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Abstract

:

This article is written within the European Project “THREE-Lanka” which has the aim of modernizing the higher education related to Renewable Energy (RE) in Sri Lanka. The paper presents the outcomes of analysing various incentive schemes to stimulate RE development. In Europe, there was substantial growth in RE installation through generous incentives in the first years. Then, to regulate this growth, in recent years, the auction system has been introduced to improve the competition among companies that install RE plants. In Sri Lanka, on the other hand, the main energy tariff policies focus on the spread of PhotoVoltaics (PV) through contributions based on the electricity fed into the grid. This paper provides an updated view of the evolution of the energy tariff policies in the relevant European countries with respect to Sri Lanka, covering some recent policy developments. Within the Sri Lankan framework, four case studies involving residential, commercial, and industrial users are outlined to suggest better mechanisms (in the case of not adequate current incentive tariff) for supporting the deployment of grid-connected PV systems in a wide power range. Such knowledge transfer in the THREE-Lanka project will demonstrate the enormous potential RE capacity in a developing country, still depending on fossil fuels but willing to follow the path towards sustainability.
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1. Introduction


Energy policies are key elements of the sustainable development involved in the energy transition currently in progress. The European Green Deal introduced in December 2019 is a set of energy policies accepted by all states in the European Union (EU), having the objectives of increasing the sustainability of the European economy for reaching a zero-carbon economy by 2050 and decoupling the economic rise from the utilisation of natural resources [1,2]. The declared target set by the European Green Deal with the European Climate Law is to reach climate neutrality by 2050. An intermediate target of reducing net greenhouse gas emissions by at least 55% by 2030 compared to the values recorded in 1990 was presented in the “Fit for 55” package. This package aims to align the EU legislation with the 2030 goal by revising the legislation on climate, energy, and transport [3]. To reach the objectives of the European Green Deal, significant incorporation of new green energy capacity will be necessary for a limited time period. Solar photovoltaic (PV) is considered one of the most promising technologies which have achieved a high level of development, being now the one considered to lead the transition to zero emissions in the EU [2,4,5].



The ability of countries to efficiently address climate change problems requires substantial financing. An important rise in the renewable energy (RE) share in the energy mix is decisive for reaching a CO2 emission level consistent with the Paris Climate Agreement [6] signed in December 2015 by 190 countries. The Paris Climate Agreement is the first framework for legally binding climate change. Its goals include limiting the global temperature rise and setting a global emission peak of about 40% by 2030 [7].



The diffusion of RE technologies for electricity generation is the core of energy sector decarbonisation [8,9]. Public policies to promote RE technologies have been applied in developed countries since the 1980s within a niche market strategy. Since the 2000s, more developing countries have implemented support policies [10]. After a sharp cost decrease in some RE technologies (e.g., PV and wind [11]), these policies aim at a prevailing RE share in the electricity mix.



Different incentives or support schemes or mechanisms are used for supporting RE policies around the world [12], for example:




	➢

	
Investment subsidies: given by a Government to refund (part of) the investment in RE technologies, defined in EUR/kWh or as a percentage of the total investment. In particular, capital subsidies may be applied to capital, interest rates, or other ways to reduce the cost of capital [13].




	➢

	
Feed-in Premium (FiP) schemes: the RE producers receive an additional revenue (premium) with respect to the market price. The premium can be constant or variable. The RE producers can earn good additional revenues when the market price is high. However, they are exposed to the risk of having low revenues when the market price is low. The risk can be reduced by introducing caps to the payment.




	➢

	
Feed-in Tariffs (FiT): define the rate that is paid to a RE producer for the electricity generated by the RE system and fed into the grid. The FiT generally depends on the RE technologies, which have different generation costs. FiT is not a competitive support scheme because the Government establishes a price for the energy to be purchased by utilities, and all RE producers search for a contract to sell RE at that price. The choice of the RE producers is based on the principle of first-come-first-served until the desired quota is finished.









The FiT contains three key points:




	▪

	
Access to the electrical network is provided.




	▪

	
There are long-term (15–25 years) contracts for electricity generation.




	▪

	
The specific costs of each RE source influence the buying prices (usually higher than market prices). Tariffs may change between the different power generation sources, influenced by the place where the PV plant is installed (e.g., ground-mounted or rooftop), the project size, and the technology used (PV, wind, etc.). FiT offers a guaranteed acquisition for electricity generated from RE sources with long-term contracts [14].









