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Abstract: The European Union sets targets for the extensive use of renewable energy. Meanwhile,
the energy production network is changing and transferring from the classic “producer to consumer”
scheme to new operation models, where a small consumer with local renewable energy systems
becomes a producer—prosumer, an active energy consumer who is also an energy producer. This
study evaluated a potential of Latvian households’ participation in the energy market as prosumers.
The analysis was based on an informal prospective extrapolation data evaluation method, based on
real historical data from the Central Statistical Bureau of Latvia, annual reports of distribution and
transmission system operators, assessments, and the conclusions of relevant experts. In addition, the
real performance of a photovoltaic (PV) system was evaluated to get information on the whole year’s
energy balance, and to compare it with seasonal electricity price fluctuation. The Latvian electricity
transmission system is able to accept about 800 MW of additional new renewable energy source
(RES) capacity, so there is a great potential for prosumers. The biggest obstacle for a household’s
involvement in the energy market is the lack of support mechanisms and relatively high cost of RES
technologies. The results show that with the current dynamics of new microgenerator connections,
Latvia will achieve the set goals regarding the involvement of prosumers in the achievement of RES
goals only in the next century. In order to attract the public to energy production, the concept of
energy community needs to be defined in Latvian legislation, a balanced peer trading mechanism
needs to be developed for various RES self-consumption groups willing to sell surplus electricity,
and tax policy conditions need to be reviewed for electricity transactions outside the NET (payment
system), in order to fully ensure the rights of prosumers.

Keywords: household energy consumption; renewable energy source (RES); microgenerator; NET
payment system; prosumer; energy market

1. Introduction

More than 80% of global energy production is based on traditional fossil fuels: coal,
oil and natural gas [1]. One of the most significant air polluters are fallouts resulting from
the burning of fossil fuel [2]. Over the last decade, natural gas consumption in Latvia
has remained fairly stable; however, its consumption may decrease in the near future
due to the installation of renewable energy systems, which increase the sustainability
of the systems [3]. Today, due to global environmental challenges like climate change
and increasing greenhouse gas emissions, energy production processes have to follow a
“decarbonization process”. Sustainable energy transition means not only the transition
from fossil to renewable energy sources, but also the improvement of energy efficiency
in the energy production process [4,5]. In particular, the articles of the Renewable Energy
Directive and the Electricity Market Directive send a clear message about the necessity of
strengthening the use of self-consumption in decentralized generation in each European
Union (EU) member state. The development of distributed energy resources—in particular,
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renewable energy sources and multi-generational systems—are promising opportunities
that could change the concept of energy production in the future from large centralized
power plants to local and distributed [6].

In our study, we analyzed policy documents that can influence the successful imple-
mentation of households as active consumers in the energy market. Both EU and Latvian
political documents, with a definite emphasis on Latvian conditions, were considered.

