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Abstract

:

This article analyses the influence of supporting scheme variants on the profitability of a projected investment of residential photovoltaic systems. The focus of the paper lies in evaluating the feasibility for the power system of solar power generation technologies to achieve a balance between energy generation and support costs in a more efficient way. The case study is based on a year-long time series of examples with an hourly resolution of electricity prices from the Nord Pool power market, in addition to the power demand and solar generation of Latvian prosumers. Electric energy generation and the consumption of big data from more than 100 clients were collected. Based on these data, we predict the processes for the next 25 years, and we estimate economic indicators using a detailed description of the net metering billing system and the Monte-Carlo method. A recommendation to change the current net system to a superior one, taking into account the market cost of energy, concludes the paper.






Keywords:


solar power; photovoltaic systems; distributed generation; support schemes; net metering systems












1. Introduction


The problems of climate change have motivated the development of renewable energy applications in power supply. In recent years, there has been a rapid increase in the use of renewable energy. In the foreseeable future, utilisation of renewable sources will be able to produce most of the world’s electricity, significantly reducing greenhouse gas emissions [1,2,3]. In the process of the accelerated introduction of renewable energy sources, an important role belongs to solar power generation [4,5], particularly, to distributed, small-scale generators based on photovoltaic (PV) technology [6,7]. Distributed renewable energy sources can result in a number of benefits for both customers and the whole energy system. Particularly, the grid peak demand for electricity and the system losses can be reduced [8]. Small-scale power sources can make a significant contribution towards financing the development of power systems. The rapid increase in the capacity of renewable sources is facilitated by advances in technology development and the political decisions taken by many countries including Latvia to fund renewable energy [9]. In particular, the development of technologies and governmental support are facilitating the dissemination of distributed small-scale power sources that are connected to low- or medium-voltage distribution networks [10]. Customers of electricity that have installed energy sources at their households are transformed into prosumers [11].



The increase in the number of prosumers can only be ensured under the condition that the investment in generation pays off within some acceptable period. The payback period depends on a number of factors and the specific conditions of use [12]. In the case of using solar energy, the most important influencing factors include the level of solar irradiation, the volume of investment required, the rules for selling and buying energy, the availability, and the volume of support for green energy [6]. The support scheme and rules of energy trading are chosen by government agencies and are based on the economic capabilities of each country [10]. The rules of energy trading have a solid impact on the financial performance of PV systems. Retail tariffs should be considered by policymakers in evaluating the strategy of PV deployment [12].



Different countries use diverse schemes of support for prosumers. The most frequently used schemes are the feed-in tariff (FiT), investment supports (IS), and the net metering system (NS) [13]. A FiT scheme provides a premium price to the prosumer and obliges the grid operators to purchase the generated electricity output [10]. The application of the FiT and IS schemes has aided the distribution of a large number of renewable energy sources (RES). An overview of the FiT supporting schemes is provided in [13,14,15,16,17,18]. The FiT and the IS can ensure a rapid spread of renewable energy but ultimately lead to an increase in the cost of the bills for end users [19]. The NS is an electricity policy which allows energy prosumers to balance their electricity usage with electricity produced by themselves. The variability and inconsistency of the energy generation and consumption schedules lead to a need for energy exchange between the consumer and the electric grid [20,21,22]. The NS system establishes rules for the exchange of energy between the electric grid and the consumer and the formation of payments for using it. Diverse methods of paying for the energy given or taken are used in the formation of bills [1]. A common feature for different systems is that they each ensure the possibility of supplying energy from the consumer to the grid at times when generation exceeds consumption and returning it in the opposite case. The methods used by the NS are distinguished based on the way of paying for the energy given or taken in the formation of bills. In European countries, two main groups of NS variants are used [1].



The first group is based on taking into account the energy exchange between the electric grid and the prosumer (net accounting system (NAS)). The NAS does not respect the production/consumption time and market value of the energy produced or consumed. The NAS [16], which is currently in place in many countries, disregards the prices of the submitted and received energy [23]. The energy surplus is measured in units of energy (kWh), and when electricity production exceeds consumption, it is submitted to the network; otherwise, it can be returned from the network.



The second group takes into account not only the amount of energy but also its cost [19] (a net billing system (NBS)). In this case, a new, more sophisticated payment scheme should be used. This is based on the treatment of the variable cost of energy depending on the actual wholesale market price of electricity. The cost of energy forms the basis for mutual settlements between the electric grid and the prosumer [1]. In the NBS case of grid debt, the market price of the submitted and received energy is considered [1,16]. The grid’s debt is expressed in monetary terms. The prosumer is motivated to submit energy at time periods when the prices are high and to consume it when the prices are as low as possible, receiving an energy amount that is larger than the submitted amount [14]. Such an NBS system has significant advantages; however, it not only requires more complex measurements but also is more complex from the point of view of its effectiveness analysis, since it is strongly influenced by three random processes: the generation of energy, energy consumption, and energy market price.



