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Abstract— The share of photovoltaic installations in the 
residential sector and industry has significantly increased during 
the recent years. To support this tendency, energy utilities and 
national governments are looking for novel flexible solutions. 
One of the promising approaches is creation of energy 
communities, which can reduce the electricity costs and create 
conditions for investment in local renewable generation for end 
users with limited capital. This article aims to analyse the 
profitability of individual photovoltaic installations versus energy 
communities. Based on the obtained results, the ways to reduce 
the cost of energy for prosumers and to choose the most feasible 
development options for a future power grid are suggested. This 
study is focused on the particular case of the solar communities 
and their development in Latvia. The profitability of net 
metering systems has been also considered. The article 
demonstrates that energy communities can generate more 
additional income for the participants, compared to the sum of 
incomes of individual prosumers with local photovoltaic 
generation. Such promising results should encourage ordinary 
consumers to participate in projects of energy communities. The 
results of this study could be adopted by decision-makers such as 
government agencies, companies, PV owners, and they are 
recommended for potential investors for the development of solar 
communities. 

Keywords— renewables, energy community, prosumer, net 
metering system, avoided costs 

I.  INTRODUCTION  

Energy communities (ECom) can support national and the 
European Union’s (EU) climate and energy goals aimed at 
elimination of fossil energy sources and thoughtful social 
transformation (“Clean Energy Package”) [1]. This movement 
stimulates the development of local decentralized energy 
networks, promotes public acceptance of the transition to new 

energy models, increases energy security, reliability, and 
resilience of the whole system, and provides opportunities for 
local economic growth [2, 3]. 

The main role of ECom is to create conditions for 
investment in local renewable energy sources (RESs) for 
individuals who do not have much capital. ECom may help to 
reduce power losses due to mitigation of bidirectonal power 
flow effects and have flexibility to act as a system generator or 
as a self-consumer, also selling the surplus of electricity to the 
grid. While operating as a single entity, ECom can be more 
promising in terms of additional income for the participants, 
compared to the sum of the incomes of individual prosumers 
with local photovoltaic (PV) generation. Such an advantage 
can be achieved by means of a strategic operation, which is 
focused not on maximizing the profit of each user separately, 
but on raising the profitability of the ECom as a whole. 

Rapid spread and development of ECom in EU countries is 
associated with important challenges, particularly: evaluating 
the profitability of ECom; reducing the cost of energy for 
prosumers. 

A significant amount of research has been devoted to the 
opportunities and challenges associated with support schemes 
for prosumers. The most common schemes are: a feed-in tariff, 
investment support and a net metering system (NMS). The 
NMS works only for grid-connected systems. What makes it so 
beneficial, besides offsetting a home’s energy consumption, is 
that the excess energy sent to the utility can be sold back at 
retail price [4]. For ECom participants, a virtual NMS is used 
[5]. Like net metering for rooftop solar power, a virtual NMS 
allows households to receive the net metering credits 
associated with a renewable energy project installed at a remote 
location. These credits are worth as much or close to as much 
as what the households would pay for electricity from their 
utility. 

Several publications [6-11] underline the importance of 
analysing the technical and economic aspects of NMSs for 
ECom and roof PV prosumers, using energy saving 
calculations, assessing the payback period (PP), the internal 
rate of return (IRR), and the effect of billing policies on the 
profitability of PV investment. For instance, in [6] the authors 
investigate the profitability and optimal installation capacities 
of PV systems for ECom in comparison to individual buildings, 
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considering constructions ranging from urban to suburban and 
from historical urban to rural areas. The results show that the 
profitability of optimally-sized PV systems increases when 
forming ECom, while loads with varied profiles demonstrate 
better synergy effects and a higher cost-saving potential. [7] 
assesses the potential economic benefits of a cluster of 
buildings acting collectively as an ECom, comparing its 
performance with a configuration where the customers act as 
single self-consumers. The sensitivity analysis carried out on 
system and transport charges of the electricity bill show that 
ECom can be less attractive for investors and citizens without 
proper supporting schemes. 

