniedzejam, radot savu elastibas re-
sursu portfell VER, vispirms izveldo virtualu individualo elas-
tibas resursy, fiksgjot visas pleprasitds detalas par konkreto
elastibas resursi. Obligat noradama informactja i salstita ar
elastibas resursa elektroenergtjas tehniskajlem parametriem un
plesleguma punkiu elekirotikla, un ta ir jasniedz, lal VEP spetu
velkt nepleclesamos datu apstrades procesus. Pec individualu
elastibas resursu 1zveldes VEP portfell elastibas pakalpojuma
sniedzejs VEP saskarné var atlasit tzvetdotos individualos elas-
tibas resirsis un apvienot tos resursu grupl. Resursu grupu
tzvelde Ir neplecle$ama, jo VEP athalsta mazjaudigus elastibas
restrsus, kas iIndividuall var neatbilst tirgus produktu prastbam,
bet grupet! to potencials krietnl pleaug.

Sanemot mingto Informactju, VEP It visl neplecie$amie
dati, la1 veiktu kvalifikacljas procesus, kas aprakstitl naka-
ma)a apakinodala.

1. att.)
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Tikla
infermacia

Pec parbaudes procesa elasttbas pa-
kalpojuma snledza)s tiek Informeéts par
konkretd resursa un resursu grupas kva-
Ifikactjas rezultatu Ja resurss val resur-
su grupa rada parslodzt tkla, 5o resursu
lzmantosana trga tiek lerobetota un te-

(3. att.)

Resursy
kvalifikacija
>l

Resursy
reglstracla |

Resursy

kwalifikacija

fesursu
foval, ragultati

Resursy
kval. rezuftati
”

»~

Tikla kvalifikacia®

1.2. Elastibas resursu kvalifikacija

Elastibas resursu kvalifikactia ir VEP parbaudes procesu kopa,
kas satur tikla un produkta kvalifikacas procesus. Tikla un pro-
dukta kvalifikactjas procest nav satstit, bet tie bled) notiek secigl

Tikla kvalifikacijas letvaros VEP pirbauda ta saskarne Lz-
veldoto elastibas resursu un resursu grupu teoretiskl radio
noslodzt uz elektroenerfljas sistemas operatora elektrottkl.
VEP izmanto elastihas resursa tehniskaja specifikacy)a snlegto
informacju un, balstoties uz noradito plesleguma punktu, to le-
vleto attlecipa sistémas operatora elektrotikla struktfird. Talak ar
Izstradata algoritma palidzaibu VEP simule elastibas resursa ra-
dito nosloda uz parejo tikla dalu, kas var letekmet pat vatrakus
sistémas operatoru elektrotiklus, Parbau-
des merkis ir neradit parslodzes tikla, kas
tiek panakts, nemot vera visus letekmétos
slstémas operatoru elektrotiklus, tade)adi
nodrodinot koordingtu elastibas resursu
lzmantosani.

Tikla kvalifikactjas process Ir atspogu-
lots tresa)a atteld. Kvalifikacyas procesa
velksanal Ir nepleciesami divi informacl-
Jas bloki: elektrotikla un elastibas resur-
st Informactja. Elektrotikla informaciju
snledz parvades sistémas operators

L gatd informactja tiek pemta vera tirgus
infarmiciia "
solyjumu kvalifikactjas latka (1.3. apaks-

nodala).
Prodikta kvalifikactas letvaros VEP
parbauda saskarne izveldoto resursu gru-

pu teoretisko athilsttbu tirgus operatora
definatajiem produktiem. VEP $o proce-
st velc, Lzmantojot resursy grupas tehnis-
kaja specifikactd noradito informactju,
un salidzina to ar tirgus operatora de-
fineto produktu tehniskaam prastbam.
Procesa belgu posma VEP konkretal re-
sursu grupal snieds produkta kvalifikact-
Jas izvertejumu un 1zce] resursu grupas tehniskos parametrus,
kas neatbilst produktd defingtajam vertibam. Péc VEP produkta
kvalifikacyjas procesa tirgus operators caur VEP saskarni var
parskatit parbaudes rezultatus un nepleclelamibas gadyuma
velkt paplldu parbaudes arpus VEP vides pirms resursu grupas
athilstibas VEP vide apstiprinaganas.

Produkta kvalifikaclias process Ir atspogulots ceturtaja
attela. Lal velktu produkta kvalifikacijas procesu, tirgus ope-
ratoram (attela: TO) VEP ir jadefine savs tirgus produkts un
pec tam elastibas pakalpojuma snledze)s, 1zmantojot elas-
tihas registr, var pleteikt sava resursu grupas produkta
kvalifikaclju. Attela ar raustity Iingju ir attelots praktiskas
elastibas resursu parbaudes process, ko tirgus operators velc
pec nepleclesamibas arpus VEP vides. Process nosledzas
ar produkta kvalifikactjas rezultatu, kad galalemumu ple

(4. att.)
EPS ER O

Produkta
parametri

Produkta
kvalifikacija

Produkta
athilstiba

Frodukta
athilstibas

(attela: PSO) un sadales sistemas Resursy rezultats
operators (atteli: S50, un S0 Informactjis aktivizacijas [
abi sistemas operator! nodod parvades parbaude Produkta aktivizicijas parbavde
un sadales koordinacijas modulim (atte-
la: P-S kord.). Otru Informacyas dalu par ity I [
Parbaud i Sti
elastihas resursiem legfist no elastibas pa- :!:l:ass Parbaudes rezultati F‘"‘“*I"_““
kalpojuma smiedzeja (attela: EPS), un $o o : " i:;;;:::a
3 Produkta Produkta
Eﬂoﬂ;‘gs?;ﬁ?r‘fﬁl aslmgLstr;.re: kvalfikaeliss | kualifkicijas
; parva rezultats rezultats
un sadales koordinacjas modulim tikla e l#
kovalifikactjas procesam. - :
Produkta kvalifikicija®
T 42020 INTERRFACE projekts; 032 Defnition of new / changing requiremants for Market
Desiqns: gl o i ications INTERRFACE_D3.2_v1.056F
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solijums

Solijuma
lovalifika cija

Salijuma
kvalifikicija

(5. att.)

Tikla
infarmacija

Tikla

informacija I
. i

Soljumu
keval. rezultati

Soljumu
kval. rezultati

Zofjurma
tikla noslodzes
parbaude

Optimizéts |
solijumu
saraksts

-+ -+

Tirgus selijumu kvalifikacija®

nem tirgus operators un elastibas pakalpojuma sniedzejs
par to tiek informets caur VEP elastibas registra saskarnl.

Elasttbas resursu kvalifikacijas process nosledzas, kad ir
velkts elastibas resursu tikla un produkta kvalifikactjas pro-
cess. Process var tikt atkartots, malnotles sistémas operatora
elektrotikla Informacjal, tirgus operatora produkta prasi-
bam un elastibas resursu tehniskajal informactjal. Tadaadt
tiek nodroinats, ka energosistéma pleejamie elastibas resur-
sl var tikt Izmantotl athilstodl, neradot parslodzes sistema.

1.3.Tirgus solijumu kvalifikacija

Tirgus solipumu kvalifikacta ir otrrelza)s elastthas resursu kva-
Iifikactjas process, un tas tek vetkts 1s1 pirms elastthas resursu
dalibas konkrata tirgi. Tadejadi procesam Ir pleejlama Jaunaka
elektrotikla Informacijas prognoze no sistémas operatoriem, un
velkta tikla noslodres parbaude ir athilstosaka realajal situsctjal
tikla. Procesa merkis ir ne tikal vetkt kvalitativis tinge pledavato
elastibas resursu tikla noslodzes parbaudi, bet art kzvertet dazidu
elastibas resursu mijledarbiby attlectha wz tikla noslodz1. Tatad
atskiriba no leprieks velkta kvalifikictjas procesa $a)a procesa tlek
legfits prectzaks tkla noslodzes Lzvert8jums ar atjaunindtu elek-
trotikla informactju un pleejamo resursu miledarbibu.