Recent decades have seen a strong trend towards the integration of renewable distri-
bution generation systems into the grid, and advanced management strategies have been
developed to ensure reliable, flexible, economical, and sustainable operation [7]. As the
share of renewable energy in the EU increases (more than doubled between 2004 (9.6%) and
2019 (19.7%)) [8], the share of energy cooperatives (active consumers as active participants
in the energy system) active in the energy transition has risen too, which confirms the
important role of energy cooperatives in the transition to renewable energy systems in each
EU member state [9]. With more than 500 million inhabitants, around 216 million house-
holds, and around 20 million small businesses, it is clear that there is a huge potential for
active citizens in the EU’s energy or consumer circles [10]. Energy-efficient public—private
partnership schemes, as part of the 7th Framework Programme and Horizon 2020, aim to
develop affordable technologies and solutions for building and district scales [11]. The role
of “citizen energy” in the energy perspective in the EU energy transition process could be
remarkable: over 112 million energy citizens could provide up to 19% of Europe’s electric-
ity demand by 2030; by 2050 this could increase to up to 45% of total electricity demand,
including collective projects up to 37% [10]. It is widely acknowledged that peer-to-peer
energy trading will provide a solid basis on which to strengthen the rapid, convenient, and
competitive use of energy by maximizing the reserve capacity of energy prosumers [12].
Prosumers are individuals, groups of people, households, or farms that can function in an
organized way—for example, through associations, foundations, or cooperatives—that are
both producers and consumers of energy, produced in small installations in courtyards or
in residential or commercial buildings (for example, miniature wind turbines, photovoltaic
(PV) panels, solar panels, and heat pumps) [13]. The EU has no specific legislation on
prosumers, self-production, or self-consumption, and there is no general definition of pro-
sumers. However, the Energy Efficiency Directive, the Renewable Energy Directive, and the
State Aid Guidelines contain provisions for small electricity producers. The EU Parliament
called for a common definition of prosumers in the EU and for new energy legislation, with
measures to stimulate investment in its own production capacity [14]. The transition to a
low-carbon-based renewable energy system creates a new role for citizens, from passive
energy consumers to active energy people—the so-called renewable energy (RE) prosumers
in each EU member state [15]. For the successful establishment of prosumer communities,
each prosumer must be considered in the community’s load balance as a microgrid, while
minimizing the total cost of energy received from the network during the relevant period
of operation [16]. The power grid transfers energy from remote areas (where power plants
are located) over long distances to residential consumption centers [17]. Generally, the
best decision is to have a RE system in the center of small communities (1-5 houses), in
clusters to provide all communities with electricity with minimal energy losses and voltage
drops [18].

The long-term objective of Latvia’s National Energy and Climate plan (NECP) 2021-2030 [19]
(one of the main energy planning documents in Latvia) is to promote a climate-neutral
economy by improving energy security and the well-being of society in a sustainable,
competitive, cost-effective, secure, and market-based manner. To achieve the objectives of
the plan, the areas of action were identified among the defined actions. The present study
focuses on the following two:

e  Promote the use of technologies with negative emissions in electricity generation;
e  Promote economically viable energy production and self-energy consumption.

Despite the fact that the introduction of energy efficiency measures in Latvia is widely
reported, there is still a lack of public information and educational measures to promote
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renewable energy sources [19]. Results of one study [20] show that renewable energy
business models are highly dependent on different national, contextual environments,
such as policy frameworks, transaction costs, the electricity market, and the construction
industry and consumer factors.

Considering that important aspects for the development of prosumers (in Europe, as
well as in Latvia), such as the development of new technologies, the choice of appropriate
organizational and financial models, and political and financial decisions, are still far from
being able to implement the innovation approach, an analysis of possible participation of
households in the energy market can contribute to involving citizens in energy production
and self-consumption, which will promote the efficiency and sustainability of the energy
market and the functioning of the energy system.

The movement of prosumers in Latvia is at an early stage of development. However,
there are various initiatives, including small enterprises, municipal, and individual citizens
that incorporate the features of energy prosumers or renewable energy source (RES) projects.
Various RES are used for electricity generation in the residential sector, such as solar and
wind energy. Solar energy is the most common form of renewable energy, due to its many
benefits: it is available in many locations, has low operating costs, and can be adapted
to small decentralized systems [21]. At the same time, the use and growth of PV systems
makes it possible to increase the electrification of transportation: powering electric vehicles
with electricity supplied by PV panels is efficient and profitable [22]. Solar energy can
play a major role in reducing greenhouse gas emissions from the electricity sector [23].
PV panels, solar collectors, and heat pumps (HP) are the most popular equipment for the
household energy generation in Latvia. HPs are environmentally friendly technology, using
renewable energy that does not produce exhaust gases while heating any space, especially
if the compressor of HP is driven by green electricity [24]. The combined system has a
higher coefficient of performance, and the comparison of the data derived from electricity
demand shows an energy savings of 40%; this can also be expressed as a 2.08 (tCO, /year)
carbon footprint reduction [25].