In Latvia, renewable electricity generation is stimulated through a complex support system based on a FiT, which also includes elements of a quota system and tenders. The existing FiT is on hold until 1 January 2020 due to concerns about corruption and a lack of transparency in the way it has been implemented since 2007. The existing state support mechanisms for energy production from renewable energy sources (RES) are being assessed and revised. Stringent supervision of subsidized electricity producers, stricter controls, and a limited timeframe for the implementation of RES projects have been introduced. At the same time, a new tax for subsidized electricity producers was introduced in January 2014. The tax should be paid by companies receiving financial support for power generation from renewable energy sources or from combined heat and power plants. Since 1 January 2014 RES-E (Electricity from Renewable Energy Sources) is promoted also through net-metering. According to Energy Development Guidelines for 2016 to 2020, a new national support mechanism for electricity production from RES should be developed until 2018. Heating and cooling from renewable energy sources is promoted through different tax benefits. Access of renewable energy plants to the grid is subject to the general legislation on energy. Electricity from renewable sources is not given priority. Also, devices for heat production from renewable energy sources are not given priority connection, and there is no special legislation promoting the connection of RES heating devices to the heat transmission network at the national level [24,25]. In Latvia net metering applies to clients who are at the same time producers of electricity and are connected to the electricity grid through a connection with a throughput value smaller than or equal to 3*16A. Clients must apply for an offer from the responsible grid operator for injecting electricity to the grid. For small-scale clients, energy costs only apply to the net electricity consumption, defined as the difference between electricity obtained from and fed into the grid. Furthermore, clients are required to pay a grid use charge [26].



The main purpose of this study is to compare the cost-effectiveness of different options and to search for ways to accelerate the application of solar generators, to improve the methodology for evaluating the efficiency of technology utilisation, and to develop proposals for improving support schemes. To achieve these goals, we perform the following actions:

	
Make a brief overview of the support schemes in use.



	
Formulate the problem of maximising the profit of the prosumers and substantiate the algorithm for its resolution.



	
Solve the problem of estimating the influence of a large number of generators on the operation of the power system as a whole.



	
Based on the collected experimental data and the selected scenarios, demonstrate the possibility of increasing the profitability and number of prosumers.








The results of solving the above tasks can be useful both for decision-makers at the legislative level and for potential investors in the development of green energy. This article uses smart metering data collected in Latvia; however, we hope that the results and conclusions can also be utilised in other, primarily, Northern European, countries with low solar irradiation (the Netherlands, Belgium, Denmark, Lithuania, Latvia, Ireland, UK, Estonia, Sweden, Finland, and Iceland [1]). Solar resource and PV power potential maps and GIS data are available in [24,27]. These countries are close in terms of solar radiation but have significantly different power systems and capabilities for supporting renewable energy sources. The Latvian power system encompasses five large power plants [28] with a total installed capacity of 2569 MW. The remaining producers can be divided into the following groups [29]: small natural-gas-based combined heat and power plants—172 MW, wind power plants—71 MW, biogas power plants—66 MW, biomass power plants—58 MW, small hydropower plants—29 MW, and solar power plants—1.5 MW. In 2017, an annual balance between the generated and consumed electricity was roughly achieved in Latvia. At the same time, an active energy exchange is taking place with other participants of the Nord Pool market. The power system has a feature that is very important for further analysis: the combined heat and power plants and the plants using RES, except large hydropower plants and microgenerators, are supported by applying the FiT. Support of this kind is applied to almost half of all the energy generated and is included in the bills of all the consumers. The high level of the FiT in Latvia (approximately 35% of the bill for the end users [23]), is causing discontent among the public, which means that it is impossible to further increase the FiT. The NAS is applied to microgenerators [16]. As was previously mentioned, the FiT is not currently applied for supporting microgenerators.



Solar power plants represent the most widespread type of microgeneration. The total capacity of solar panels installed in Latvia is only 1500 kW (approximately 270 prosumers); the capacity installed at one household varies from 2.5 kW to 11 kW; the average capacity of the applications of the technology is 5.5 kW. The total annual amount of energy submitted to the grid is 1.38 GWh and the total annual amount received from the grid is 2.08 GWh. These data provide the conclusion that the influence of solar panels on the power system is very low since the installed capacities in question only amount to 0.05% of the total capacity of the power system; solar power can be used 1700–1900 hours a year [1]. With a 1 kW solar panel, an annual average of 900–1000 kWh of electricity can be generated [8]. It can be concluded that using solar power for electricity generation will only pay off with highly efficient technologies and capital investments as low as possible [29,30].