The reference [13] specified that by 2003, 18 European countries had implemented the FiT incentive. According to the annual reports from 2005 to 2015 of Renewable Global Status Report REN21, FiT has then become one of the most used incentives in the world due to its financial stability in the long term.



	➢

	
Tradable Green Certificates (in Europe) and Renewable Portfolio Standard (RPS) (in the US and in Japan), issued by a regulatory agency: for each MWh of electricity generated by RE sources, the producer receives a certificate that can be traded with other producers. Thus, any producer can cover its RE production target through its own or purchased certificates, even with insufficient RE production. Different from other markets, a dedicated financial market can be set up for green certificates. In this market, the RE producer receives additional payment for the energy generated with respect to the revenues obtained from the energy market [15]. The market price for trading certificates depends on the RE technology and the energy demand and supply in the market. If the market price is high, RE producers are incentivised to produce more renewable electricity [16]. The Renewable Portfolio Standard (RPS) is also known as the Renewable Electricity Standard in the US and Renewable Energy Certificates (RECs) or Renewables Portfolio Obligations (RPO) in the UK. The RPS establishes a quota (with which the energy suppliers are obliged to include RE sources as part of their energy supply mix) for RE as the final objective. The RE suppliers will compete in price to obtain a market share of this pre-set quota. The RPS policy usually imposes the duty for the electricity providers to produce a specified part of their electric energy from RE sources. That would mean the electricity providers would receive a minimum percentage of their power from RE sources, which is clarified by RE certificates. The certified RE generators receive certificates for each electricity unit produced and can sell the certificates with their electricity to other suppliers [14].




	➢

	
Contract for Difference (CfD): The CfD is a bidirectional support payment representing the difference between the striking price of electricity and the market reference price, considering that the market reference price is variable with time while the strike price is predetermined and fixed. In the case of RE projects, the strike price reflects the investment cost related to certain technology and is established through auction. The market reference price is obtained from the historical evolution of the market prices. There are two possibilities for the CfD payments, as shown in Figure 1:




	▪

	
if the market reference price (grey rectangle) is less than the strike price, the electricity generator is paid by the CfD counterparty (green rectangle);




	▪

	
if the market reference price is higher than the strike price, the CfD counterparty is paid by the electricity generator (yellow rectangle) [17].













	➢

	
Tenders for contracts: RE producers are invited by a public institution to compete based on a given budget. The contract is given to the winner of the tender, generally the RE producer that sent the cheapest offer. The tenders can be different for different RE technologies. Tenders with competitive bidding for allocating RE payments are indicated as auctions [18]. The number of auctions in Europe has increased in recent years [19], as foreseen in the early review presented in [20]. The elements for designing an auction include financial pre-qualifications (to ensure that the offers are viable), deadlines for the implementation of the project or activity referring to the auction, possible flexibility for adapting the targets, and penalties applied to the RE producers in case of non-compliance to the targets (even with the exclusion from future auctions) [19,21,22]. Another aspect is the difference between technology-neutral auctions (in which any RE technology can participate) and discriminatory auctions (in which there is a distinction among different classes of participants). The possible conflicts among the targets of these different types of auctions are discussed in [23].




	➢

	
Power Purchase Agreements (PPAs): In these agreements, the RE system is installed on the property of the user. However, the RE system is owned, operated, and maintained by a third party [24]. There are different versions of the PPAs. In physical PPAs, the user has a financial arrangement to receive the electricity produced at an agreed price. The third-party benefits from possible incomes generated by selling electricity and tax credits. In virtual PPAs, the third party sells energy to the market. If the market price is higher than the price agreed upon by the user, the user will receive the difference. However, if the market price is lower, the user is hedged and has no payment.




	➢

	
Net metering schemes: Net electricity is the difference between the electrical energy generated by the user’s plant and fed into the grid and the electrical energy supplied by the distribution grid to the user. The use of a net metering scheme requires the presence of a bi-directional meter to identify the energy injected into or taken from the distribution system. Customers pay only for the net electricity used [25,26].




	➢

	
Fiscal instruments: Various instruments can provide fiscal discounts or fiscal exemptions from energy taxes, tax refunds, and reduced Value Added Tax (VAT) rates for RE producers.