In [8], a comparison of the economic and energy-related 
aspects between net metering and battery energy storage is 
presented for the Lithuanian context. The simulation results 
reveal low attractiveness of battery energy storage for 
prosumers in cases where the net metering option (i.e. using 
national networks as “virtual batteries”) is available, which is 
due to high installation costs for batteries. [9] analyses the 
financial possibilities for prosumers under German market 
conditions and determines the economically optimal solution 
for different domestic household sizes. The obtained results 
demonstrate the financial advantages for all household sizes to 
operate as the largest PV system possible for them and, by 
contrast, show that investment in a battery energy storage does 
not pay off even when government subsidies are considered. 
Regardless of the size of the selected battery energy system and 
all other influencing variables, the financial advantages of such 
a system do not materialize, although a battery energy storage 
does substantially increase the self-sufficiency rate [9]. The 
impact of billing policy on the profitability of investment in 
prosumer schemes in Ontario, comparing NMS or options 
related to going off grid, is analysed in [10]. Here, the authors 
conclude that if the annual bill increase goes beyond 4% and 
the decreasing trends in the cost of technologies are 
maintained, off-grid operation will become profitable by 2030, 
while it is not attractive otherwise. 

Although the contribution of the above studies is 
significant, a cost-to-benefit comparison of the strategic 
(planning) decisions aimed at installation of local PV 
generation (to enable prosumers) versus deployment of 
medium-scale ECom has not been reported in scientific 
literature. Neither has the profitability of NMSs been 
considered, while comparing ECom with self-consumer and a 
prosumer options. With this in mind, the present research will 
be focused on the feasibility comparison of future grid 
development options, namely, multiple prosumers vs. energy 
communities. The main goals of the research are (1) to evaluate 
and compare the results of cost-benefit analysis for two 
alternatives: when the prosumer is an owner of roof PV and 
when the prosumer is a participant of an ECom; (2) to evaluate 
the profitability of ECom vs. individual prosumers, taking into 
account the results of the economical evaluation of the 
planning decisions. To achieve these goals, several detailed 
scenarios of forming medium-scale EComs (neighborhood 
level) are elaborated, taking into account various load types, 
their real profiles, and historical data for typical consumers 
within the power distribution systems. This study is focused on 
the particular case of solar communities (SCom) and their 

development in Latvia. It should be noted that Latvia has an 
NMS to support residential RESs [12]. 

The main contributions of this article are as follows:  

- The advantages and shortcomings of SCom vs. individual 
prosumers are identified and summarized; 

- A new option for creating a billing system for SCom 
prosumers to increase the benefits from the formation of 
this community is proposed; 

- Based on long-term forecast of changes in market prices 
and taking into account the aging of PV installations, the 
NPV of the cash flow, the IRR, the levelized costs of 
consumed energy (LCOCE) and the PP for a SCom 
prosumer and a roof PV prosumer have been estimated 
and proven. 

This study creates a base for upscaling and can serve as a 
fundamental background for planning decisions aimed at 
reinforcing power distribution systems with individual PV 
generation units or at incentivising the formation of SComs.  

The results of this study could be adopted by decision-
makers such as government agencies, companies, PV owners, 
and they are recommended for potential investors for the 
development of SComs. 

The rest of the article is organised as follows. Section 2 is 
devoted to the description of the methodology, models, 
constraints, the rules of the electricity billing system. Section 3 
contains a description of the initial data and assumptions and 
reflects the results of the economic comparison of photovoltaic 
roof prosumers vs. energy communities. The key conclusions 
are summarised in Section 4. 

II. MATERIALS AND METHODOLOGY 

A. Profitability assessment of participating in an SCom and 
installing roof PV equipment, considering NMS 

Before taking any action on the project (installing roof PV 
equipment or participating in an SCom), it is important to 
assess the attractiveness of both options compared with each 
other. This affects the decision or the course of action that must 
be taken by the investor (in our case, the prosumer). The 
profitability study identifies the strengths and weaknesses of 
the project and helps decision-makers to choose a proper 
planning path, depending on the financial condition of the 
prosumers. 