VEP tirgus solyjumu kvalifikacijas procesu velc tirga sa-
nemtiem elastibas pakalpojuma snledze)a resursu solfjumiem,
kurus tirgus operators Ir apkopo)ls savam tirgum notetkta
latka intervala un nosatyls wz VEP vidl Pec informactjas
sanemsanas VEP velc tirgus soljjumu kvalifikacas procesu
tikal tiem elastibas resursiem, kurt leprieks ir zgajusi elastibas
resursu kvalifikactjas procesus (apakénodala 1.2.) un sapemusi
apstiprindjumu par dalibu konkreta tirga. Parbaudes procesa
galta katrs atseviskals tirgus solfjums tiek skatits individuall
pec radnas tikla noslodzes caur tikla kvalifikacyjas procesu, un
pec tam visl sapemtie solijumi tiek izvertett kopigl, tada veida
nosakot atsevisko soljumu elastibas resursu mijledarbibu uz
tikla noslodzl.

4 {20 INTERRFACE projeles D3 2. Definition of new. changing requirements for Market
Designs: bt inteerface musites/d icationsIRTERRFACE_D3.2_v1.0Lpdf
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Kopejals process aplakojams plektaja attela, kur galvenie par-
baudes procest notiek parvades un sadales knordinactjas modu-
It “soltjumu tikla noslodzes parbandes™ un “optimizéta solfjumu
saraksta” procesu letvaros. VEP velkta)a procesa tlek sastadits
optimizets solljumu saraksts, leklaujot visus tirga lesnlegtos
solfjumus, kas nerada ttkla parslodzes un var tikt lzmantot! at-

tlecigaja tirga.
1.4. Pakalpojumu norékini

Pakalpojuma norekina process ir VEP nosledzodals posms,
kas morit pec elastthas pakalpojuma snledz@)a tirgus solfj-
ma izptldes. Solyjuma 1zpilde nozime, ka konkretals tirgus
pledavajums tika nopirkts tirgd, bet elastibas pakalpojuma
snledzejam ir janodroéina nopirkta solljuma wpilde. VEP pa-
kalpojuma norekina procesa merkls ir notetkt solljuma tzpil-
des apjomu un tzvertat zpildes precizitat, salidzinot ar tirga
legadato apjomu.

Lal tzpildity $o procesu, VEP nepleciesama Informictja par
trgus soljuma Lzpilde Betoto elastibas resursu plinoto patérinu
un elektroenergifas skaltitdju uzskaltito patérina apjomu. Starpl-
ba starp planoto un uzskaltito elektroenergtjas patérinu ir trgus
solfjuma lzpildes apjoms, kas tiek salidzinats ar tirga legadato
apjomu, nosakot plegades precizitat,

VEP pakalpojuma norékina process ir vel agrina izstrades
stadija, un to paredzats papildinat ar vairakiem apaksprocesiem
INTERRFACE projekta darbibas latka.

2. Nakamie soli

Baltijas un Somijas regtons 81 gada laika ir velas VEP pirmas
versijas darbibas parbaud, identificejor neplecie$amos esodo
funkctju pilnveldojumus, ka an jaunu papildu funkoju vayadzibu
Sobrid reglona wrdevums Ir attistit VEP risindjuma identificetos
uzlabojumus, virzoties wz VEP otras verstjas ilaidumu. Otraja
VEP verstja ir paredzets leverojam! paplasinats pleejamo funkctju
Klasts, kuru Balttjas un Somijas reflona parstav)! parbaudss un
atkartot! uzlabos, lal lide INTERRFACE projekta noslégumam
attstity pilnvertigu VEP risinajuma prototipu. BT
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Annexes 13.

| Reserve power estimation according to the Baltic
power system 2050 development plan
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Absrace— Development plans in energy sector of European
countries assume modifications almost in all fields of energy
systems. Global uze of renewable energy sources is expected to
complete primary purpoze of energy sector development plan -
reduction of greemhouze gas emimion inte the atmozphere
Towards that goal, national emergy development plans intend
implement huge number of renewable energy sources and fo
reduce capacity or shut down fossil fuel power plants. However,
resalis of last action are mot well researched. For timely reaction
‘to avoid any accident in the foture, there is need comprehensive
assessment of mentioned power plants impact om power system
in long-term perzpective. Reazonablenes:z of conventional
power plantx in energy systems of the Balfic countries in 2050 is
foecused in this article.

Keywords—power balance, Baltic power Systert, DOwsr reserve

I. INTRCDUCTION

Eey challenge for contemporary world 1= to stop the
climate change

Dissemamation of renewzble ensrgy sources (EES) seems
to be the best solution to the problem. EES distribution is in
fill swing . For instance, tha share of EES m Furopean Union
(ELT) in energy consumption mersased costinucusly from
9.6% to 19% from 2004 to 2019 [1].

The Baltic states was not an exception - powar ganaration
and consumption have fimdamental changes. In last decada,
there has been a rapid development of RES, in their m=talled
capacity and encapsulation Dbo power systems [2].

Several new RES projects have already been implemented
in each Baltie coumtry [3], [4]: 0 MW Forhmm Tartn Raad:
solar power plant (Estonia, 2019); 138 MW Tootsi wind farm

201%); 910.7 MW wind power plants [Eshuma,
2019-2025); 3.56 LW Péinw Power Plant (Estonia, 2020); 11
WOW Lizoms Power Cogeneration Station (Latvia, 2017); 73.5
WOV Pagégiai 13 largest wind park m the Baltic States
{Lithmama, 2016) ate. Furthermore, ssvaral ranewable enerzy
and fransmission network development projects are planmed:
Estoma and Latvia’s 1 GW Gulf of Riga offehore wind fam;
an experimental floating photovoltaic (V) power plant (PP)
project at Krmoms pomped storage hydropowsr plant
reservolr; reconstruction of two of the exsting Latvian-
Estoman mferconmections; the capacity chanze of the LitPal
LithuaniaPoland direct current mferconnection (from 700
WO to 1000 ROWT): 2 new mterconnestion between Lithuaniz

and Poland (the Harmony Link project); 2 new 500 MW
pumped storags hydropower plant (PSHP) in Estonia; 7 MW

solar PP (SPP) projact in Estoniz, ete. Moreover, it 15 planned
to shutdown several PPs operating with fossil fuel. All these
projects are emvizaged to achieve national targets for the
period up to 2030 [3].
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Institnate of Power I.nmim ufPowu
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Ensuring the sustamability of the system and raducing
Ereenhonsze gas smissions require sismificant changes m the
struchare ufeuerg systems, warranting an acceptabls balance
betwaen enerzy pcrndul:hm and consumption, and m parallal
providing power sy stem stability [6].

Balancing 1s troubled by the varizbility of wind and solar
Eenerztion capacity. There are periods of time when the RES
Eenerztion come closa to zeto. Backup (rasarve) power plants
can be maintainad o deal with pozzible power outages.

Thas article i= devoted to the problem of forscasting and
analyzing the fitture role and needs of the Baltic Power System
Resarve Generation. The forscast methodology and results
constitute the mam contribution of the article.

The rast of the arficls 1z organized as follows: Saction 2 is
devoted to the methodology and medels. Descniption of case
study and astimafion of mminiraal POWET reserve maintanance
are obzerved m Section 3. The last section iz devoted to
conclusions.