The problems of PV technology deployment in these countries are reflected in the scientific literature (a comprehensive review of this literature is given in the articles [13,30,31,32,33,34,35,36]. However, as far as we know, no assessment of the joint effect of load, solar activity, market price profiles, and the rules for the formation of consumers’ accounts on their financial efficiency has been conducted. This problem becomes particularly acute in the case of using smart metering data [23], making it necessary in this case to take into account not only the volume of generation and consumption but also the cost. To solve this problem, we use an algorithm based on the adoption of the hypothesis of stationarity of input processes, big data collected in Latvia, the long-term prediction of the realisation of processes, and a detailed billing model for the energy used. The structure of this algorithm, the results of its verification and application form the main contribution of this article.



The rest of the article is organised as follows: Section 2 describes the purposes of the research task and contains a brief description of the current legislation establishing the rules for energy trade. Also, it is devoted to the description of the methodology, models, and input information used. Section 3 reflects the results of the calculation of profitability, gas consumption and emission reduction rates. The last section is devoted to conclusions and a recommendation to change the current net system to a superior one, taking into account the market cost of energy.




2. Methodology and Models


2.1. The Methodology of Feasibility Studies


Usually, power system planning issues are formulated in the form of profit maximisation problems. For this purpose, designers use a number of economic criteria, such as the net present value of cash flow (NPV), internal rate of return, payback time, and levelised cost of energy (LCOE) [1,8,30]. In this paper, we limit ourselves to using only the NPV and the LCOE, while the generality of the feasibility studies task statement is not lost since the algorithm outlined below can be easily extended to compute other economic criteria as well. The NPV is given in [28] as:


 NPV(id, Tpt)=∑t=1TptRt(1+id)t, 



(1)




where t—time of the cash flow, usually one year, Tpt—planning time of the PV technology in years (for example, Tpt = 25) [3], id—discount rate (the rate of return that could be earned on an investment in financial markets with a similar risk; Rt—net cash flow, i.e., cash inflow and cash outflow at time, t, in €. The cash flow within one year will not be discounted for NPV calculation purposes. Investments during the time interval from the initial design to power plant start-up are summed up with a negative cash flow [8,30]. The LCOE is calculated as follows:


  LCOE(ipt,Tpt)=(Cinvest+Ccred)+∑t=1Tpt.Cmod,t(1+id)t∑t=1TptAt(1+id)t, 



(2)




where t—equipment planning year (1, 2,... Tpt), A,t—annual total amount of electricity generated (kWh/year), Ccred—the interest to be paid to the bank for the loan received, over the whole planning period (€); Cmod,t—annual costs (€/year), Cinvest—the prosumer’s investments in the purchase and installation of equipment (€).



In order to be able to apply Equation (1) and (2), it is necessary to evaluate the energy costs, which depend on the support scheme used. As has been mentioned, the schemes to be used are selected by government decisions. We also estimate the benefit of prosumers (annual bill savings, Csavingst (€)), which is defined as the difference between the cost of energy in the case when no PV technology is installed ((Cbill_noPVt) (€)) and the cost of energy using PV technology (Cbill_PVt) (€)). Thus, the benefit for the whole year is as follows:


 Csavingst=Cbill_noPVt−Cbill_ PVt. 



(3)







Due to the fact that prosumers cannot make total conclusions on the basis of the NPV or the LCOE, we consider the payback period (PP) as well, which characterizes the year in which the cumulative savings exceed the investment costs of PV technology.




2.2. Evaluation of the Economic Benefit from Support Schemes


Consumers’ bills contain components paid to finance the operating costs of the power system:

	
The fixed volume (FV) component is based on the connection capacity (kVA);



	
The variable progressive (VP) component: in this component, the tariff per kWh increases along with an increasing measured consumption level;



	
The market component (MC) is equal to the day-ahead hourly price of the electricity market (for example, Nord Pool) [23,28].








This tariff is only possible with smart meters [23]. If the prosumer generates a smaller amount of electricity than it consumes (over a month), then, according to the NS, the prosumer’s bill contains the FV and the VP, which includes only payment for the difference between the amount of energy received from the grid and the amount of energy submitted to the grid. In the opposite case, when the prosumer consumes less than it has generated and has submitted more energy to the grid than it has received, then the resulting difference is regarded as the debt of the power system, which is included into the bills of the following months. The structural diagram of the algorithm for evaluating the annual expenses, Exp, is provided in Figure 1.