This article aims to conduct an analysis of Latvian households’ potential participation
in the energy market as prosumers, providing an overview and analysis of the technological,
financial, and motivational obstacles and aspects that exist in the Latvian energy policy.
Our research also includes a detailed analysis of the current situation of public involvement
in electricity production in Latvia.

The most significant sources of electricity generation in Latvia are the Riga natural
gas combined heat and power plants TEC-1 and TEC-2, with a total installed electrical
capacity of 976 MW in 2019, and the Daugava cascade hydro power plants (HPPs) with an
installed capacity of 1558 MW [26]. The total installed electrical capacity in Latvia was 2915
MW in 2019; other RES power plants, excluding Daugava HPP, make up just 9% (wind,
small hydropower, solar power plants, and biomass and biogas cogeneration plants) [27].
The Daugava HPPs have a high proportion of installed capacity, but considering their
fluctuating generation, which is significantly dependent on climatic conditions, natural
gas cogeneration plants still play an important role in Latvia’s energy supply. In 2017,
under favorable conditions for the operation of HPPs, the local generation covered Latvia’s
electricity consumption at the amount of 101%, while in 2019, under significantly less
favorable conditions, only at the amount of 84.7% [28]. It follows from the above that elec-
tricity production in Latvia is characterized by low diversification of energy sources, which
significantly affects self-sufficiency in energy dependence on imported fossil sources [19].

In March 2020, 573 microgenerator connections (up to 11.1 kW) were registered in
Latvia. Their total installed electrical capacity was 3.4 MW, which is a small part (~0.1%)
of the total installed electrical capacity in Latvia. It is calculated using permits issued in
accordance with Cabinet Regulation No. 883 of 11 August 2009, “Regulations on Permits for
Increasing Electricity Generation Capacities or Introduction of New Generation Facilities”
(as of 30 June 2020).
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Ninety-eight households of these 573 connections sell stored energy to energy traders
for commercial purposes: the electricity trader buys electricity at the price at which he
would be able to sell it on the market, covering his own costs, but without distribution
and transmission service costs or the mandatory procurement component (OIK), and the
electricity producer bilaterally agrees on the terms of cooperation. According to the data of
the Ministry of Economics on the connections of microgenerators, the absolute majority of
them generate energy using renewable energy resources (98% is solar energy).

At the same time, there are households and legal entities that install higher capacity
equipment for their own energy production, and there are currently no incentives avail-
able for legal entities [17]. Up to June 2020, the Ministry of Economics (ME) had issued
282 permits to increase electricity generation capacity or introduce new generation facilities
that do not meet the requirements for microgenerator connections [24]. According to the
information of the ME on issued permits, 46% of them use solar energy and 30% use wind
energy to generate electricity; the rest also use RES hydropower or biomass cogeneration
plants. Thirty-seven percent of electricity is produced for their own consumption, and only
4% of the permits have been for households and other legal entities.

If a permit to increase electricity generation capacity or to introduce new genera-
tion facilities is received, it is not guaranteed that the rights to sell electricity produced
from renewable energy sources or to sell electricity produced in cogeneration within the
framework of mandatory procurement (OIK) will be acquired [26].

Latvia’s National Energy and Climate Plan 2021-2030 (Order of the Cabinet of Minis-
ters No. 46 of 4 February 2020), Article 4.8, described and adopted recommendations for the
improvement of legislation by 2030 for successful public involvement in energy production.

Analyzing this plan [17], it was concluded that there is only one support mechanism
in Latvia that can increase public involvement in the electricity market as a generating
consumer-NET payment system. In order to attract more households to participate in the
energy market as productive consumers—prosumers, major changes in Latvian legislation
are needed.

The NET system was introduced by Article 30 of the Electricity Market Law. It has
been valid since 1 January 2014. The NET system stipulates that households that produce
electricity for their own needs and transfer the surplus to the grid can use the NET payment
system, which allows them to accumulate generated units of electricity and use it during the
year, paying only for the mandatory purchase, distribution, and transmission components.
In March 2020, the NET system was used by 519 household consumers, and their total
installed capacity was 2.8 MW [26].