II. METHODOLOGY AND MODELS

A Mbodslling plagfoem
For comprehensive assessment of Baltic powar system
{BPS} Enargj balance there 1= nead m a list of mathematical
=. Droppad flowchart in Figure 1 reflects the structure
ofrequ'l.red models for analysmz BPS ensrgy balance

Az can be seen from the Figure 1 two differant methods
for the BPS operatmzg mode forecast ar= applied:

*  fscessment of recorded time-series mmpact on the
EPS operating mode (historical data);

*  scenanioapproach, the primary objective 1s to forecast
BEPS power consumpfion, power generation, ate.

Scenario generator block, depicted in Figure 1, operates
with ralatively large mount of data for BPS nlc:-:ilz].h.ll,= power
zmtm[?ﬁﬂ\)mdcnmmptm@ COMN) m EBPS,
elactricity market prices (Price EL) in naighbourmz countries
that have mtercommections through transmizsion lmes with
BPS et

The final step of BFS modellng provides an opporfunity
with hourly discrefization step to analyze power disbalance of
the BPS, itz enerzy mmport'egport, as well as allows to
determmsa alactricity price for BPE zone.

The following heads deals with  comprehensive
information about sach calculation block of the modelling
platform structure.
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Fig. | The structors of the modalling platfomm.
1)  Histovical dara

At the initial state the deep study of historical datz of input
proceszes for power system struchure analyse and foracasting
et be realized For metance, there is a list of historical data
used in the article: howly energy market price in Fimland,
Sweden and Poland {miercommected countries with Baltie
States, Fig. 2) [7], [B]; hourly data of water inflow of Daugana.
mver m Plavinas hydropower plant (HP) resarvoir%]; hourly
solar iradiation data [10]; wind seneration data [7].

Fig 1. Imterconnections and MordPool market areas.

1) Prediction qf time-seviss processes

Wext modsllng stap requires forecastmz of previously

Jected time-series pr . Methodology of long-tarm
mdlcbmuftmepmcmamedmﬁezrhdeudmﬂ'heﬂm
our previpus artieles in datails [11]-{13). For mstance, Figure
3 depictz minimal, average and maximal valies ccfpredictad
hourky elsctricty markst prices in 2030 for different pric
mﬂnamelyﬂnthnﬂ,ﬂurSw&dEnm}andﬁmPuhnﬂ_

Amazlysmg graph in Figure 3, can be stated that the hourly
electricity markst price az hme-seriss procssz vary m
relativaly wide range: plus ~1 5 times and mimie ~4 times
from mean hourly elactrieity market price vahus £/0Wh).

E BE.12 91,50 92.09
-
-
1 64.64
B
i - 490,006 48,04
=
B
e
£
" 759
- 13.41 1759
] — 400
¥ SE4 PL
Price zone
Fiz. 3. Forecasting of lov-averaze-high electmicity market prices for 2030
accondingly to price zong.

Ome more examgpls of long-term pradiction (Figure 4, 15
BFS 2030 howrly energy demand That forecasted BPS enerzy
consumption m 2030 equals to 41.796 TWh with mmimal
energy consumaption 2 749 MWh'h, maximal value equal to 7
233 MWhh and aversge electricity demand level 4 734
MWh'h (red curve).

NN ]

o

w

BPFSI050 energy conswmpiion, GWh
WO B &

Time, hours

Fiz. 4 EPS 2050 modelled ensrgy consumption.

3} Baltic power sustem mods]
Baltic power system modal used in the article has a nested
s‘h'ndm'edepactedml"'lzul’eﬁ Feflectad BPS structure
Tud I mat'hama.h.cal madels
(mbma-dals) comespondingly to the existmz and foresesable
energy sources: pamped storage h}'drupuwup]ant[l-li] [15]
kevdropower plant (HP) [13], [16]; small hydropower plant
(sl'll’)'mlarpawuplznt wimnd power plant (WEF); elactnc
ehuclaz (EV); power reserve (PR (cogeneration power plants
andlimlmalpuwerplanls)}[l?]—[]g] bicensrgy power plant
(BPP); BPS elactricity demand mterconnections betwaen
Balhcpunwsystamandleand.SwedmanﬂPnlaud[]l]

Furthenmore, sach submoeds]l consider wida range of
specific features: techmic-sconomuc linutations as well as
emvirommentzl constraints. BES mtemal distbution natwork
(330 kV) represemt= a smmplifisad mathematical modsl
excluding power lozes and limitations of fransmizsion lnes
capacities.

Conzidered EPS mathematical mode]l covers Finland
(Estomiz-Finland), Swaden (Lithuama-Swedsn), Poland
{Lithuaniz-Peoland) intercormections 1
Environmental conditions have impact on the transmiszion
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lines features [20]. However, m the article are asmmmed
comresponding  transmmssion linas capacities: 1 016 MW
(Estoniz-Finland), 700 MW (Lithueniz-Swaden) and 1 700
MW (Lithuaniz-Poland).

In that way BPE mathsmatical modal zives the
opportumty for analyzing energy balancs mito the Baltie power

t e

Fig. &

A structare of modell=d BPS,

4} Ewnerzy market modsl
Other one speculation of the article iz that the plants
sharsholders sirive to merease their profitability and are
forced to follow the technical and legal constraints establizshed
by the laws of the MardPool [21] day-ghead electricity markst,
the government and the networkes.

Two last steps of the modellng structure, namely

3 and subchapter 4, oparate i tandem to strrve

optimal power flows, with objective to get maximal benefits

from ensrgy export and n opposite — mmmmize expenses
related with nead m energy import and local power resarve.

Figore & depicts somplified strectors of energy market
modsl. Rasolution of each structurs of modelling pl.ﬂfmm
equals to one howr. Each hour energy market model recerves
information zhout BPS energy balanee before import'export
procadure. As result there ars fow possibilities:

*  enerpy deficst;
*  energy surplus;
%  anerpy naufral

Ini the la=t caze BPE has energy balance and no achion is
raquired. In the sacond operating mode of BPS there esust
enargy surplus which capacity can be seld to the neighbour
power sy stems via tranamiszion lines taking into aceount their
power franst constramiz. Due to the power market rales at
enerpy surplus state the poal is to maximize profit from the
energy export rezlization (flowchart m Fizurs 6).

Otherwise, in tha first operating mode anergy defict takes
place. In this case the ohjective tries to mnimize expenzaz. To
carry out the last zozl enerzy market model operates with
enerpy import, eleciricity export, and in specific cazes with the
DOWET TeseTve capacities.

Should be highlizhted that i the first (energy deficit) and
the second (energy surplus) BPS opma‘h.mmud.et'he energy
miarkst model works under tramermssion lmes capacity

ENERGY DISBALANCE

[ESERGY DEFICIT| |ENERGY SURPLUS |

l

|,--- SURIFORT EXFR P | Feu

=

IINEII.G\‘ nlmmcmmml
Fiz. . Applisd energy market model simplified structare
Il CASE STUDY AND RESULTS

A. Input data and assumptions

Table I provides datz of forecasted total powsr
consumption and power generztion by scuree for scenanio 1
(BPS 2030), for scemario 2 (BPS 2050) and for scemario 3
(BPS 2050).

Information m Tabla [T deals with masximal values of the
pradicted power consumption and power generation by source
for BPS modelling scanarios mder consideration [3].

Baltic power system consumption (BPSC) m 203015 37,85
TWh. Howsver, BPS consumption m 2030 1= 41.80 TWh
[22}-27].