The overview of energy policies [27] in three non-European countries (the U.S., China, and Brazil), found a strong connection between the RE development and subsidy schemes. Other examples are found in Australia, where the Large-scale Renewable Energy Target (LRET) provides incentives for investing in RE stations [28]. In Japan, the new FiP scheme introduced in April 2022 supports RE sources in addition to the existing FiT scheme [29]. The situation is in rapid progress, accelerating the path to decarbonisation.



A different context appears in the countries with high fossil fuel production. The governments of the Gulf Cooperation Council (GCC) countries have as the targets the decarbonization for 2030. Over time, the GCC countries may become uninhabitable due to climate change if governments do not adopt a dynamic energy policy focused on reducing dependence on fossil fuels. GCC countries must include more RES in their energy mix and diversify their energy resources. To achieve this goal, governments must focus on different strategies and reforms at the political and social levels. In this case, the GCC countries’ success in adopting RE will be a perfect model for other countries in North Africa and the Middle East [30]. The last research on RE development in some Arabian Gulf states (e.g., Qatar) highlights that a deep understanding of the people on the environmental issues, as well as the action and the support of the governments, are useful to expand renewables, decreasing per capita electricity consumption, and encourage behavioral amendments in the energy consumption [31,32]. At this moment, there are few incentives to decrease individual energy consumption [31], but the authors of [32] highlight that it is improbable that these proposed ambitions will be obtained in an opportune manner.



In the Gulf countries, there are no taxes compared with the European tax incentives that are motivational. This shows that economic diversification should come first, as there is a lack of economic incentives to motivate the citizens to agree and use RE [31,33]. There are no clear government incentives to limit electricity demand due to many fossil fuel resources. The electricity financial affordability combined with the warm climate results in high demand for cooling and raised total electricity consumption.



This paper provides an updated view of the evolution of the energy tariff policies in a group of relevant European countries, with the aim of providing a summarised framework for possible application in Sri Lanka. The selected European countries are the EU partners of the “THREE-Lanka” project (Italy, Romania, and the UK). Moreover, Spain and Germany were added for a wider coverage of the solutions implemented over time in the EU. The various alternative policies have been applied and changed on the basis of the impacts of each policy, the technological evolution, and the opportunities for profitability offered to the users from the various policy solutions. The focus on Sri Lanka comes from the framework of the European Project “Training Hub of Renewable Energy Technologies for Sri Lanka (THREE-Lanka)” [34], under which the contents of this paper have been elaborated (The THREE-Lanka project aims to modernize and internationalize higher education in engineering sciences related to renewable technologies in selected Universities in Sri-Lanka. It is done through the innovation of the technician, MSc, and project manager curricula according to the labour market demand and the new development in the area). The aim is to provide a broad discussion on the historical policies developed with different strategies in the selected European countries, using the results of the discussion in the debate for promoting effective RE policies in Sri Lanka. Regarding renewable sources, in this paper, more attention is given to the policies for PV development, which is of predominant importance in the “THREE-Lanka” project for Sri Lankan development, according to the survey presented in [35]. This paper also presents four case studies involving residential, commercial, and industrial users. Better mechanisms for supporting the deployment of grid-connected PV systems are proposed in the case of not adequate current incentive tariffs.



The rest of the paper is organised as follows: Section 2 describes energy policies in selected EU countries. Section 3 assesses the RE policies in South Asia. Section 4 deals with RE policies in Sri Lanka with a particular focus on new tariffs proposed for PV systems of residential users and commercial/industrial users. The final section contains the concluding remarks.




2. Analysis of RE Policies in Selected EU Countries


2.1. General Aspects


The EU has updated its energy policies in recent years. Among the main reasons for this update, there are the energy dependence on other states, the high and volatile prices of electricity, the increase in demand, the risks and security of supply, and climate change. On this last issue, the EU has undertaken very important actions and set the Green Deal ambitious objectives. To achieve these goals, the first step is the decarbonisation of the energy sector by encouraging electricity production from RE sources. In this scheme, each Member State must undertake long-term national political actions in line with the goal stipulated by the Paris Agreement (i.e., keeping the global temperature increase below 2 °C compared to 1990). As for RE sources, the EU Directive 2018/2001 set the goal of reaching 32% of energy consumption produced from RE sources [36]. Additionally, in 2021 an increase to 40% by 2030 was proposed. Each country sets its own goals and individual actions through ten-year development plans, showing progress every two years.