The algorithm uses the hourly (i) measurements of energy submitted to the grid, WG+, and received from the grid, WG−, the hourly electricity price, C, and the hourly electricity consumption, WC (Block 1). For every prosumer, the grid forms an individual bill, which accounts the amounts of electricity submitted to the grid or received from the grid, Expstore, (Block 2) and the hourly MC payments are accumulated. If during a given hour, the generation amount exceeds consumption and the prosumer submits more electricity to the grid than it receives, it needs to additionally pay for only the FV component, EFV (Block 3). The annual expenses, Exp, increase by this amount. Otherwise, Expstore is checked. If Expstore exceeds the Expstore of the current month (in our case, the Expstore of the preceding hours), then, in some countries, the prosumer does not have to pay the VP component EVP− at this hour; however, the prosumer always has to pay for the FV component and the MC for the electricity received, Cc+ (Block 4). Otherwise, the prosumer pays in the same way as in Block 4 or only pays for the total difference, EVP, of the VP component for the current hour, Expstore (Block 5). In the calculation, we assume that the prosumer pays the VP component, EVP−. If Expstore is negative or equal to zero, the prosumer pays in full for the electricity received from the grid (as an ordinary consumer) (Block 6). Once a year, the process is started all over again [1].



To analyse the feasibility of a system which is described by Figure 1, Equation (1) and (2), the prediction and simulation of the random correlated processes of generation, electricity production, consumption, and market electricity pricing are required; however, such simulation creates considerable problems [37,38].




2.3. The Basic Tasks of the Study


The present article sets two basic tasks:

	
To evaluate the benefits received by the individual prosumer and the factors that influence them, as a result of equipping the household in question with PV.



	
To evaluate the influence of a sharp increase in the number of prosumers and their capacity on the power system and the other energy consumers.








As has been mentioned, the results of solving both of these tasks depend on a number of factors. In particular, it can be said that the benefits received by the individual prosumer depend on its energy utilisation schedule, which means that solving the first task requires an individual approach. This peculiarity makes the solution of the second task more complicated, since, even in the case of a small power system, several tens of thousands of prosumers need to be taken into account, all of them with individual generation and consumption schedules.



The goal of using RES is a set number of sub-goals. The sub-goals are decarbonisation, the augmentation of energy independence, and the diminishment of the gas import amount. The energy produced by prosumers equipped with PV technologies replaces other types of energy. Evaluating the conditions that characterise power supply in Latvia, it can be said that the prosumers will replace the energy that has been produced with natural gas by burning imported natural gas. Thus, an increase in the number of prosumers can ensure the following benefits:

	
A diminished dependence on gas imports;



	
A diminished amount of atmospheric emissions of CO2.








Depending on the prospective number of prosumers, let us evaluate the performance indicators of these prospective situations. Given the number of prosumers (Npros) and taking into account the direct consumption of the prosumers, we find the amount of electricity produced by the prosumers (Epros) (GWh/year):


 Epros=Npros·Epos,avg, 



(4)




where Epros,avg stands for the average amount of electricity produced by one prosumer, GWh/year (we assume a value of 5500 kWh). Given the amount of electricity produced by the prosumers and assuming that it replaces the electricity produced with natural gas, we find the amount of unburned gas (Gapj) (thousands of m3/year):


 Gapj=Eprosk1·k2·Qg,  



(5)




where k1 stands for the efficiency of an electricity-generating unit (a value of 0.9 is assumed) and k2 is the electricity generation coefficient. The calculations assume the value of 0.6, characteristic of the high-efficiency gas/steam technologies; Qg—the calorific value of natural gas (a value of 0.0105 MWh/m3 is assumed).



After determining the amount of unburned natural gas, using the assumed natural gas emission factor (Ef = 0.203) (t/MWh), we find the reduction of the emissions of CO2 into the atmosphere (mseg) (t/year):


 mseg=Gapj·Qg·Ef. 



(6)







From Equations (4), (5), and (6), it can be determined what the contribution of PV to achieving the RES goals in Latvia would be to reach the average value of the PV utilisation level in the Nordic countries [1]. Reaching the average level of the Nordic countries regarding the utilisation of PV technologies is an ambitious, yet achievable, goal.



2.3.1. Implementation of the First Task


Let us assume that a certain household wishes to start using solar power. The natural way to start is to evaluate the profitability of the prospective project. Notwithstanding the low planned generation capacity, it becomes necessary to solve the benefit maximisation problem. By using the NPV or the LCOE (Equation (1) and (2)) and setting the expected PV technology’s planning time, optimisation tasks can be formulated in the following form:


 NPV(Tpt)→max, 



(7)






 LCOE(Tpt)→min. 