1) Electrification of transpert sector

Long-term forecast of elactric vwehicles has resp-ec‘h\al}
stromg impact on the BPS enerzy consumpdion. Hance, 1n BPE
2030 predicted EV amount is 1 nullion units. Mantioned value
of EV provides 4.33% of BPS 2030 energy comsumphion
However, m BPS 2030 1= planned that EVz amount wall be 3
mullion and it corresponds to 11.26% of total consumption [3],
[231-28], [28].

Taking mte account Baltic couniries development plans
accordingly EVe integration the followmg assumptions are
considered m the article:

»  Thetotal mmmber of EVe for 2030 and 2030 iz kmowm

— 1 mullon and 3 rallion rezpactively.

»  Theaverage daily mileage iz 15 kon'day. The averags
energy conswmption equals to the 0.3 kWhlm.

. Energy storage capacity of EV battaries 1= 90 KWho
Az well az all cars wall be loaded svenly overught, from
11 pm to 7 am. {for & howrs) when predicted market price
will ke lowar than during busmass hours.

Increasing trend in renewzble energy sources (RES)
instzllad capacities can be obzerved in second part of Table
i cohmnne SPP and WPP respectivaly. It iz nead to be noted
that seenario 2 and scenario 3 differs in RES installad capacity
in fwo times. Asseszment of ranawable enerpy scurces mipact
on the BPS ensrgy balancs 15 major reason for the mantioned
above parameters di'ti.rm‘l:i.om_

The capaeity of the local powar reserve 1s supportad by
corrventional power plants that polhute sreenhouza zas into the
atmosphare Power reserve (PR) value summarize capacities
of thermal power plants (TPP) located i Estonia and fislled
by the o1l shale. As well 25 PR includss existing and planned
CHP of Latvia and Lithuania.
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In the long-term p!rspect\e, capacity of foszil enerzy
production is planmed to b For example. m the long
tarm, the Estoman Mational Energy Sector Development Plan
implies a raduction m (02 emissions by reducing cil chale
TFPs [3]. In Tzble I last column, named PR reflects frend of
comventional power plamts capacity reduction Thus, PR
howly available capacity in 2020 is equal to 4 300 MWk
{“CEEIBI]O 1) Due to politic of the C02 ermission to atmosphere
reduction it is planned that reserve power howrly capacity has
declined to 1 300 BIWh (zcenzric 2 and scenario 3).

Capacity reducton of comventionzl power plantz 15
quastionabls development plan of the energy sactor and more
in-depth consideration and argumentation are requirad.

TABLEL DOWER: CONSUMPTHIN AND POWER GENERATICN DATA
FOR MODELLING SCENARIS L2 anm 3
BFSC| SFP | WFP | HF | :HPF | EFF | P5SHP
TWh | TWh TWh | TWE | TWh | TWh | TWR
113786 [174 [1165 |160 034 [252 |283
2 14130 (210 174+ |1060 (034 [3352 |283%
3 | 4180 [£57 [3437 100 [034 [3357 |28
TABLEIL MUANIMAL POWER CONSURPTION AND MAXIMAL YW ER
GENERATION DATA FOR MODELLING SCENARICS 1,2 ANm 3
BPSC| SFF | WFP | HP | :HF | BFF |FSHF| FR
AW | MW MW | MW | MW | MW [ AW | AW
1 |6025 [1439 [2007 |1362 |163 [321 1613 |43
2 17233 11878 5613 [1362 [165 (521 [162% [1300
3 |7233 [3872 [113B6|1362 (165 [520 [1635 [13500

Bar diagzram m Figwme 7 illustrates power reserve
actrvation mmpact on the BPS energy imbalance for all
considerad scemarios. Thos, PR activation in scenano 1
(BP32030) completely balances energy system.

Ini the scenane 2 (BPE2020) the metzlled capacity of RES
Jslugher however, value of PR 15 reduced mors than 2 timas.
Results in Fignre 6 show, that activation of local power
reservas can not fully compensate for the BPS energy deficit
As a result, the energy deficit m BPS iz aqual to 0,177 TWh
or 0.42% of total BPS 2030 energy consumption.

In the scenario 3 PR capacity stays unchanged and 15 equal
to 1 500 MWh Meanwhile imstalled capacity 1= higher than n
seanana 2 by two tmes. In Figure 6 red bar l:BPS’D.U(‘)J
reflects enargy defieit reduetion: from 1 847 TWh (4.42%) to
0.784 TWh (1 £8%). It can be concluded that meteasing of
RES capacities leads to ansrgy imbalance mitisztion in BPS.
However, last blue bar in diagram 6 shows energy deficit
tarmmation impozzibility due to the msufficient capacity of
POWET Teserve.

Mext subchapter descnbes comprehensive survey of
optimal power reserve value for each scemario umder
consideration.
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Fig 7. Power reserve impact oo the BES enerzy balamcs

E. Estimation of minimal powsr reserve mainisnarcs.

Value of power resarve, needad to terminate BPS enerzy
deficit, can vary inrespectively wide range. Thereby, maximal
capacity of power ressrve needesd to cnmpensa.te Enerzy
deficit in BPS 2030 is equal to the 1 740 IWh (Figure 3). At
the sane time frequency analvsis of required PR activation for
BFS 2030 energzy deficit compensation shows that mentioned
maximal value was applied only once during a whele year
Howevear, to ensure the BPS 2030 enarzy balance, it is vital to
maintzin the raquired amowunt of power reserve. -%cculdmglj
to the Tabla [ results, power reserve capactty m 2030 1= 4 300
W0k It can be noted that maintamed PR value covars energy
deficit in BPS 2050,

Histogram m Figure 9 shows an opposite result. Here
maximal capacity of energy defiest in 2030 15 2 350 MWh. As
listed in Tabla [ platmed power reserve capacity m 2050 1= 1
00 MW. As 2 conzequenca of short-sightad enersy sector
developmant policy planned PR capacity can not compensate
enerpy defiett Ac 2 result hourly mawimal enargy defielt n
BES20350 remains to be equal to 1 390 MWh

It 1= expected that sigmificant mumber of RES will kelp in
energy balaneing. Fizure 10 reflects bar diazram of required
capacities to balance BFS 2030 energy deficit m the scenario
3. In contrast with previous caze of scenano 2, whers hourly
maximazl enargy dafieit capactty was 2 890 MWh, result of
RES mereased mstalled capacity in two times leaded to the 2
736 MWh maximal hour energy daficst As in the previous
caze plammed amount of power rezarve 1= Imposzibla to cover
energy deficit and BPS 2050 continnes to be umbalancad.

T

Fiz. 8 Histozram ef enerzy deficit m BTE2030 (scenario 1) after eleciricity
impost / expart proceduras,
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Fig 9 Histozram of enerzy deficit i BTS2030 (scenario J) after electricity
import | export procedures.
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Fig. 10, Histogrem of anersy deficit in BTS2030 (scerario 3) after lecrricity

irport ! export procedures.

IV. CORMCLUSIONS

Populanization of stopping climate change by reducing
graenhouse gas emizzions has become one of the prionity tasks
in the developmant plane of world emerzy. According to the
Euwropean Commizsion, ane of the main reasons for the large-
seale volume of C02 emissions 1s operation of conventional
power plants that utilize fossil finels.

To achieve mentioned gozl and o stop elimate chanzs the
elobal and European enerzy devalopment plans proposs to
apply several stratagies, whereas at least two of them
significantly affect the struchre of ensrsy systems:

strategy 1: 2 pracipitous increaze m the capacity of power
plants operatmg on a renewakle energy sources;

strategy 2: raducing the capacity, suzpending or shutdown
of power plants that use fossil fuels.