In the past, when the gap between the cost of producing electricity from traditional and RE sources was wide, FiT was useful to incentivise RE diffusion because of the low investment risk. Thereby, most EU Member States supported RE by implementing FiT in a cost-effective way, leading to high investments in RE. Later, FiT and FiP were considered the main instruments in 20 European countries [37], with a trend towards FiP to motivate the producers to respond to market developments [38]. Some EU countries used FiT as the only incentive (e.g., Germany). Other EU states used quota obligations to sustain electricity from RE (e.g., Sweden, Poland, and Romania). In addition, Spain, Italy, Slovenia, the Netherlands, Estonia, Denmark, Finland, and the Czech Republic used FiP as the main instrument or a part of the instrument mix.



More recently, it has been considered that auction mechanisms could reduce investment risk [5]. Hence, auction mechanisms, which were removed in past years, appeared again in Italy, France, and The Netherlands. In most cases, the same type of support is used for all RE technologies, though to different extents. Auction mechanisms, such as FiT, support RE technologies close to becoming competitive in the relevant markets. In the review carried out in 2018–2019 for EU countries [39], the main four RE support schemes were FiT, FiP, green certificates, and investment grants.



In the following sub-sections, policies for the development of renewables in selected European countries are presented. The selected countries are the EU partners of the “THREE-Lanka” project (Italy, Romania, and the UK). Moreover, Spain and Germany are included for a wider coverage of the solutions implemented over time in the EU, due to their historical importance in RE policies and the current high installed power.




2.2. Energy Policy Analysis in Italy


In Italy, the FiT was supported by the “Conto Energia” (CE) program and was abolished starting on 5 August 2013 for new PV systems. The FiT development in Italy is analysed in [40] and in [41]. From 2005 to 2012, the scheme for PV systems was changed five times. In its latest version, which came into force in 2012, the PV plants were divided into three categories: traditional PV plants (TPV), PV plants integrated with buildings (BIPV), and concentrating PV (CPV) systems (in which sunlight is focused onto the solar cell with the help of optical devices [42]).



The article [43] highlights the FiT incentive system in Italy and its evolution over time. Each CE version has set objectives for installing new plants; when certain objectives were achieved, the incentive scheme was modified. Up to the fourth CE version, a premium rate was paid for each kWh of electricity fed into the grid. Between the first and fourth versions, the tariff was reduced. In the fifth version, an all-inclusive tariff was introduced for the electricity fed into the grid. The premium tariff was only applied to self-consumed energy. In this way, the on-site electricity consumption by the producer was promoted, limiting the sale of energy. In the previous CE versions, all the kWh produced by PV plants received incentives.



In the latest version of the CE, the incentive rate is on average 0.11 EUR/kWh and is limited to self-consumption for PV systems [44]. The results of energy policies in Italy are discussed in [45]. Through the implementation of the CE program, Italy has increased the installed power of PV systems by 120% per year, installing 17.6 GW by 2018. One of the primary benefits of this scheme was the reduction in the installation cost of new PV systems, from 7.2 EUR/W to 1.3 EUR/W.



Another incentive scheme widely used in Italy is the “Scambio sul Posto” (SSP) [40,46]. One of the main advantages of RE systems (e.g., PV and wind) is the possibility of combining these systems directly with a load: the consumer is able not only to consume energy but also to produce it. Within this context, the SSP is used as an economic incentive for the consumer. Through this system, the distribution grid is used as a virtual storage system for electrical energy. Surplus PV energy is fed into the grid, while the energy demand not met by the PV system is taken from the grid. The energy withdrawn from the grid is generally paid at the market price; thanks to the SSP system, it is partially reimbursed by the grid operator. This refund is calculated by accounting for the energy fed into the grid and the energy withdrawn from the grid [47]. This calculation also considers the difference in the price of electricity in the market, based on the day and year. The calculation of the SSP rate, shown in [45], considers various parameters, such as the economic value of the energy withdrawal, evaluated based on the national electricity price. The economic value of the input depends on the zonal price of electricity. In addition, some bonuses are also considered (e.g., tax refunds). A reference example in [48] shows the SSP calculation for a PV system of 150 kW for 2012. Making some assumptions, the energy fed into the grid is valued at 10 cEUR/kWh and withdrawn at around 18 cEUR/kWh. Through these values and with the energy measurement, it is possible to calculate the value of the economic contribution that the Energy Services Manager (GSE) recognises to the customer on an annual basis. The services share allows the costs incurred for the use of the grid to be returned to users. The Legislative Decree n. 199 of 8 November 2021 abolished the SSP. For the energy plants operating under this scheme, a gradual conversion to other mechanisms is planned from 31 December 2024 [49].