Other energy producers participate in the NET payment system, where the surplus
of produced solar energy is transferred to a common grid, used by the grid as storage,
and recovered when needed by paying distribution and transmission fees, as well as the
OIK. This payment accounted for about 40% of the total electricity price. On 7 April 2020,
the Cabinet of Ministers approved amendments to regulation number 50, “Regulations
Regarding the Trade and Use of Electricity”, simplifying the procedure for application of
the NET payment system for electricity (NET system). From 1 April 2020, households no
longer have to pay the variable part of the OIK for electricity transmitted and returned to
the grid.

Amendments to the regulations, which will further affect the users of the NET electric-
ity payment system, provide that excess electricity that is produced and not consumed can
be “accumulated”. In this case, the electricity “accumulator” is an electricity distribution
system, which is supervised by Joint Stock Company (JSC) “Sadales Tikls”. For the end
user, this manifests itself as follows: unused electricity produced from solar panels during
the day is returned to the network, which is accounted for by JSC “Sadales Tikls”. The
amount of electricity that can be stored in the electricity “accumulator” during the month
is fixed. If the amount of electricity consumed for several months is less than the amount of
electricity produced, accumulated energy will be added up. The network is like a battery
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with an accumulation period from 1 April to 31 March of the following year. On 1 April, a
new accumulation period begins, deleting the unused amount of kWh of the previous year.

It is clear from the national energy regulatory documents that the NET payment system
was introduced as a state support mechanism to promote the production of electricity
from renewable energy sources in general, as well as to promote the involvement of the
population in the production of renewable energy.

Our research is a part of a project aiming to balance energy demand by implementing
a high-level management system for building management, energy storage, and energy
exchange based on energy market dynamics and the short-term manipulation of parameters
in climate control systems.

The article is structured as follows: in Section 2, we include a description of the
method for collecting and processing information, as well as the possibilities of RES
(wind and PV); the use for energy production in Latvian households and also considered,
using an example of a real installation, for further possible PV users’ participation in the
energy market as prosumers in Latvian climatic conditions. In Section 3, we identified the
theoretical justification of the consumer introduction into the Latvian electricity market
and conducted an evaluation of real PV system electricity production versus dynamic
electricity price. In Section 4, we provided the results of our analysis, and made some
recommendations for changing the conditions of tax policy for RE prosumers.

2. Materials and Methods

Research based on data from the Central Statistical Bureau (CSB) of Latvia, energy
balances [29], annual reports of distribution system operator JSC “Sadales Tikls” (ST),
transmission system operator JSC “Augstsprieguma tikls” (AST) [30,31], the Ministry
of Environmental Protection and Regional Development [32], and the Ministry of Eco-
nomics [33,34], as well as on data from Latvian legislation acts [19,35,36] and publications
prepared by international organizations the European Economic and Social Committee,
International Renewable Energy Agency, CE Delft, European Parliament [5-14], and some
research works and publication [1,6,9,11,15,22,37], were overviewed and analyzed.

The analysis was based on an informal prospective extrapolation data evaluation
method. After collecting data on households and the types of RES used by them for energy
production (using the above sources—real historical data from the CSB, ST, and AST, as
well as comparative indicators prepared based on experts’ assessments), conclusions were
drawn about the past and present sustainable trends in the development and increase
of households using RES. As the data are very limited and based on publicly available
information, this forecasting method has been applied.

Taking into account the current situation in Latvia regarding supporting the partic-
ipation of prosumers in the energy market, various renewable energy sources for elec-
tricity generation in households will be considered. Following the analysis of Latvian
energy-producing households, wind turbines and solar panels, which are the most popular
equipment for generating electricity at home for final consumption, will be discussed.