For profitability assessment, decision-makers use a number 
of economic criteria, such as the NPV of the cash flow, IRR, 
PP, and LCOCE. In this paper, we estimate all of the above 
criteria. The formulas used for the various criteria are described 
in [12-14]. The IRR equation is taken from [15].  

To analyse the profitability of an NMS for each type of 
prosumer (a PV roof prosumer vs. an SCom prosumer), several 
tasks are to be completed: 

- Collection of the historical data on PV generation, 
electricity market prices and load consumption for different 
types of prosumers; 
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- Analysis of the electricity billing system for cases when an 
NMS is applicable/not applicable, for the country 
considered; 

- Forecasting of the input processes: the prosumer’s 
consumption, PV-generated energy, and electricity market 
prices; 

- Modelling of NMS rules for the country considered; 

- Calculation of the avoided costs (AC) (i.e. the difference 
between the costs when PV technologies are not used and 
the costs when PV technologies are used). 

B. Collection of historical data 

We use historical data of hourly measurements of the 
following input processes: the end user’s energy consumption, 
photovoltaic generation, and the market prices for electricity. 
Big data on electricity consumption were collected from more 
than 100 Latvian consumers. In our case study, we consider 
different prosumers, whose annual electricity consumption is in 
the range from 18,000 to 90,000 kWh. 

The generated electricity from PV technology is assessed 
on the basis of hourly data obtained at a solar facility in Latvia, 
in the city of Jelgava. The data are taken from the open access 
database SolarEdge [16]. The electricity market prices are 
taken from the Nord Pool market database [17]. 

C.  The cost of energy 

In this paper, we use the Latvian model and tariffs for 
electricity billing [18, 19]. The electricity bill in Latvia 
contains the following: a fixed payment for the connection (the 
distribution tariff (DT)), a fixed mandatory procurement 
component (MPC) based on the capacity for the connection, a 
variable payment for electricity distribution and a mandatory 
procurement component which depends on the electricity 
consumption from the grid as well as the energy market price. 
All the prosumers pay the fixed payment depending on the 
capacity of their connection at any time moment. 

D. Modelling of the NMS rules 

The algorithm for estimating annual expenses, considering 
the Latvian NMS, is presented in detail in [12]. On April 1 
2020, the Cabinet of Ministers of Latvia approved amendments 
to the regulations on electricity trade and use, which simplify 
the procedure for applying the NMS. With the approved 
amendments, NMS users are exempted from payments for the 
variable part of the MPC — the amount of electricity generated 
by prosumers, which they transfer to the grid and receive back 
from the grid within a year [20]. Changes in the energy billing 
system have been taken into account in this article. 

E. Calculation of avoided costs  

The cost-benefit analysis for PV feasibility assessment is 
performed according to [12, 21, 22]. The benefit for the end 
users is defined as the difference between the cost of energy in 
case with no PV installed and the cost of energy with PV 
technology. 

F. Forecasting procedure 

The forecasting procedure is part of the overall profitability 
assessment of the project. The complexity of the forecast 
depends on the length of the planning period. There are many 
methods presented in scientific publications. For this study, we 
have chosen two forecasting methods: the Fourier transform 
(for the electricity price forecast) and the naive forecasting 
approach (for PV generation and the energy consumption of 
the prosumers). All these methods are described in our 
previous publications in detail [12, 23].  

III. CASE STUDY 

A. Object under review 

For the hourly load of end users, time series collected by 
the automatic energy metering system are used, covering the 
whole year and different types of customers. For this study, we 
have selected several end users with 18 766.14 kWh, 88 
821.45 kWh, 90 508.73 kWh annual energy consumption. 
According to [24], with a 1 kW PV, an annual average of 
1000 kWh of electricity can be generated. Based on these data, 
we have divided the end users into three groups: 