Well kmowm fact that the production of alectrieity by RES
1z unpradictable and impenmanant procass. Az a result, there
1z 2 problem to constant energy preduction and enswrmg the
power balance of anyv energy svstem.  Sometimes, to entirely
compensate  power defiert by  enarzy  mport from
neighbouring counfriss 15 an n:upnss]'ble izzue due fo the
livated capactty of tramemiszion lmes. Thus, the last
opportunity to mitizate enerzy deficit is to zctivate local

POWET I2serve.

The BPS 2030 enerzy development plan provides for 2
TesErVE :zpa.ci‘n of 4 300 LW, Az a result, the snerzy deficit
of BPE 2030 15 completely covered and the enerzy bala.nr_e iz
mzintained (Figure 7, scanario 1)

Above mantioned strategies (sirategy 1 and sirategy 2) of
energy development plan are realized m BES2050 (scenario
2). That, simulation razults of BPS2030 (2cenario 2) argue that

atterpts to ensure the energy balanes by powsr mport
procadurs and to cover the snsrey deficit by increasing the
mm]ledcapmh of BES do not lead to sucesss. At tha same

tirne, the reduced capacrty of rasarved power plants doas not
allow to get rid of the power deficit.

Mearly twofold increase in the mstalled capacity of wind

solar power sources 15 considered m BP32050 (scenario
). Howwaver, the zbove-desenbad power generation potantial
1z not panacea and the BPE205) systam remzins as energy
deficit.

The results of the paper prove that BPS needs a2 more

etailed assessment and amalysis. The dewveloped
mathematical model allows to deternine the mimimal value of
power reserve needed to be mamtaimed for the enargy balance
of the BPS enzuring.

COmlby 2 rationzl, rezsonabls and tomely selaction oparation
mods of BPS' power plants, as well as a carefully thonght-out
development stratazy 15 the anly way to form a sustamahle and
balanced energy system of the fuburs.
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Efficient market-based storage management strategy
for FCR provider with limited energy reservoir
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Abstract—We present a market-based storage state of charge
management strategy for primary frequency control providers
with limited energy reservoirs such as battery energy storage sys-
tems. The strategy is the result of research work motivated by rel-
atively recent regulatory condition updates in Continental Eu-
rope which stipulate that frequency containment reserve provid-
ers cannot rely on dead-band utilization and delivery overfulfill-
ment to manage their reservoirs. In addition, we show how the
devised strategy allows an appropriately sized battery system to
withstand the realization of a worst-case scenario, even if the unit
is providing multiple reserve products at once and is allowed to
recover its state of charge only via the intraday market.

Index Terms— ancillary services, balancing, BESS, FCR. storage

L INTRODUCTION

The role of energy storage technologies in the power sys-
tems has been rapidly growing as the rising share of mtermittent
renewable energy sources increases the need for system flexi-
bility. To that end. storage is seen as an mvaluable resource able
to provide fast-acting ancillary services to system operators in
decarbonized electricity systems. Consequently, there has been
a significant growth of battery-based grid-scale storage during
the recent years worldwide. However. their intrinsic differences
when compared to conventional balancing resources must be
accounted for and reflected in regulation.

In order to both facilitate and regulate integration of storage
systems in ancillary service markets, especially for provision of
frequency containment reserve (FCR), the EU System Opera-
tion Guideline [1] stipulates specific rules applicable to limited
energy reservoirs (LERs), 1.e. storage units that can be depleted
within two hours of operation. Namely, the minimum activation
period (T er criterion) to be ensured by FCR. providers qual-
ified as LERs 1s 15—30 min during the system alert state with a
specific value to be proposed by all TSOs of each synchronous
area. While the Continental Europe (CE) TSOs lean towards a
30-min Tmimter at least for newly installed storage power plants,
the final proposal is still under development as of mid-2023.

Furthermore, CE TSOs have already developed a number of
additional properties of FCR [2]. Here, the definition of a LER

This research is funded by the Latvian Council of Science, project “Multi-

Aigars Silis, Gunars Cingels, Gatis Junghans
AS Augstsprieguma tikls
Riga, Latvia
aigars.silis@ast.lv, gunars.cingels@ast.lv,
gatis junghans@rtu.lv

has been clarified as an FCR provider that cannot maintamn full
reserve activation for at least two hours without performing cor-
rective actions for reservoirr management. Furthermore, the
TSO0s have disallowed overfulfillment or dead-band utilization,
which means LERs should rather use existing market-based or
similar measures for their reservoir recovery. intraday market
bemng one of the most feasible possibilities.

Another important addition 1s the introduction of Reserve
Mode, whereby LERs that are technically capable to should
change their mode of FCR. provision to react to only short-term
frequency deviations when the reservoir 1s near exhaustion [2].
Reserve Mode allows for more beneficial usage of LERs during
power system alert state, however, the technical intricacies of 1t
have not been sufficiently harmonized vet.

LERs as FCR and frequency restoration reserve (FRR) pro-
viders are of particular mterest for the Baltic power system,
which 1s scheduled to desynchronize from IPS/UPS and con-
nect to the CE synchronous area by 2025 [3]. By this tume, the
Baltic TSOs ought to be able to cover their FCR and FRR needs
themselves while historically the primary frequency control has
been ensured by the neighboring Russian power system [4], [5].
Hence, large-scale battery energy storage system (BESS) pro-
jects are under development in the Baltics to ensure FCR and
FERR adequacy [6]-{8]. The outlined EU-level developments
and regional challenges around the Baltic synchronization pro-
ject have motivated the research question of this study: develop
efficient market-based BESS operational management strategy
subject to a set of technical and regulatory constraints related to
ancillary service markets and specific reserve products as well
as to electricity wholesale markets for storage recovery.

Even though a number of different strategies for FCR-
providmg BESS management can be found in the literature, the
recent EU regulatory advances and the regional mtricacies of
the Baltic power system introduce the need for a more sophis-
ticated methodology to conform to a number of binding require-
ments towards LERs. Notable previous studies include, for mn-
stance, FCR-providing BESS management algorithms devel-
oped for the German case described mn [9]-[11] which use three
degrees of freedom for storage management: overfulfillment.
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dead-band utilization and scheduled intraday (ID) transactions
(with a 30-min gate closure tume ( ). Reference [9] also
uses provision rate adjustment. but finds it inconsequential

On the other hand, [12] explores three methods of state of
charge (SOC) recovery in a Finnish context: dead-band wtiliza-
tion (wiich they admit as mcompliant with the new regula-
tions), day-ahead (DA) bidding in time intervals when FCE. ca-
pacity has not been sold and overfulfilling day-ahead trades
‘when it is favorable to the balance of the power system

In the Baltic context, a recent study [13] also considers over-
fulfillment and dead-band utilizaticn as viable SOC recovery
strategies along with ID transactions. An important additional
drawback is that the ID GCT time 1s not considered, which 13
60 min in the Baltics [14].

In contrast, we fill the gap of the previous studies by pro-
posing and validating an active energy reservoir management
strategy for an FCR. providing BESS respecting the prolibition
of delivery overfulfillment, dead-band utilization and subject to
a specific Trarrs in line with the recent EU regulation. Moreo-
ver, the strategy successfully implements market-based storage
recovery exclusively m the ID market (Le. a stand-alone BESS)
‘which means that intentional imbalance is disallowed, and it 1s
also applicable to a LER providing both FCR. and FRE. Conse-
quently. our proposed management strategy respects all the reg-
ulatory requirements that a stand-alone frequency reserve
providing BESS will be subjected to in the Baltic power system
in the near fisture as well as in the EU in general. The strategy
‘has been mimplemented in a mathematical sinmlation tool to val-
idate its performance. Hence. the tool also allows testing the
BESS operational strategy under various market settings (e.g.
varied Tumi s, ID GCT ete.) and parameters (e BESS size) to
validate the BESS ability to deliver the contracted services.