2.1. Possibilities of RES (Wind and PV) Use for Energy Production in Latvian Households

In Latvia, wind generators with a total installed capacity of 78 MW (about 150 wind
turbines with different capacities in 2019) produced 152 GWh of electricity [29]. According
to the data of the Ministry of Economics, in 2019, 39 companies with 64.695 MW installed
capacity had permits to increase electricity generation capacity or for new generation facili-
ties, which received the right to sell electricity produced from renewable energy sources
within the framework of mandatory procurement (OIK). Permits for self-consumption
or for commercial use electricity generation (without OIK) from wind energy were only
issued to three private persons (0.0146 MW) and one farm (0.015 MW).

Due to the advantageous geographical position of Latvia on the shores of the Baltic
Sea, the western part of the country is exposed to the influence of southwestern winds,
which prevail in this region. The western territories of Latvia are covered with forest plains,
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and in the eastern part of the country there are hills up to 300 m high. Offshore wind flows
have significant potential for wind energy for generating electricity.

Depending on the type, wind turbines (WTs) start operating at a wind speed of
2.5-3.0 m/s and reach a maximum capacity of about 12-14 m/s. In case of very high winds,
about 25 m/s, the wind turbines stop operation to avoid damage.

Wind turbines are connected to the grid using back-to-back systems (voltage source
converters) that control the excitation system. This makes it possible to separate the me-
chanical and electrical rotor frequencies. Converters allow the control of active and reactive
power and voltage. Depending on the WT manufacturer, frequency and voltage can be
adjusted within different limits.

Wind turbines can be divided into two groups, according to the location of the turbine
axis of rotation: either vertical or horizontal.

In most cases, the wind turbine generator is used to start an autonomous load or as
a backup power source for the end user. WTs tend to be installed at a height of 10-25 m
above the ground.

Using the results of a previous publication [38] about the evaluation and dissemination
of wind energy potential in the territory of Latvia. Data on the average wind speed and
wind energy density in relative units, for example, at station atVenspils—average wind
speed 4.1 m/s, average cubic wind speed 5.4 m/s and relative unit 1; respectively at
Ainazi station—3.8 m/s, 4.7 m/s, 0.66; at Priekuli station—3.4 m/s, 4.5 m/s, 0.58; at Saldus
station—3.0 m/s, 3.9 m/s, 0.58; and at Daugavpils station 5—2.5m/s, 3.3 m/s, 0.23. Station
it is observation stations of the Latvian National Hydrometeorological and Climatological
Service of the Latvian Environment, Geology and Meteorology Centre.

According to the analysis of wind efficiency in Latvia [38], the most suitable region
for the installation of low-power wind turbines in Latvia is the eastern coast of the Baltic
Sea; the higher elevation in northeastern Latvia, as well as the western region and most of
central Latvian territory, are also considered suitable regions. In the rest of the territory of
Latvia, wind efficiency is lower—thus, the amount of electricity produced with low-power
WT decreases.

The supply in the low-capacity WT market is generally very large, and the choice
is therefore wide. The modern wind turbine will be designed to operate for 120 K hours
over an estimated 20-year service life. This will be a turbine that will run about 66% of
the time for two decades [39]. Normally, the electrical efficiency of WT is around 24%.
Operation and maintenance (O&M) costs represent a significant share of a wind turbine’s
total annual costs. For a new turbine, O&M costs can easily amount to 20-25% of the total
offset costs per kWh generated during turbine operation. If the turbine is relatively new,
the proportion may be as low as 10-15%, but may increase to at least 20-35% by the end of
the turbine’s lifetime. As a result, O&M costs are gaining more attention, as manufacturers
seek to significantly reduce these costs by developing new turbine designs that require
fewer regular maintenance visits and less turbine downtime [40].

The duration and intensity of sunlight depend on the season, weather conditions,
and the geographic location of the country. The annual global solar radiation incident on
horizontal surfaces in southern European regions can reach 2200 kWh/m?. In the northern
Europe, the maximum value of solar radiation is 1100 kWh/m? [2] (see Figure 1).

According to Figure 1, solar radiation energy in Latvia can be used for 1700-1900 h
a year. In Latvia, with 1 kW PV, it is possible to produce an average of 900-1000 kWh
of electricity per year: in summer months about 130-140 kWh per month, and in winter
months 5-25 kWh per month. It can be concluded that the use of solar energy in Latvia for
electricity will pay off only with highly efficient technologies and at the lowest possible
capital investments [33].