To promote the installation of small, medium, and large size RE plants, competitive procedures have also been used in Italy. Following the Ministerial Decrees of 6 July 2012 and 23 June 2016, the Ministerial Decree of 4 July 2019 planned the use of the auction and register mechanism. Based on the power (p) to be installed, plants can participate in register (p > 1 kW or 20 kW for PV plants and p < 1 MW) or auction (p ≥ 1 MW) procedures. Depending on the size of the plant, it is possible to choose between two incentive mechanisms: an all-inclusive tariff or an incentive applied on the minimum between the net production and the energy injected into the grid. For each source and type of system, the all-inclusive tariff is calculated by subtracting from the reference tariff a percentage determined in the competitive procedure (offered tariff). The offered tariff may be reduced further if certain constraints and deadlines are not respected. The incentive is calculated by subtracting the hourly zonal price of electricity from the all-inclusive tariff, and it is applied when the energy remains available to the producer, i.e., the energy is not withdrawn by GSE. Up to now, nine competitive procedures have been completed, and the tenth public call for registration in registers and auctions closed on 30 October 2022 [50].



For the electricity not consumed on-site and fed into the grid, a simplified scheme called “Ritiro Dedicato” (RD) has been available since 2008. If RE producers decide to join the RD, avoiding direct participation in the national electricity market, the energy fed into the grid is purchased by GSE. Unlike the SSP, the grid is not used as virtual storage, but each kilowatt-hour injected into the grid is transferred to the GSE, which pays the producer a price depending on the type of plant and on any additional incentive granted to it. The producer can request the application of the minimum guaranteed prices, set annually by the Italian Authority for Electricity, Gas, and the Water System (ARERA), and differentiated by energy source and amount of energy produced. Otherwise, the price is the hourly zonal price determined on the electricity market and depending on the time of energy injection and on the market area in which the plant is located. The RD is not compatible with the SSP and other incentive mechanisms that already consider the remuneration of electricity fed into the grid [51].




2.3. Energy Policy Analysis in Germany


Germany was one of the first nations in the world to take political action to subsidise the deployment of RE. Following the Electricity Supply Act, introduced in 1991, from 1991 to 1999, thanks to the Stromeinspeisungsgesetz (StrEG) system, the tariff was paid by the distributor to the producer, according to the market analysis of the previous two years. The main incentive that played a key role in the extension of RE in Germany is the Renewable Energy Sources Act or Erneuerbare Energien Gesetz (EEG), adopted in 2000 and revised several times. The first major amendment for EEG in 2004 extended and increased support for solar energy. From 2009 to 2012, other amendments adjusted the legislation to fast innovation in the PV sector as well as to quickly drop PV module prices [52]. From 2014 to 2016, the amendments progressively introduced RE auctions [53].



The EEG is based on a FiT or FiP scheme to support renewable electricity. The costs from FiT were covered by consumers through a surcharge on the electricity bill (EEG surcharge) [53,54]. The EEG mechanism is based on three features:




	✓

	
A payment system with fixed revenues, higher than the market price, different depending on the technology, and guaranteed for 20 years. A different manner represents the quota system under which the element fixed is the quantity of RE or capacity and not the price per kilowatt-hour of the electricity fed in from RES.




	✓

	
Feed-in priority for the electricity produced.




	✓

	
The network operators guarantee to connect the plant installed, choosing the connection point in the nearest location most appropriate in terms of voltage level. Among the technical procedures of the systems to be connected, there is the remote-control capability to temporarily decrease the feed-in capacity for the network. Network operators must buy renewable electricity and accord priority access to the network. Commercial companies transfer the financial deficit (feed-in tariff minus market price) toward end users by imposing a surcharge [55,56,57].









The cost calculation analysed in [58] results in the difference between the price guaranteed to suppliers for the energy injected and the actual market price. According to this study, the surcharge has increased over the years, reaching 6.9 cEUR/kWh in 2017, compared to 2.1 cEUR/kWh in 2010. However, the incentive rate has decreased over the years. Solar PV equals 12.2 cEUR/kWh in 2017 if the installed power is less than 10 kW, but in 2006 the tariff was 51.8 cEUR/kWh. The use of this scheme brought the installed PV power from 2.9 GW (2006) to 42.3 GW (2017).