1. A group of 14 end users with an installed PV capacity of 
18 kW each (the total installed PV capacity is 252 kW). 

2. A group of 6 end users with an installed PV capacity of 
88 kW each (the total installed PV capacity is 528 kW). 

3. A group of 3 end users with an installed PV capacity of 
90 kW each (the total installed PV capacity is 270 kW). 

For the case study, we consider a total of seven cases for 
comparison. Base case (Case 1): the end user does not have any 
PV installations. Case 2: the prosumer has rooftop PV 
generation, and a loan was taken to invest in PV installation. 
Case 3: the prosumer has rooftop PV generation, and no loan 
was taken. Cases 4, 5: the prosumer is a participant of an 
SCom, and a loan was taken to invest in PV installation. Cases 
6, 7: the prosumer is a participant of an SCom, and no loan was 
taken. For the cases 4, 5 and 6, 7 (SCom prosumers) we 
identify two different scenarios: 

1. The existing billing rules are used, according to the type of 
each consumer (cases 4 and 5). The DT and MPC values 
for SCom are presented in Table I (before slash).  

2. We assume that calculation of a capacity-based connection 
fee for SCom is carried out according to the PV roof 
prosumers’ tariffs (0.4 kV bus tariffs) (cases 6, 7). In other 
words, we affirm that the SCom owners have the right to 
pay for the power connection at a reduced rate (Table I). 
The DT and MPC values after the slash are shown for this 
scenario (marked blue). 

Below we present an example of the profitability of a new 
1 MW solar plant, considering that this plant belongs to the 
community of 23 prosumers. The hypothetical plant is a 
participant of the Nord Pool day-ahead electricity market and is 
connected to a distribution grid (10 kV). Besides, we assess the 
profitability of roof PV installation for each end user. The 
simulation was performed in MATLAB and Microsoft Excel; 
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B. Input information and assumptions 

The following conditions and assumptions are considered 
during the simulation: 

- The charges for system services or distribution and 
transmission services are applied in accordance with the 
existing pricing policy [18]. The mandatory procurement 
component fee is applied in accordance with the pricing 
policy of 2021 [19, 20] (see Table I); 

TABLE I.   DT AND MPC VALUES FOR PV ROOF PROSUMERS 
AND  SCOM OWBERS (ALL THE DATA ARE INCLUSIVE OF VAT) 

-  The NMS billing period for roof PV prosumer is 
maintained according to the valid legislation, i.e. from April 
1 till March 31. The debt (energy credits) of the power 
system at the end of the billing period is annulled, and a 
new period begins;  

- The virtual NMS billing period for the SCom prosumer 
begins from April 1. The debt of the power system at the 
end of the year (March 31) is not annulled but is shifted to 
the following year; 

- Nord Pool day-ahead electricity price records from April 1, 
2020, to March 31, 2021 are used as a base year for long-
term forecasting;  

- The market price service is equal to 0.0056 €/kWh [25]; 

- Roof PV equipment is installed at an angle of 30 degrees 
and is all located on one roof, in one plane; 

- The 1 MW PV plant is connected to a 10 kV bus with an 
80 A input protection device; 

- Roof PV prosumers have 3-phase connection with a 32 A 
input protection device, the operating voltage of the 
electricity generation equipment does not exceed 400 V; 

- The loan interest rate is supposed at 3.0% per annum [26]. 
The discount rate is assumed to be 1.6% per annum [27]; 

- The credit period is expected to be equal to the equipment 
service life — 25 years [28]; 

- The operation and maintenance costs  are assumed at 1.5% 
of the investment amount [29];  

- Solar plant investments are assumed at 880 €/kW [30]; 

- Roof PV investments are assumed to be by 30% higher 
than for a 1 MW plant, 1150 €/kW;  

- We review two examples of NPV, LCOCE and IRR 
evaluation. The first one entails applying a loan and the 
second one involves no loan. 

- The energy losses in the grid, the additional costs of 
operating the new connection and the economic losses 
arising from interruptions in energy supply are not taken 
into account; 

C. Results 

The resulting energy production and the AC from the PV 
installations by year are given in Fig. 1 and Fig. 2. The results 
are shown for 18 kW PV capacity (the first group of 
prosumers). It is worth emphasizing that the same trends of 
results can be traced with other PV power rates.  