(8)







Cash flow and generated electricity can be described in a different mode. We select an avoided-cost approach [1,19]. In this case, the cash flow should be calculated as:


 Rt=Rb−Rtpr, 



(9)




where Rb is the cash flow calculated for the consumer before the installation of the PV technologies (the base case). Rtpr—the cash flow reduced after the installation of the PV technology. The amount of produced energy, Rt, comprises all the energy generated by the PV technologies—auxiliary consumption and supply to the grid.



In NPV or LCOE criteria value assessment, the greatest difficulties arise in computing the net cash flow Rt because of the amounts of generated and consumed electricity and because the energy prices change over time and can be described in terms of stochastic functions [39].



Prosumer efficiency, Epr (NPV or LCOE), is a function that can be described as follows:


 Epr=F(Wg(t), Wc(t), C(t)), 



(10)




where Wg(t), Wc(t), and C(t) stand for the amounts of generated and consumed electricity and the changes in the energy prices over time. The NPV calculation of the function in question (Equation (6)) depends on the support scheme used or the type of NS [30]. In order to calculate the efficiency criteria, it is necessary to describe changes in processes for many years ahead. This task leads to uncertainty and necessitates the use of methods regarding the theory of stochastic processes. Let us assume that Wg(t), Wc(t), and C(t) are stochastic processes, see Figure 2. In this case, it can be said that the efficiency indicators (the NPV or the LCOE) are random values [22]. When formulating the optimisation task, it is necessary to use the mathematical expectation of the following values: E(NPV(Tpt)), E (LCOE(Tpt)).  The optimisation tasks take on a stochastic form [39], see Equations (11) and (12):


 E(NPV(Tlt))→max, 



(11)






 E(LCOE(Tlt))→min. 



(12)







Solving the stochastic task necessitates the use of the statistic characteristic of the input processes Wg(t), Wc(t), and C(t) (distribution function; correlation) [30,40]. An illustration of the changeability of the processes is provided in Figure 2.



The task becomes simplified if a hypothesis regarding the stationary nature of the stochastic processes is assumed [28,40]. In this case, it becomes possible to use the historical data on the calculation or measurement results of the input processes: generation WGH, consumption WCH, and price CH. Forecasts of processes are used, which have been formed on the basis of measurements of the processes in question and by applying the so-called naïve forecasting approach to generation WGF, consumption WCF, and price CF [28], which is based on the assumption that past processes will repeat in the future. Additionally, we take into account the change in the average annual price [28]. Note, that the problem of forecasting processes is relevant in solving many problems related to optimizing power systems. The extensive scientific literature is devoted to this problem [41,42,43,44,45,46,47,48]. The approach we use is only one of the possible approaches. The proof of its acceptable accuracy and a more detailed description is given in our previous work [28]. A structural diagram of the algorithm is provided in Figure 3.



Values of mathematical expectation, E(NPV(Tpt)) and E(LCOE(Tpt)) can be determined on the basis of Rt:


 E(Rt)=∑t=1t=TptRt. 



(13)







In the case under discussion, when the possible profitability of the potential prosumer is evaluated, historical measurement records are available only for two processes, namely, market price and consumption. In order to forecast generation, the measurement records of other solar power plants can be used for reference. It is this possibility that will be used in our study.




2.3.2. Implementation of the Second Task


In the case of multiple prosumers, evaluating their impact on the power system as a whole, the task becomes even more complicated, since calculation of the total energy generation amount, Wsum, for tens of thousands of prosumers, simulating the operation of each prosumer, is too expensive in terms of money as well as labour because the number of prosumers, N, may reach tens of thousands or more. This problem can be solved by means of the Monte-Carlo method [49] (Equation (14)). The essence of the method is as follows: The process is modelled using a random variable generator. This is repeated many times, and then, based on the obtained random data, the probabilistic characteristics of the problem being solved are calculated.


 Wsum=∑i=1i=TptWi≈N·∑i=0i=TptWin, 



(14)




where N>>n and n stands for the number of prosumers randomly selected for analysis; Wi is the energy generation amount of i-th prosumer, (kWh).



As was previously mentioned, to estimate the total energy generation quantity and annual total costs of the huge number of prosumers is a labour-intensive process. Figure 4 below shows a structural diagram of the algorithm for solving the efficiency evaluation task which is based on the Monte-Carlo method. Such a method is very convenient and appropriate for calculating the average costs and the profitability of prosumers.



The algorithm, shown in Figure 4, enables the implementation of the second task. The presented approach can be implemented by means of software, and it enables a quick and easy solution of the set task. In our case, the MATLAB (R2013a, MathWorks, Natick, MA) environment is used.