PV is offered on the Latvian market by several manufacturers. Before choosing the
manufacturer, it is necessary to make sure that the PV complies with the distribution system
operator’s microgenerator connection requirements. The overview of electricity traders’
offers shows the main electricity traders that also offer PV installation. Prosumers need to
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make sure that the electricians contracted by the PV dealer have the appropriate certification
for the installation of the microgenerator. This is required to obtain a distribution system
operator PV installation permit.
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Figure 1. Photovoltaic (PV) power potential in Latvia [41].

In Latvia, PV installation is also offered by electricity traders, such as Enefit Ltd.
(Tallinn, Estonia), JSC Latvenergo-Elektrum (Elektrum Solar) (Riga, Latvia), etc. Companies
offer to support PV installation, including the development of consent, paperwork, PV
delivery, and installation. Enefit and Elektrum have developed calculators where any
interested person can calculate the required PV system with possible costs: https://www.
enefit.lv/en/majai/saules-paneli; https:/ /elektrumveikals.lv/en/home/elektrum-solar/
solar-guide (accessed on 19 March 2021).

The principal problems of solar and wind energies are the seasonal, daily, or in-
stantaneous variations due to dependence on weather conditions, meaning the power
generation is stochastic. It is needed to coordinate all connections to the network with
operators, because solar and wind energy are unstable and change the voltage profile and
frequency response of the system. This affects the transmission and distribution systems of
the utility grid.

2.2. Example of PV Installation in Latvia

Of the Latvian households that have registered as electricity producers under the NET
system, 98% use solar energy. As mentioned above, the NET system is not applied to legal
entities in Latvia. Based on our example of PV use, we want to determine the possibility of
the participation of relatively large installations (on average, Latvian households install
systems with a capacity of 5-6 kW) that can unite several households into cooperatives, and
evaluate the possible benefit of using the network as storage (NET system), considering
the price dynamics in the Nord Pool market.

For example, a real working PV installation was analyzed in order to get data on the
real working parameters of the solar system in Latvian climatic conditions. The system
consists of 350 panels (each panel power is 300 W), 175 optimizers, and 3 inverters. The
peak system peak power was 105 kWp, the installation angle was 30°, and the orientation
was to the southeast (SE).

3. Results and Discussion
3.1. Theoretical Justification of Consumer Introduction in Latvian Electricity Market

In accordance with the Latvian National Energy and Climate Plan, the main energy
planning documents have been developed up to 2030, and all calculations will be performed


https://www.enefit.lv/en/majai/saules-paneli
https://www.enefit.lv/en/majai/saules-paneli
https://elektrumveikals.lv/en/home/elektrum-solar/solar-guide
https://elektrumveikals.lv/en/home/elektrum-solar/solar-guide

Clean Technol. 2021, 3

444

by 2030. After data analysis, taking into account the probability of electricity production in
Latvia and applying the climatic correlation, the average amount of electricity production
per year was assumed to be about 6.56 TWh/year.

Public participation in energy production can also help achieve the goals set for
Latvia, but this impact is currently small. Analysis of the data on the permits issued by
the Ministry of Economics to increase the capacity of electricity production or to commis-
sion new production capacities has revealed the growth dynamics since 2016 to be an
average of 100 connections of new electricity microgenerators per year. Using baseline
data and a prospective extrapolation method, the number of potential new compounds
was estimated to be about 1580 by 2030. The study considered only the users of the NET
system, since other households using microgenerators for their own consumption cannot
be predicted—they do not use a common electrical grid to store electricity generated from
renewable energy sources.

NET system prosumers installed system power is from 1 kW to 11 kW, and the total
installed capacity in March 2020 was 2800 kW [26]. The average power of RES technology
is 5.4 kW—in the calculations, its power is accepted as an assumption. In order to not reach
the critical value of 3% (which would cause a need for network reconstruction) of the total
generated electricity by prosumers, it was determined that by 2030 there should be about
40,300 prosumers connected to the electricity grid, which means that it would be necessary
to connect about 4030 households each year. It can be noted that such an increase is difficult
to achieve in Latvia, but still it is possible.