As regards the wind power sector, the incentive system in Germany for this source up to 2014 is analysed in [59].



In [60] it is determined that the FiT system has had little success in recent years. This is due to the increase in the surcharge that each consumer must pay to subsidise the plants. Moreover, strong popular criticism has shown that large consumers, such as very energy-intensive companies, are exempt from paying this surcharge. The strong growth in the installation of PV systems found the German Government unprepared: many PV plant manufacturers were unable to compete in the market with technologies from China. For this reason, the Government was forced to introduce an import tax for Chinese modules.



In the last few years, there has been a significant drop in the prices of the PV systems to be installed on the rooftop. In addition, battery storage to increase the self-consumption has become more economically viable. In Germany, the principal share of RE production is given by wind power, ground-mounted PV, and biomass [56].



Germany was one of the first countries in the world to use the auction system as an incentive scheme [61]. The efficiency and effectiveness of the RE auction in Germany are illustrated in [62]. After the success of a pilot program started in 2015 for ground-mounted PV, which increased by 400 MW, since 2017, all PV plants with sizes starting from 750 kW had to participate in an auction to receive incentives [22]. In [63] it is discussed how the German EEG has been changed from 2017 onwards. The system of incentive tariffs was abandoned, and a new system was introduced, in which the incentive is paid thanks to the competitive systems of auctions. During the auction phases, the power account is assigned, while the incentive is paid for each kilowatt-hour produced.



The auctions are divided according to the technology and the size of the plants. Participants specify the prize they would prefer to receive for each kWh produced. The plants that win the auction sell the energy produced on the market at market prices and subsequently receive the incentive as the difference between the price determined at the auction and the market price. In [63], the results of some auctions held in Germany for PV and wind systems are shown. For PV, the price of the offers was 9.2 cEUR/kWh in 2015 and 4.9 cEUR/kWh in 2019, showing a constant decline until 2018 and a slight increase in 2019. There was a rapid decline in prices in its first year (2017) for wind power, going from 5.7 cEUR/kWh in the first months of the year to 3.8 cEUR/kWh in November.



In Germany, there are no direct subsidies for the increase of storage systems. However, several strategies have been put in place to increase the installation of these systems. For example, for small-sized PV plants (less than 30 kW) combined with a storage system, funds that allow loans with subsidised rates and subsidies are available. With the “Battery 2020” program, grants of up to 50% of the capital are provided for the design of new lithium-ion systems [64]. In [65], it is shown that the increase in the price of electricity and the reduction of FiT were other important elements for the diffusion of storage systems. With the Government’s willingness to shut down several nuclear power plants, the price of electricity has risen. This difference between the price of the energy injected and withdrawn pushed many users to invest in storage systems.



In 2022, Germany passed the largest energy policy revision in decades. Five legislative acts have been amended to accelerate the expansion of RE (the EEG, the Offshore Wind Energy Act, the “Act to Increase and Accelerate the Expansion of Onshore Wind Energy Installations”, the Federal Nature Conservation Act, and the Energy Industry Act). The German goal is to double the share of RE in gross electricity consumption in less than ten years. In particular, the revision of the EEG sets out the new RE capacity targets and the measures to achieve them [66]. In addition, it eliminates the EEG surcharge from the electricity bill since July 2022.




2.4. Energy Policy Analysis in Spain


In Spain, through the “Real Decreto 661/2007” [67], the production of energy from renewable sources and cogeneration technology was encouraged. The incentive system depends on two schemes. The first one provides for the payment of a regulated tariff to plants that decide to inject electricity into the distribution or transmission grid. The second one provides that the producer receives a tariff calculated according to the electricity market prices plus a possible production premium. For solar PV plants and wind farms, the incentive system is determined by the regulated tariff. Moreover, the sale price is invariable for each kWh fed into the grid. In the case of solar PV plants, the tariff is divided into three categories according to the installed power: 44.0 cEUR/kWh (p <100 kW), 41.8 cEUR/kWh (100 kW < p ≤ 10 MW), and 23.0 cEUR/kWh (10 < p ≤ 50 MW). In the case of the wind power installed onshore, the tariff is equal to 7.3 cEUR/kWh for the first 20 years and 6.1 cEUR/kWh for the following years.