2.4. Input Information and Assumptions


For the case study, we identify two cases:

	
The base case, when the householder does not have an NS.



	
The case, when the householder has an NBS.








As has been said before, solving the tasks under consideration requires simulation of the changes of three input processes over time with a step of 1 h:

	
Power demand: information is required regarding the energy demand profiles of a large number of prosumers. We use the records of the smart meters of one hundred different randomly selected consumers over a period of one year [23];



	
Power generation: the generation of the potential 100 prosumers is simulated by using the records of a newly installed generator for the year 2017. These records are modified by changing the equipment capacity for each of the 100 prosumers in such a way as to achieve a balance between the annual energy generation and consumption figures;



	
Electricity market prices: the Nord Pool market prices are used. By using the Fourier transform [39], we single out the constant component, which we set as a variable depending on the number of the planning year. The average price changes are set by using the published results and the selected scenarios [39].








On the Latvian market, PV equipment is offered by a number of manufacturers. Based on their data, Figure 5 shows the total installation costs of PV technology (not including Value-Added Tax (VAT)).



The trader’s prices, shown in Figure 5, are used in the further simulation calculation. When performing the simulation, the following limiting conditions were taken into account:

	
The NS billing period is maintained according to the valid legislation, i.e., from April 1 till March 31. This period is suitable for the prosumers of Nordic countries [1] since in the winter period the prosumer has the possibility to use the electricity submitted to the grid to the maximum extent. This period increases the economic profitability for the prosumers.



	
Retail prices are assumed to rise by 7.5% each year [50] (from 2018 to 2030), then by 2% (from 2030 till 2040) and fall by 1% (from 2040 till 2043) according to the EU Outlook 2050 energy price scenario, released by Energy Brainpool (June 2017).



	
A fixed payment for ensuring the connection is maintained, in keeping with the valid legislation [51,52]. The payments for the FV and VP components are observed according to the valid legislation.



	
For the hourly load of end users, the time series collected by the smart meters were used, covering a whole year.



	
We assume that, for the consumers connected to the grid, the consumption remains the same for future years as well. The loan interest rate was assumed in accordance with the interest rates laid down by the Bank of Latvia, i.e., 2.6% per annum [53]. The discount rate was assumed to be 2.0% per annum. The credit period is assumed to be equal to the equipment service life—25 years.



	
The capacity of the PV technology and the corresponding amount of investment was determined on the basis of solar radiation in Latvia, to enable the prosumer with its individual consumption to use the energy produced by the PV technology for end consumption to a maximum extent.



	
The NPV is calculated for two alternatives: Alternative 1 presumes taking a loan; Alternative 2 entails no loan; using the prosumer’s savings, Expstore.



	
The NPV is calculated by taking into account the prosumer’s income, Expstore, which is obtained from the energy produced by the PV technology.



	
No subsidy is applied. There are currently no grants or financing incentives available for PV generation in Latvia.








The main technical and economic assumptions are summarised in Table 1.



The data and assumptions of Table 1 are used in the calculations and taken into account in Section 3.





3. Results


Firstly, let us compare NBS and NAS. Figure 6 presents the results of the payment changes by month.



The total average payment of the end-user in the case of NBS is 732.84 € and, in the case of NAS, 829.58 €. Therefore, the difference is 11%. Consequently, NBS is beneficial for both the consumer and the power system. Moreover, the NBS encourages consumers to adapt to volatile market prices. Therefore, in Section 3 we consider only the NBS.



Table 2 and Figure 7, Figure 8, Figure 9, Figure 10, Figure 11 and Figure 12 present the results, which show the NPV, the LCOE, and the PP for each case of NBS. It must be taken into account that, if a loan is taken, the equipment payback period is longer (11 years). As a result, the action of taking a loan has a considerable impact on, first of all, the prosumer’s benefits and the PV technology payback period. However, if prices are to become higher or lower than those predicted in [50], the PP will change according to the price increase/decrease factor. As we can see, in the base case the total average electricity bill for the consumer is 37,420.72 € for a period of 25 years. In the second case, when the NBS is applied, it is 2.3 times this amount. This is also evidenced by the calculated LCOE value, which shows how much 1 kWh of electricity will cost over the whole service life of the installed equipment: 0.16 €/kWh for the base case, 0.10 €/kWh in the case of NBS with no loan, or 0.11 €/kWh with a loan. When calculating the LCOE, no consideration is given to the potential future changes in the electricity tariffs, which may impact the total value of the LCOE. For each scenario, the NPV is calculated, which takes account both the interest rates if a loan is taken and the discount rate.