IL SOC MANAGEMENT STRATEGY

The SOC management strategy is only a part of the overall
management model necessary for a LER. participating in bal-
ancing markets. The other two major components deal with the
transition to and from Reserve Mode when neanng storage ex-
haunstion dunng the alert state and the preparation of FCE. and
FRR bids, particularly the voluntary FRE. energy bids which,
due to short lead time, are the most dependent on the current
energy level of the storage. However, to limit the scope of thus
paper, only the SOC management strategy 1s described in detail.

The main goal of the strategy is to prepare ID bids, while
delivering the reserves, in order to assuge a sufficient SOC level
in line with the wndertaken reserve (FCE. and/or FRFR) obliga-
tions. The overall philosophy of the strategy envisions a robust
approach, i.e. the BESS must strive to be prepared for the real-
ization of a worst-case scenario at any future point in time.

A Assumptions and Simplifications

We assume that the FCE. provider is a single BESS with a
LER which can only use market-based mechanisms for restor-
ing the energy content of its reservoir (i.e. no alternative gener-
ation or load neither in the reserve provider’s portfolio nor con-
tracted bilaterally which could be used to charge/discharge the
BESS; intentional imbalance to manage storage disallowed).
Ultimately, this means that the BESS can manage its SOC only

by participating in the ID market as it has a nuch shorter lead
time than the DA market and thns allows for more flexibility.

To achieve the most effective storage management under
the laid out conditions, the optinmim decision- ing time on
whether an ID trade offer needs to be submitted would be at the
last possible moment before the GCT. However, for the sake of
robustness. a certan bid preparation time should be added be-
fore each ID GCT by which the decision is made.

The relationship between vanous time-related variables em-
ploved in the management strategy is explained in Fig. 1. where
I fecisize — Moment mn time for ID offer decision; fm.mm—l'he
closest ID GCT; fmsar a0d fmyws — the start and end time of the
ID trading period with the closest GCT. Afprapars — UseI-58-
lectable time period for bid preparation (expressed in minutes
before GCT, e.g. 5 mun); Aty gor — D GCT (in minutes before
delivery start, e.g. 60 min in Baltics [14]); Atvru — market time

unit duration (assumed 15 min [4]).
Afprepars Afpger Abyry
Ay 1

L1 I o
|~ ! I\
D aciion T0.6CT aent iDsas TDasd

Figurz 1. ERelationship between the time-related varisblas

To minimize over-comection risks, ID trades are prepared
only for the shortest possible delivery periods. ie. at each deci-
sion time only cne potential MTU 1s considered for delivery.
On the other hand, this means that the need for corrective trade
has to be evaluated before each ID GCT; with a 15-min MTTU
this equals to 96 decisions a day.

Based on analysis of the EU regulatory framework. we de-
rive the following mam requirements for the SOC management
strategy of a BESS to provide FCR with a LER. qualification:

» Capability to provide a prolonged full FCR activation at
least until the Towr == criterion is satisfied during the sys-
tem alert state.

» Capability to provide uninterrupted prelonged FCR up
to 25% of the total commutted reserve power in one di-
rection dunng the system nommal state.

» Recovery of sufficient storage level to be able to again
finlfill the T rx eniterion no later than 2 howrs after the
end of a prior system alert state.

» The previons three requirements need to be met also
when the BESS provides FRR. alongside FCR. How-
ever, the committed FRR. must be able to be fully acti-
vated at any grven time for any duration regardless of
the Tmerrs criterion and post-alert state recovery stats.
This is because there are no special properties defined or
exemptions allowed for an FRR provider with a LER.

B. Algorithm
The main steps of the devised algorithm are generalized in
Fig. 2 and henceforth explained.
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Figure 2. Main steps of the energy recovery alzorithm

1)  Check if the current ti ID decision time.
It depends on the closest ID GCT and bid preparation time:

rlb_da:usmn = rll)_lil.'l,ueu - mpmpw' U-J

If it does, the remaining part of the algornfim is executed, oth-
erwise the process can end for this time instance (it is then
launched anew at the next time step).

1) Calculate the worst-case up-regulation (discharging)
energy for the time mterval from the cwrent ID decision time
to the end of the ID delivery period for which trading with the
closest GCT 1s open. Le. from f to #med, Where, as per Fig. 1:

I, =I+M +M

1D,GCT

D gmd MM’R" {2;]
Evidently. the necessary lock-ahead horizon has a duration
equal to the sum of Afpgas. Afmget and Aty

In general, the worst-case energy consists of the sum of fully
activated FCE. and FRE. up-regulation reserves (according to
the sold capacity) as well as the full delivery of prior ID trades:

Emm_l P [.I‘ : 'rIDnd ] =
i *
=rm—”{r‘pun,“.|.(,}+ num.u“ ]+l Il‘Jl 3
{L"'R‘um wn“ ,:H' m ll h} M’ J

where Prer o — FCR. capacity at the particular time; Prrs v .can
and Prrp ey — FER up-regulation capacity due to mandatory

and volmtary FER. bids respectively; Po — capacity to fulfill
priorly scheduled ID trade (a negative value for charging trade);
AE 4 — expected self-discharge losses of the BESS. & denotes
a timestep between the current tume f and the look-ahead hon-
zon end time fpwma. the sumber of these steps depends on the
selected gramularity of the calculations denoted by At

The loss expectation component asswmnes maximm self-
discharge losses (1.e. as ocowrs when the SOC 1s at its maxi-
mm}:

A, (1)~ b S0Cuu T @
where k4% is the self discharge losses as a percentage of the
SOC during one day, SOCoay 15 the permissible depth of charge.

It nmst be noted that the worst-case energy estimation (3) 1s
valid for a conventicnal (non-LER) FCR. resource. For LERs,
there are special considerations since, as previously discussed,
a LEF. does not have to endure full activation for the whole
look-ahead horizon Instead, in a worst-case scenario it has to
deliver nearly 30% activation for 10 min and nearly 100% ac-
tivation for 5 min (which would trigger the alest state [1]), fol-
lowed by a fill activation for 30 min (or 15 min) during the alert
state to fulfill the Tow = criterion (similarly as in [11]). Fur-
thermore, if the alert state ends when the criterion is met, the
LER. still needs to be able to provide FCE. continuously during
the normal state, 1.e up to a 25% activation. For a safe and pre-
dictable LER operation transition from Nommal to Reserve
Mode after fulfillmg the critenion. we add a requirement of an-
other 3 nun of full activation in the worst-case energy need es-
timation.

The cutlined combination of worst-case FCR. energy 1s triv-
1al to calculate if the LEFR. has an mvanable capacity obligation
(due to FCF. market results) throughout the entire look-ahead
duration. However, in principle, it is possible for the FCR. ca-
pacity obligation to be different in each MTU within the honi-
zon This creates a combinatorial problem as there are mumer-
ous ways how the alert state and its preconditions could be tem-
porally placed in the lock-zhead horizon mmplying a multitude
of potential FCR. activation trajectories. Fig. 3 provides two ex-
amples, but the total number of alteratives depends on the cal-
culation time granularity.