Applying the “Real Decreto 661”, the PV systems installed had an exponential increase, far overtaking the objectives established by the decree. For this reason, a new decree (“Real Decreto 1578/2008” [68]) was useful in regulating the diffusion of PV technology. In this new decree, the goal was based on new technological advances. In the Real Decreto 1578/2008, the systems are divided into two categories, those installed on a lot with urban cadastral reference (buildings, parking lots, etc.) and all the others. The new regulated tariff is equal to: 34.0 cEUR/kWh for plants of the first type (I.1) with an installed power of less than 20 MW and 32.0 cEUR/kWh for plants greater than 20 MW (I.2) and all plants of the second category (II).



Through the “Real Decreto 1565/2010” the incentive scheme was reduced again, and in 2013 the FiT was equal to 24.8 cEUR/kWh for Type I.1, 17.5 cEUR/kWh for type I.2, for Type II was equal to 11.5 cEUR/kWh. In addition, a restriction was placed on the operation of PV systems. In other words, the incentive rate was no longer paid when the equivalent solar hours reached a certain limit. When this constraint was further reduced, many plants exceeded the corresponding maximum number of hours. So, the FiT was suspended and consequently, many plants were no longer profitable. For fixed-axis PV systems, the maximum value of solar equivalent hours was 1250 kWh/kW until 2013. Finally, in 2012 the FiT incentive system was removed for new plants, not just photovoltaic ones [34].



In 2015, the “Real Decreto 900/2015” [69], commonly named as “impuesto al sol”, came into force in Spain, which is a tax based on the self-consumption of electricity produced by PV systems. The principle with which this tax was enacted was to make the user pay a tax for the use of the grid when the PV systems fail to meet the load [70]. Plants with an installed power of less than 10 kW, plants not connected to the grid, and systems installed on islands were excluded from the payment. In 2018 through the “Real Decreto-ley 15/2018”, it was abolished. Thanks to this regulation, the integration of distributed generation (mainly solar PV) in Spain has doubled yearly since 2018. The Government detected in recent years various administrative procedures that prevent individual consumers from installing domestic solar PV. Issues such as the relatively long time the distribution system operators take to elaborate the corresponding certificate to approve the grid connection of solar PV installations and the time the local administration takes to approve it as well. These issues are directly tackled by the “Real Decreto-ley 29/2021” [71] and, very recently, the “Real Decreto-ley 14/2022” [72], stating maximum response periods for the administration and penalizations for Distributor System Operators in case of delays in solving the above-mentioned technical certificates for the grid connection of solar PV installations.



In [73], it is described how Spain has also adopted an auction system for the promotion of renewable sources (large scale, mainly wind, and solar PV). In particular, with the “Real Decreto-ley 23/2020” [74], it is described how the auctions are based on the remuneration price of electricity. Only small-scale plants or some projects may not participate in these as they are not competitive. During the first auction, incentives were awarded for over 3 GW of wind and photovoltaic plants. The incentive takes place on the energy produced; in particular, for PV, the average price was 24.5 EUR /MWh, and for wind power was 25.3 EUR /MWh. The installable power is up for auction, and the owners offer the price they wish to receive. In addition, the minimum volume of energy that must be sold is also defined. In the second auction in 2021, approximately 3.3 GW are made available, of which 600 MW for wind and photovoltaic plants are already available, 700 MW for PV systems, and 1500 MW for onshore wind. This “Real Decreto-ley 23/2020”, also introduced the possibility of installing energy storage systems in large renewable-based power plants so as to ease their grid integration and participation in energy markets. The impact of this measure applies to 22 GW of installed wind power and 8 GW of installed solar PV. Again, the latest “Real Decreto-ley 14/2022” [«BOE» núm. 184, 2022], eases the installation of energy storage systems in large renewable-based power plants by making explicit how the energy generated by these power plants should be measured and adding the possibility of being hybridized with storage. This is in line with the objective of achieving 6 GW of energy storage capacity in Spain by 2030, according to the latest “Plan Nacional Integrado de Energía y Clima 2021–2030” [75].




2.5. Energy Policy Analysis in Romania


The Romanian power generation in 2022 is reported in [76]. The sum of the installed power for wind and PV plants reaches 24% (of which 8% for PV). However, looking at the energy production, as reported in [77] for the month of May 2022, the sum of the energy produced by hydro, wind, and PV plants is limited to 12% (of which 3% for PV).