From Table 2, it can be seen that the value of the NPV is positive, which means that the project succeeds in paying off within 25 years. Upon evaluating the results, we see that the highest NPV is observed in the scenario when no loan is taken, and it is equal to 11,852.97 €.



Figure 7 shows the dependence of the LCOE on the installed capacity of the PV technology.



Figure 7 shows that, as the PV capacity increases, the LCOE gradually diminishes. Based on the assumptions and the modelling methodology, the PP of the PV investment is different for all the prosumers, as shown in Figure 8.



We note that all 25 variants show a positive NPV over 25 years. It is obvious that the profitability of PV technology utilisation fluctuates greatly and this is due to several reasons. For instance, the more generated energy the prosumer uses for auxiliary consumption, the cheaper their electricity bill, and the more savings they make. As a result, the PV technology will pay off faster and the total NPV of the project will have a higher value. As can be seen from Figure 8, the 6th variant corresponds to the most profitable prosumer. Its PP is nine years and the total NPV is equal to 21,965.57 €. The worst results can be found for the 15th prosumer: the PP is 15 years and the NPV is only 1,076.22 €.



However, for the sake of simplicity, we present the average NPV of the 25 householders. The resulting NPV is shown in Table 2.



In addition, the annual savings were calculated and are shown in Figure 9.



We can see that in the first twelve years, the annual savings increase rapidly, whereas from the 12th year till the 22nd year they grow moderately. However, in the last three years of the planning period, the annual savings decrease slightly. This is because, from 2040 onwards, electricity prices will most probably drop despite growing prices for primary energy carriers and CO2.



The cause for this lies in the high feed-in tariff of wind and solar power plants, which increases the periods of low and even negative electricity prices [50]. Figure 10 shows the dependence of the LCOE on the NPV.



As the NPV increases, the value of the LCOE diminishes and using the NS becomes more profitable for the prosumers. The overall results show that the installation of PV technologies and the use of the NBS can provide benefits both for the end user and the grid operator under certain conditions. For instance, the electricity bills of the prosumers are significantly reduced. Moreover, after the 11th year (when the prosumer takes a loan), the remaining 14 years show only a profit from using the PV technology.



Higher retail prices make the installation of PV technologies more profitable, as the auxiliary consumption savings are worth more. The NBS system clearly performs better than the base scenario.



The assumed average capacity of a PV technology is 5.5 kW. To prevent the total amount of electricity produced by the prosumers exceeding 3% of the total electricity consumption in Latvia and in order to achieve the average level of the Nordic countries, the number of prosumers needs to be about 40,000.



In this way, a prosumer number of 40,000 can be interpreted as acceptable, both from the point of view of the other consumers and in terms of the decrease in the impact on the power system. In order to reach the above number of prosumers by 2030, it would be necessary to equip approximately 4000 households every year with PV technologies. In our opinion, such an increase is achievable, albeit with difficulty.



Let us point out that by 2017, there were only about 40 new prosumers in Latvia every year; therefore, by analysing Figure 11, it can be concluded that the depicted capacity can only be achieved by considerably changing the conditions for setting up prosumers.



It can be expected that the increase in the number of prosumers will be lower than 40,000 as depicted above. The cases with a lower forecast of the increase in installed capacities and a lower number of prosumers achieved by 2030 are shown in Figure 11.



From the above, it can be concluded that if the present trend of an increasing number of prosumers and installed capacities, the number of prosumers in 2030 would not even reach 1000. In order to reach the optimistic value of 40,000, 4000 new prosumers would have to emerge per year. If the number of new prosumers is 1000 per year, then the achievable installed capacity for 2030 is 55 MW; with the total number of new prosumers being 40,000, the installed capacity reaches 220 MW.



The calculated amounts of electricity produced by the prosumers, unburned natural gas, and the decrease in the CO2 emissions depending on the number of prosumers are shown in Figure 12. If Latvia reaches the level of the Nordic countries in the utilisation of PV technology, it will be possible to additionally produce approximately 220 GWh of electricity, avoid burning approximately 40 million m3 of natural gas per year, and diminish the CO2 emissions by approximately 82,000 tonnes per year.



Figure 12 shows that as the utilisation of PV technologies increases, the amount of fossil gas burned diminishes, as does the amount of CO2 emissions, which in turn has an indirect impact on the country’s GDP. Hence, it can be said that a further economic analysis of PV technology utilisation is needed in order to evaluate the country’s benefits from not purchasing and burning fossil fuel.