The impact of the NET system established in Latvia at the moment is small. Approx-
imately 2 GWh/year of electricity is transferred to the network using the existing NET
system, but this amount will not practically affect the expected energy consumption in
2020. It will constitute about 0.004% of the total electricity consumption [29].

Applying the accounting to all electricity produced by prosumers (in total electricity
produced by prosumers, including direct consumption), the NET system participants’
impact on energy consumption would increase by 30% of the total energy consumption in
Latvia [33].

According to Latvia’s National Energy and Climate Plan 2021-2030, the Latvian
electricity transmission system is capable of accepting up to 800 MW of additional capacity
from new RE plants, which is about a third of all electrical capacities currently installed in
Latvia. This is mainly the case for large energy producers (who will transmit electricity
to the grid), but in terms of public involvement in the energy market, there is, of course,
the potential to become a prosumer and use the network via the NET system as a storage.
The biggest obstacle for public involvement in the energy market is the lack of support
mechanisms and RES technologies that have a relatively high cost and long payback period.

Taking into account the fact that the majority of Latvians live in apartment buildings
(74.2% CSB data), there is great potential for prosumers if apartment owners become
active consumers of electricity (to produce energy for self-consumption) by merging into
apartment house associations/cooperatives and making energy communities.

The use of solar energy for electricity generation is one of the suitable options that
could be realized in the case of households. However, it is important to note that many of
the legal forms that could be used for the development of prosumers’ energy community,
such as cooperatives, Ltd. and etc., cannot currently use a NET system, as it is no longer a
household but a legal entity. At the moment, the NET system is the only support mechanism
in Latvia that can stimulate consumers to become prosumers.

In view of the provisions of the EU RES Directive [42], which stipulates that energy
communities should receive the same support as households, it would be advisable to
change the existing legislation framework in Latvia. The prosumers’ energy community
project is usually understood as a project for the generation of energy, using renewable
energy sources for self-consumption and energy transmission to the grid, carried out by
communities, such as residents’” communities, cooperatives, apartment owners” associ-
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ations, several private house owners together or separately with the municipality, and
private companies or other consumers.

Thus, the prosumers” energy community aims to reduce dependence on foreign
fossil fuels, increase energy self-sufficiency, promote cooperation in smaller-scale energy
networks, and increase shared democracy and social benefits. The energy community
has a key role to play in the forthcoming energy transition, as we move from traditional,
centralized energy systems to a more decentralized model. At present, the concept of
energy communities is not clearly defined in Latvia, and so far, no such initiatives have been
developed, and the establishment of such communities has not been specifically supported.

3.2. Evaluation of Real PV System Electricity Production Versus Dynamic Electricity Price

The use of solar energy is an environmentally friendly way to cover, for example,
the electricity consumption of air conditioners in summer. Solar radiation has a direct
interrelation with indoor microclimates; hence, the need for space cooling is at the same
time when solar radiation intensity is increasing. The highest PV system efficiency is from
March to August (see Figure 2). In the remaining months, about 10-15% of the total annual
electricity production is generated. From October to February, the potential of solar energy
is minimal, and cannot ensure the continuous sufficiency of electricity produced without
an additional energy source.
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Figure 2. Real PV system electricity production capacity.

The study considered a real PV system, taking into account the possibility of evaluating
the use of such a system to create an energy prosumers community. In this case, it is possible
to connect up to 40 private houses or 3—4 standard five-story apartment buildings to the
system. There are approximately 38,933 multi-apartment buildings in Latvia; the greatest
portion of residential buildings is five-story buildings [43].

Figure 3 shows the average electricity power of a private house (data obtained from
a smart meter) and the amount of electricity produced every hour by the PV system
in one working day: 15 May 2019. The average monthly consumption of this house is
400-500 kWh.