As can be seen, PV generation is constantly decreasing 
through the years due to the degradation of solar cells, and, 
consequently, the self-consumption is going down. 

 

Fig. 1. Power generation by year (the PV capacity is 18 kW) 

 

Fig. 2. Avoided costs (AC) (the PV capacity is 18 kW) 

As can be seen from Fig. 2, the AC varies for different 
years. This is caused by completely different growth rates of 
average forecasted annual prices, which are shown in Fig. 2 
with the blue line. It should be noted that the AC for the 
SCom’s base case (with no PV generation units) were 
calculated as the total costs for all the three groups (23 
consumers), with respect to the connection types and tariffs 
(see Table I). 

The resulting NPV curves of cash flow of AC are shown in 
Fig. 3. As can be seen, for all the three end-users the 
investments without a loan demonstrate better return periods, 
and the less their installed power in kW, the better the result. 
However, the initial investment does not pay off over the 
lifetime for any of the end users. That means that a time period 
longer than 25 years is needed to return the invested funds, 
regardless the presence or absence of a loan.  

Name of Parameter; Measuring Unit Value 
SCom prosumer  
Electricity distribution tariff (S6-1)/(S2)  
Capacity-based connection fee to the distribution system 
operator, €/kW/year; /(€/A/year) 34.9/12.73 
Electricity distribution fee, €/kWh 0.0064 
Mandatory procurement component (6–20 kV bus)/(0.4 kV 
bus)  
Mandatory procurement component, €/kWh 0.0113 
Capacity-based connection fee, €/kW/year; /(€/A/year) 19.48/5.3 
Roof PV prosumer  
Electricity distribution tariff (S2)  
Capacity-based connection fee to the distribution system 
operator, €/A/year 2.9 
Electricity distribution fee, €/kWh 0.049 
Mandatory procurement component (0.4 kV line)  
Mandatory procurement component, €/kWh 0.0113 
Capacity-based connection fee, €/A/year 1.7 
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The results of calculations of other economic criteria for the 
roof PV prosumers are presented in Table II. 

 

Fig. 3. NPV of avoided costs 

TABLE II.  ECONOMIC CRITERIA OF ROOF PV PROSUMER 

*Value at the end of the planning period 

Some interesting reflections follow from Table II. First, let 
us look at the IRR values. The difference between the IRR and 
the discount rate (in our case 1.6%) represents the effect of 
investment activities (entrepreneurial effectiveness). If the IRR 
is equal to 1.6%, the income only pays off the investment (the 
investment profitability is 0), and when the IRR is lower than 
1.6%, the investment becomes unprofitable. From Table II it 
can be recapped that for the observed prosumers the 
investments do not pay off. 

 Also, the economic attractiveness of PV panel installation 
can be assessed, using the LCOCE indicator: if the value of the 
LCOCE for a considered case is lower than its value for a base 
case, than investments can be profitable. For the studied 
scenarios we have the following LCOCEs for the base cases: 
0.1024 €/kWh for the first end user, 0.0976 €/kWh for the 
second end user, and 0.09689 €/kWh for the third end user. The 
obtained results of the LCOCE for the prosumers confirm the 
inefficiency of installing the PV equipment. 

The resulting NPV curves for SCom prosumers for both 
scenarios are shown in Fig. 4. 

 

Fig. 4. NPV of avoided costs (PV capacity is 1 MW) 

Applying new DT for the SCom, the situation changes 
significantly. For the second scenario, the PP of the PV is only 
11 years (without a loan) and 14 years (with a loan). This PP is 
attractive to investors. The results of calculating other 
economic criteria of the SCom for both scenarios are 
summarized in Table III. 

TABLE III.  ECONOMIC CRITERIA OF SCOM PROSUMERS 

The profitability of the SCom can be assessed with the 
LCOCE criteria: if the value of the LCOCE for the considered 
solar community is lower than its value for the base variant 
(0.10268 €/kWh/0.0986 €/kWh), then investments can be 
profitable. As can be seen from Table III, the second scenario 
with and without a loan can be feasible.  