4. Discussion


Within the present net system, the prosumer can save an average of approximately 56% compared to the annual electricity costs of household consumers. When using a net billing system (NBS), the average payback period of the RES equipment installed by the prosumer is 11 years (if a loan is taken) or 8 years (if no loan is taken). However, the payback period (PP) is strongly dependent on the predicted prices. The PP will obviously change according to the price increase/decrease factor. Considering that accounting of electricity takes place on the basis of the amount of electricity submitted to the grid and received from the grid, it can be said that the net accounting system (NAS) is separated from the operation of the electricity market and does not stimulate prosumers to adapt to fluctuating market prices, which would diminish the amount of electricity demanded from the grid at high-price hours. The NAS is not adapted to the use of smart technologies, i.e., prosumers are not encouraged to install energy generation/consumption controls and energy accumulators and to use advantages that could benefit both the prosumer and the power grid as a whole. Therefore, it is useful to apply the NBS, which will stimulate consumers to purchase RES equipment.



With Latvia reaching the level of the Nordic countries regarding the utilisation of PV technologies, a considerable amount of fossil fuel would be saved and the amount of CO2 emissions would be diminished, resulting in additional financial savings. In order to achieve such ambitious goals, the following important principles need to be observed: application of taxes for fossil fuel to stimulate the use of renewable energy sources; instead of subsidising, market mechanisms have to be used to prevent market distortion; the best projects emerge when there is competition, so they have to be selected by way of tenders, giving preference to those projects which require the least amount of subsidies; solutions have to be stimulated that do not burden the consumers and the infrastructure, bringing the producers closer to the consumers; the legal environment needs to be improved and obstacles to the development of large-scale RES removed. From the point of view of sustainability, it is important to support the development of renewable energy sources and thus achieve the goals set by the Latvian government. To sum up, the issue of the future of energy policies is of decisive importance to Latvia, since it can be expected to have an impact on the national economy as a whole and on all of its sectors.




5. Conclusions


The net accounting system used in Latvia needs to be changed due to the following: prosumers are not being stimulated to adapt to changing market prices and the needs of the distribution and transmission grids. The existing system is not adapted to the use of smart technologies, i.e., prosumers are not encouraged to install energy generation/consumption controls and energy accumulators and to use advantages that could benefit both the prosumer and the power grid as a whole. The application of the net billing system ensures a reduction in the payback (11%) and stimulates the use of PV technology. The average Latvian prosumer’s annual benefits (without a loan) exceed 10% of the capital investment, which is more than the bank deposit interest rate. Such benefits can be attractive to users who are able to invest their money. In the case of a loan, a large part of the benefits go to the repayment of the loan. The use of PV technologies, even in small Nordic countries, can reduce the volume of imported gas and emissions into the atmosphere.



The data collected in this work and the developed algorithm can be used as a basis for the development of PV technology evaluation software (future work). For acceleration of the use of PV, the provision of free access to this software is intended for all potential prosumers.
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Figure 1. The structure of the algorithm for evaluating the annual expenses. 
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Figure 2. The changeability of the process. 
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Figure 3. A structural diagram of process prediction. 
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Figure 4. The structure of the algorithm structure. 
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Figure 5. The dependence of photovoltaic (PV) technology costs on PV capacity. 
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Figure 6. Average payment of the end-user in the case of net billing system (NBS) and net accounting system (NAS). 
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Figure 7. The dependence of the LCOE on PV capacity. 
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Figure 8. NPV for PV investment for 25 prosumers (taking a loan). 
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Figure 9. Annual savings of a prosumer during a planning period. 
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Figure 10. The dependence of the LCOE on the NPV. 
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Figure 11. The forecast increase in the capacities of installed equipment by 2030. 
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Figure 12. The impact of renewable energy sources (RES) technology utilisation. 
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Table 1. The key assumptions.
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	Name of the Parameter; Measuring Unit
	Value





	Number of phases
	3



	Payment for the trading service, €/kWh
	0.00564



	FV component, €/year
	115.11



	VP component, €/kWh
	0.07104



	Planning time, years
	25



	Loan interest rate, %
	2.6



	Discount rate, %
	2.0
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Table 2. The initial financial performance results.






Table 2. The initial financial performance results.





	
Scenario

	
According to MC

	
Loan

	
Sum of Annual Mean Costs, €

	
NPV, €

	
PP, Years

	
LCOE, €/kWh

	
LCOE Changes in Respect to the Base Case, %






	
Base case

	
Accounting

	
-

	
37420.72

	
-

	
-

	
0.16

	
0.00%




	
NBS

	
Billing

	
present

	
16446.07

	
7468.60

	
11

	
0.11

	
−33.40%




	
Billing

	
absent

	
11852.97

	
8

	
0.10

	
−38.13%
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