The analysis of [44] shows that a PV system produces the largest amount of electricity
when the consumption is low in the household. Therefore, the possibility for consumers
to transfer excess electricity to the grid of neighbors should be considered. For balancing
purposes, households and small commercial consumers can become prosumers, usually
changing their electricity load profile depending, of course, on the amount of electricity
produced, as well as on the optimization of consumption and the management of the
demand side. Figure 4 shows an illustrative example of the prosumer load profile in the
case of daily solar energy production.
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Figure 4. Dynamics of Nord Pool average Elspot prices.

In Latvia, the opening of the electricity market was implemented gradually in accor-
dance with the Electricity Market Law. In 2007, the market was opened to merchants with
a large amount of electricity consumption. Starting from 1 April 2012, electricity users with
medium-high electricity consumption were involved in the market, and as of 1 November
2012, other merchants could also purchase electricity on the free market. From 1 January
2015, the market was opened to households. In the total electricity market consumption,
the electricity consumption of merchants makes up 75%, and 25% accounts to the electricity
consumption of households [30]. Currently, one nominated electricity market operator
(electricity exchange), which is Nord Pool, operates in Latvia. Nord Pool has average Elspot
price data from July 2013 to September 2020, the analysis of which is shown in Figure 4.

Electricity prices are determined by various factors, such as fuel structure, cross-border
interconnections, market interconnection, concentration of market suppliers, weather
conditions, etc.

Figure 5 shows that in long term, average electricity prices during March-May are
the lowest, while PV arrays work on maximal capacity. This specific should be taken into
account during an economic analysis of investment in PV arrays.
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Figure 5. Real PV system electricity production versus dynamic electricity price.

4. Conclusions

Our study is limited across Latvian climatic conditions and similar countries, since
it is directly related to RES use. The results of the study are highly dependent on the
input data. In the course of this study, the main shortcomings were related to electricity
consumption data unavailability from households and electricity production data using the
NET system. Energy consumption/production data for the electricity trading market are
protected by Article 19 of the Commercial Law; therefore, the calculations were based on
publicly available, real historical data from the CSB of Latvia: annual energy balances, as
well as annual reports of the distribution system operator ST, transmission system operator
AST, Ministry of Environmental Protection, and Regional Development and Ministry of
Economics of Latvia.

During the review of the current situation in Latvia, it was found that there are 573 mi-
crogenerator connections (up to 11.1 kW) registered in Latvia. Their number will definitely
increase, as electricity traders are also actively offering both solar panels and other elec-
tricity generating equipment. If the state starts subsidizing or providing support to small
producers, the development dynamics of microgenerators will certainly be much higher.

In order to involve more citizens in the electricity market, it is essential to ensure an
appropriate regulatory framework that will encourage such initiatives. Thus, for example,
the NET system could also be applied to legal entities, considering the cost of providing the
connection/cost of using the infrastructure. Also, in accordance with EU regulations, it is
necessary to develop conditions to facilitate the procedures for prosumers working together
(for example, residents of apartment buildings); it is also necessary to develop a regulation
for renewable energy prosumer communities. Next, the inclusion of communities among
the beneficiaries when developing different support mechanisms must be evaluated.

Analyzing the private household sector, there are strong chances that this sector will
become a prosumer too, and this process depends only on the owner’s opportunities.
Private households can easily become prosumers by connecting a microgenerator and
becoming a NET system user. In order to fully ensure the right of prosumers to sell
surplus electricity, it is necessary to develop a balanced, peer-to-peer trading mechanism
for various RES self-consumption groups, as well as to revise the conditions of the tax
policy for operations with electricity outside the NET system.

An analysis of the real PV array has shown that the highest peak of production is
achieved during March—June, while the electricity market price is the lowest.
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The next part of our project will focus on detailed analysis and simulation modeling
of the implementation of prosumers in the energy market, with a high penetration of RES,
as well as possible energy storage and profitable economic solutions for RES integration
into the Latvian energy system.
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