100% 100% -
809 1 e 8% e
5086 = 60% =
405 40% A
I 20% g
ke i sasioe | fy e, (B3] e i decicon Bt BN
™% 0% i :
L 2 3 3 : & 3 12 3 4 35 6 7

MTU
Figure 3. LER worst-case FCE activation temporal altemnative examplas

The worst-case up-regulation energy for a LER. FCR. pro-
vider can thns be expressed as:
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where Aff. 15 the frequency deviation at which the FCF. pro-
vider has to be fully activated and Afa(f). . Afait) are the fre-
guency deviation alternatives.

The worst-case FCER. activation alternative for a LER is thms
identified by taking the one comresponding to the largest re-
quired energy as per (§). The found value 15 then input in (3).

However. a full emuneration as in (6) is only necessary if
indeed the sold FCR. capacity differs between the MITUs under
consideration. Otherwise, if the FCE. capacity is uniform the
worst-case LER FCE. energy can be estimated using any of the
alternatives (e.g. the right-side alternative in Fig. 3).

Once the worst-case up-regulation energy is estimated, the
worst-case down-regulation energy requirement also needs to
be assessed. The principle is the same as for the up-regulation
in (3)+6). The cnly differences are that now we lock at the
mandatory and voluntary FER down-regulation bids (unlike
FCE. FEE. product is not symmetric), and that the self-dis-
charge losses (AE. 1) are not considered as they do not worsen
the situation in worst-case down-regulation scenario.

For both up- and down-regulation worst-case energy need
considerations, a LER. could, in principle. calculate the neces-
sary energy as a non-LER (e.g. as in (3)). This would result in
more active SOC management via [D trading, thus allowing a
LER to accumulate more energy and exceed the Tearrs crite-
ricn (if desired). The priorly described approach, on the other
hand, corresponds to conservative SOC management, the pri-
mary goal of which is to ensure ing the nunimmm require-
ments a LER is subjected to (with a small safety margin) whilst
taking advantage of the reduced FCR. requerements for LERs.

3)  The third step of the algorithm envisions calenlating
the energy available in the BESS for both up- and down-regu-
lation. This primarily depends on the energy content in the res-
ervoir at the current time ¢, its storage capacity and charge/dis-
charge efficiency. The respectrve values can be calculated by:

Eh.'ll.‘?“_]=[Soctf)_soc..m]'rhas t?:'
) Ip— U)=[SOCM_SOCU}} Na - (8)

‘wvat]

where SOC(f) is the curent energy content, SCOCmn — the per-
missible depth of discharge, & and 1 — discharging and
charging efficiency, respectively.

4)  When both the worst-case energy and available energy
are calculated for the respective activation directions, we check
if the worst-case up-regulation energy exceeds the available
one. If so0, a charge (buy) ID bid is prepared. Otherwise, we
check energy sufficiency in the other (down-regulation) direc-
fion

5)  The first step in preparing a charge bad is identifving
the maxinmum capacity available for its execution in the respec-
tive delivery period:

'

chmaw Prrm.q. [ Iy seer * Tmena J_

)

Pm [.tll:r_( 1 IT-":,_:,]:I
- i \_PTRR,mu.N,m-- {rﬂ}.-lﬂ' :ﬁn,c..a:'

where Pes oy i5 the total charging capacity of the BESS. At this
point we do not consider voluntary FEE. energy market bids
since FRR market has a shorter GCT compared to ID
(23 ws 60 min). thereby at the ID decision tune no FRR obliza-
tions from the energy market should have been undertaken yet.

Finally, we calculate the power cotresponding to the deliv-
ery of the required energy within Afyry. The maxinmm of the
two values corresponds to the charging bid that can be made:

B [.tm”__‘ :'rrn_ma:'

Pmmu{rﬂ}nl-( :t‘ID,g-J :|,
=max| v 1h
B (i )~ B (1))
L _1?{ Dend LUP } m.-.m
6) Next. we check if the prepared buy bid is sufficient to
meet the worst-case up-regulation requirements._ If it 15 found to
be msufficient, namely
Atf, ¢ .
|Prn [\.rm)dﬂ:rﬂ);nd }| f < Euur-l_l.'P 1‘!_-!'10_‘:_1 }_Ennltrp [” t] (10"

[EJ]

then a wamng is issued to the BESS operator. In principle,
however, such a situation conld only occur if the reserves to be
provided by the BESS are oversized or if a worst-case scenario
has already begun. in which case it is not necessanly a concemn
for the BESS operators since LER conditions give them ample
time to recover post-alert state.

7T)  If a charge (buy) bid was not found to be necessary,
we check if a discharge (sell) trade is needed to have the BESS
ready for a worst-case down-regulation scenario realization.

The following steps are sufficiently simalar as in the up-reg-
ulation case and thus will not be elaborated here.

8) The overall BESS management model should also in-
clude a specific subroutine for cases when BESS has been idle
for a prolonged period and sequential ID trades to ensure ouni-
il ing conditions might have to be scheduled However,
due to space limitations, this has been left out of scope of this
paper.
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oL VALIDATION

In the following example, we show the performance of the
devised BESS SOC management strategy m a counterfactoal
scenano which includes prolonged activation of the conmmitted
FCE. and FRE. in the same direction This allows validating the
ability of the proposed approach to indeed withstand the ocour-
rence of a worst-case scenario. While the real-life realization of
such a scenario is a low-probability event, it would however be
a ugh-impact non-compliance if the BESS faled to deliver re-
serves in accordance to its obligations.

We assume a BESS with 80 MW charge/discharge capacity,
160 MWh rated storage, 0.95 charge and discharge efficiencies,
reservoir limits 10% and 90%. The BESS has to provide 8 MW
of FCR. and 32 MW of FRR. in each direction. The selected pa-
rameters have been derived from the estimated reserve needs in
IPS/UPS in 2025 and from the specification of BESS that is be-
ing discussed for installation in Latvia [15].

In terms of reserve activations, for FCE. we assume a six-
hour frequency deviation profile as depicted by the brown line
/ right axis in Fig. 4 (NB: FCR. providers observe a =10 mHz
dead-band followed by a pr I response reaching a fsll
activation at =200 mHz deviation). This profile is enfirely arti-
ficial as 1fs only purpose i1s to demonstrate that the devised
BESS management strategy can ensure the reserves as ex-
pected. The FRR activations are likewise simmlated to enforce
a worst-case scenario realization (ie. full activation for the en-
tire six howrs).
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Figure 4. Simulated frequency deviation and LER 50C evolution
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Figure 5. The schedule of comrective ID rades and FCE. provision mode

In the simmlated scenario, the BESS is able fo continuously
provide a 25% FCR activation dunng the normal state of the
power system together with a full FRR activation without any
1ssues. At 2:15 an alert state is declared due to devi-
ation exceeding 50 mHz for 15 ninutes and 100 mHz for 3
minutes. The LER starts transition to Reserve Mode
2:44 when the 30 mimte T =z criterion has been folfilled. At
3:00 the alert state ends due to the frequency deviation dropping
slightly below 50 mHz, at which point the 2-hour countdown
for LER. recovery starts. However, the LER already completes
the recovery at 3:16, which means that it only required 16 min
to be completed.

This i5 due to the robust nature of the storage management
algorithm. It is also partly becanse of the fact that scheduled
future ID deliveries are taken into account when evaluating the
recovery conditions, provided that there is no nsk of violating
the SOC constraints at any point in the considered future time
horizen. At 5:15 ancther alert state is declared and again the
LER only starts transition to the Reserve Mode once 30 min of
full actrvation have been endured.