The advantages of the SCom can be supported by the 
results of LCOCE comparison: for the first scenario without a 
loan, the SCom demonstrate a LCOCE by 5% higher compared 
to the total LCOCE (0.1066 €/kWh) of individual prosumers. 
With a loan, this difference becomes even more significant — 
7.7%. A similar tendency can be observed for the second 
scenario: the SComs demonstrate a LCOCE by 41% higher 
compared to the total LCOCE of individual prosumers without 
a loan, and a LCOCE by 42.9% higher with a loan. If we look 
at the IRR indicator, the following can be summed up: when a 
loan is taken, the income only pays off the investment whereas 
without a loan the SCom becomes profitable with a difference 
of 2.52% between the IRR and the discount rate. However, 
when the new distribution tariff rules are considered, then the 
formation of the SCom is very profitable: Scenario 2 becomes 
profitable with a difference of 4.64% for the case with a loan 
and with a difference of 7.51% for the case without a loan. The 
payback period can be reduced to 14 years with a loan and to 
11 years without a loan. Such promising results should 
encourage ordinary consumers to be members of energy 
communities. 

IV. CONCLUSIONS 

Using RES is an important and necessary step towards the 
limitation of greenhouse gas emissions into the atmosphere and 
climate change mitigation. The topic of energy communities 
has become more popular as one of the possible and beneficial 
actions that also has added value for meeting these climate 
targets. The support for EComs has become an important part 
of the EU’s policy.  

SComs have become a common practice in the EU 
countries. However, Latvia is lagging behind in this sphere. 
Latvia only has a net metering scheme to support residential 
RES.   

Formation of SComs in Latvian conditions gives everyone 
an opportunity to participate in this community regardless of 
the consumer’s financial income. However, the current rules 
for electricity bills in Latvia, considering the NMS, do not 
encourage Latvian residents to participate in these projects 

Prosumer of 
group No. 

Capital 
investments, 

€ 

LCOCE (with 
a loan)*, 
€/kWh 

LCOCE 
(without a 

loan)*, €/kWh 

IRR (with 
a loan), % 

IRR 
(without a 
loan), % 

1 (18 kW) 20700 0.1265 0.111 −3.33 −0.25 
2 (88 kW) 101200 0.1196 0.1041 −2.60 0.35 
3 (90 kW) 103500 0.1209 0.1054 −3.05 −0.05 
Total  
(23 pr.) 

 0.1221 0.1066  
 

Scenario 
No. 

LCOCE* (with 
a loan), €/kWh 

LCOCE* (without 
a loan), €/kWh 

IRR (with 
a loan), % 

IRR (without a 
loan), % 

1 0.1127 0.1015 −1.90 0.87 
2 0.0721 0.0609 6.74 9.11 
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since, according to the results obtained, the payback period of 
the solar plant (1 MW) of SCom exceeds 25 years. 
Consequently, applying the scenario when the existing billing 
rules are used according to each type of consumer or 
community, there is an inefficiency of community formation 
and of installing individual roof PV equipment although the 
LCOCE of SCom is by 5%–7.7% less (depending on the 
availability of a loan) when compared with the total LCOCE of 
all 23 individual consumers.  

Applying the second scenario, when the DT for capacity-
based connection for the SCom is billed within the DT for a 
0.4 kV bus (not 10 kV), it is possible to increase the IRR value 
(6.74% and 9.11%) and the payback period (14 and 11 years 
depending on the availability of a loan) and to decrease the 
LCOCE value (compared with the first scenario, by 56%, 
taking a loan, and by 66% without taking a loan). Such a 
modified billing system can motivate end users to participate in 
EComs.  

It is important to support the development of RES, and thus 
achieve the goals set by the Latvian government. Summing up, 
we can say that the issue of the future of energy policy is of 
decisive importance for Latvia, since it can be expected to have 
an impact on the national economy as a whole and on all its 
sectors. 
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