From Fig. 4 it can be seen how the SOC trajectory ap-
proaches the upper constraint of 90% but does not violate it,
instead remaining near it. Moreover, thanks to the scheduled ID
deliveries (Fig. 5), ﬁmLERcanEL'engmmﬂteecmnnued ca-
pability to provide the required FCR. and FRE. despite the SOC
presently being close to the constraint.

v CONCLUSIONS

The validated market-based BESS SOC management strat-
egy enables robust and reliable LER. participation in FCR. pro-
vision, meeting all the additional properties and regulatory pro-
visions that FCR. providers with LERs are subjected to in Con-
tinental Enrope. It is also suitable for LERs providing both FCR
and FRF. The devised strategy caubeapphedmpmspecm-e
BESS installations in the Baltic power system after
zation with CE and also elsewhere in the EU as 1tfo]10wsﬂ:ue
most recent regulations te be adopted by the Member States.
Moreover, the tool allows testing the impact of important tech-
nical parameters and market settings to aid in decision-making.

The crux of the offered approach is anticipating and prepar-
ing for the emergence of a worst-case scenario. Due to paper
size limits, only a part of the overall BESS operational manage-
ment strategy has been presented which, ameng other aspects,
also manages the LER's transition between NormalReserve
Mode and estimates the voluntary FRR. energy bids. Hence,
elaberation of the additional model components and features re-
mains a venue for firture worke

Furthermore, the mathematical mode] developed to simm-
late and validate the outlined strategy could be used m fiuture
work to study the impact of BESS technical parameters on their
reserve provision capabilities as well as the impact of market
regulations on BESS performance. The potential topics of fu-
ture studies inchude BESS and reserve sizing, pros and cons of
cualification as a LER, duration of the T mp criterion, recov-
ery duration, market lead time etc. Moreover, the model can be
extended fo also consider diverse economic criteria to ulti-
mately provide a c re cost-benefit assessment of a
LER—qua]J.ﬁa:l BESS with varied control strategies.

141



[l

[2

[3]
[

[51

71

[2]

REFERENCES

Commission Regulation (EU) 2017/1455 of 2 August 2017 esmblishing
a gmideline on electricity ransmission system operation (Text with EEA
relevance)Text with EEA relevance. 2021 Accessad: Mar. 08, 2025,
[Cmline]. Available: hrrp:/data.europa.ewelieg 2017/ 14852021 -03-
15/enz

“A dditional propertdes of FCE in accordance with Article 154(2) of the
Commission Regulation (EU) 2017/1485 of 2 Angust 2017 establishing
a puideline om electricity transmizsion system operation.” Jan. 2021,
Elering, “Symchronisation with continental Euwrope.” htrps./aler-
ing ee'en/synchronization-confinental-europe (accessed Mar. 08, 2023).
L. Euwrevska, A Sauhats, G. Funghans, and V. Lavrinoves, “Hanmoniza-
tion of Imbalance Settlement Period Across Europe: the Curious Case of
Baltic Energy Markets,” in 2019 IEEE 60th Intemnationa] Scientific Con-
ference on Power and Electrical Engineering of Riga Technical Univer-
sy (BTUCON), Ot 2019, rp. 1-5 doi:
10,1109/ RTUCON48111.2019.8082334.

W. Radrikymas, A Flementavicing, 5. Eadiza and M. Radzinkyniens,
“Challenge: for the Baltic Power System connecting synchronously to
Continenta]l European Network,” Electr. Power Syst. Fes., vol. 140, pp.
54-64, Mow. 2016, dod: 10.1016'.eper. 2016.06.043.

Elering. Aungstsprieguma fkls, Litgrid, “Baltic reserve capacity market
smdy,” Fun 2021, [Online]. Availsble: htps:elenng es/sites/'de-
fanly/files/2021-07 Market? o2 0test?e2 0smdy®e 2 0report_1 pdf

AST, “The Cabinet of Ministers of the Republic of Lanvia gives AST the
green Light to scquire, manage, and operate elecmiciny storage facilities
(batteries).”  htips:/‘ast Ivien/svents cabinet-ministers-republic-latvia-
gives-ast-grean-lishe-acquirs-mansge-and-operate (accessed Mar 03,
2023).

C_ Murray, “Construction starts on 2000MWh Fluence BESS projects in
Lithmania for 2022 completion,” Energy Storage Mews, Fun 30, 2022
hitpssWaWwW_ENETEY-510TaZe NEWS (Constmc tion-stans-on-2 00mwh-

[9]

[1]

[11]

[17]

[13]

[14]

[13]

fluence-bess-projects-in-lithmanis-for-2022-completion’ {accessad Mar.
08, 2023).

A, Zsh M. Miller, M. Haumann H. Hesze, A, Jossen, and B Witzmann
“Fumdamentsls of Using Battery Energy Storape Systems to Provide Pri-
mary Control Beserves in Germany,” Batteries, vol 2, no. 3, p. 20, Sep.
2016, dodi: 10,3390 bameries2030029.

I Fleer and P. Stenzel, “Tmpact analysis of different operation strategies
for battery energy storage systems providing primary control reserve,” T.
Energy Storage, wol. 8, pp. 320-338 |[Nov. 2016, doi
10.1016].est.2016.02.003.

T. Thien, D. Schweer, D. vom Stein, A Moser, and D. UL Saner, “Real-
world operating strategy and sensitivity analysiz of frequency contain-
ment reserve provision with battery energy storage systems i the ger-
man market” T v Storage, vol. 13, pp. 143-163, Oct. 2017, doi:
10.10167.25t.2017.046. 012

P. Hazampor Divshali and C. Evens, “Optimmm Operation of Battery
Storage System in Frequency Contamment Reserves Mamkets 7 IEEE
Trans. Smant Grd, vol 11, no. &, pp. 49064915, Mov. 2020, doi:
10,1109/ T5G.2020.2997924.

E. Groza, 5. Kiene O. Linkevics, and B Gicevzkis, “Moedelling of Bat-
tery Energy Storage System Providing FCE in Baltic Power System after
Synchronization with the Continental Synchronous Area,” Energies, vol
15, mo. 11, p. 3 May 2022, doi: 10.3390/en15113877.

Hord Pool AS, duct Specifications. Wordic/ Baltic Marker Areas.™
Dec. 07, 2022. Accessed: Mar 08, 2023, [Online]. Awailable:
htps:/www nordpool group com/4ac 203 globalassets'download-cen-
ter iles-and-regulatons product-specificatons-—nordic-and-baldc -
market-areas-valid-from-07.12 2022 pdf

Aungstzpriegmma tikls, “Annnal Statement of Transmission System Op-
erator for the Year 20217 2022, Accessed: Mar. 08, 2023, [Online].
Available: hrtps:aww. ast bv/sites/'defauly/Bles 'edi-
wr'AST_PS0_zinojums_2022_EMN%a2(nw2 pdf

142



Aigars Silis was born in Riga in 1982. He graduated from the University
of Latvia with a Bachelor's degree in Economics in 2007 and a
Professional Master's degree in Business Administration and Business
and Institutional Management in 2009. From 2004 to 2010, he worked
in the banking and financial sector companies Swedbank and Lindorff
Oy Latvian Branch. Since 2010, he has been the Head of the Market
Surveillance and Data Analysis Group at "Augstsprieguma tikls AS".
Since 2018, he has been a member of the Supervisory Board of the
European Single Capacity Auction Platform JAO and the Board of the
Association of Issuing Bodies of Certificates of Origin. His research
interests are related to renewable energy development and its impact
on the energy system.



	ABSTRACT
	TABLE OF CONTENTS
	LIST OF FIGURES
	LIST OF TABLES
	INTRODUCTION
	BACKGROUND AND RELEVANCE OF THE RESEARCH
	HYPOTHESIS, OBJECTIVE AND TASKS OF THE THESIS

	ANNEXES
	Annexes 1.
	/Annexes 1
	Word Bookmarks
	bookmark0