The high share of coal-fired power plants makes electricity prices strongly dependent on the increase in the prices of the CO2 emissions certificates, which occurred in particular since the autumn of 2021. The electricity market prices reached successive peaks in the next period, as shown in Figure 2 [77], where “m.u.” means “monetary unit”.



Romania was one of the first European countries to implement green certificates [6]. One green certificate corresponds to the production of 1 MWh from RE sources [78]. The scheme of the tradable green certificates was established to be valid for 15 years after the beginning of the RE plant operation for RE plants that started operation after 1 January 2004. As a long-term scheme already in force, changes to different schemes such as FiT are improbable in the Romanian energy market. In addition to the green certificates, various funding programmes for RE projects are established in Romania to support RE investments of local interest [38].



The implementation of the RE promotion scheme with Law 220/2008 [79,80] and the National Renewable Energy Action Plan (NREAP) [81] led to increasing RE production over time [82]. Since 2011, the highest subvention was given to solar PV, with six green certificates for each MWh produced for the new capacity commissioned until the end of 2013 and three green certificates for the capacity commissioned between 2014 and 2016 [82,83]. The budget needed for the investments came from different types of support allocated from the European Regional Development Fund and the Cohesion Fund, for each MW installed, with different amounts for each technology considered [84].



The initial success of the green certificate scheme posed the problem of excessive RE development, with possible issues for connecting to the electrical grid. Hence, the support to RE sources was reduced over the years, with the progressive reduction of the number of green certificates that the new producers receive starting from 1 July [85]. Moreover, the green certificates could be used only by RE producers with rated power over 1 MW. In 2014, there was a change referring to the green certificates for the capacity already commissioned, postponing trading two out of the six certificates until 2021 [2]. In 2017 there was a further change to the law, in which the producers were enabled to recover the green certificates that were postponed, starting from 2018 to 2025, by applying equal monthly rates, also giving the possibility to trade the new green certificates to be awarded until 2024 [86]. The evolution of the PV installations in the period 2011–2018 is reviewed in [78]. In the same period, wind power projects attracted investments, leading to an installed capacity double that of PV systems [82].



A specific point of the evolution of the rules in Romania is the situation occurring for the PPAs. At the beginning of the electricity market restructuring, the PPAs were allowed in the Romanian market. In 2012, a change in the legislation did not allow PPA transactions between the producers and final users in an explicit way. This fact blocked the evolution of PV installations after 2016. The situation changed in 2020, after the EU Regulation 2019/943 [87] was applied in the National legislation (Official Gazette GEO no. 143/2021), removing the ban on the PPAs.



To reinforce RE production, since 2018, the Renewable Energy Act introduced specific rules to prosumers, consumers with local energy production, which are connected to the electrical grid [88]. The prosumers with a capacity up to 27 kWp were enabled to produce, store and sell to the grid the excess of generation, in the latter case being rewarded at the regulated price [89]. Successively, the Renewable Energy Act increased the limit for prosumers to 400 kWp. The result is a remarkable increase of prosumers in Romania, about tens of thousands.



At the end of December 2021, the Romanian Ministry of Energy organised a public online event that made known the intention concerning the launch of a new support scheme for renewable projects (wind, solar, hydro, biomass) representing a support mechanism for low-carbon electricity [17]. The European Bank for Reconstruction and Development (EBRD) supports the Romanian Ministry of Energy in implementing this new support scheme of CfD.



The CfD scheme analyses the electricity market price, regulatory, and inflation risks. The CfD scheme facilitates end-users to benefit from the cheapest form of renewable energy through the market competition determined by CfD auctions. The first CfD auctions are expected to be organised at the end of 2022 or early 2023. In addition, the CfD support scheme will provide auction winners with stable remuneration over a period of 15 years [17].



In the present situation, Romania needs to install additional capacity to fit the European Green Deal objectives of RE share of 30.7% in the gross final energy consumption [2]. Some sources indicate that this implies commissioning about 6 or 7 GW of new RE capacity from PV and wind generation by 2030 [80]. The 2021–2030 Integrated National Energy and Climate Plan in Romania has set a target of about 3.5 GWp of PV capacity. The recent funding sources available from different European channels (e.g., the Just Transition Fund [90], the Modernisation Fund [91], and the Cohesion Policy [92]) could speed up the installation and startup of the new RE plants.




2.6. Energy Policy Analysis in the United Kingdom


In the United Kingdom, the electricity generation from renewable sources accounted for 39.7% of the total electricity production (308.1 TWh) in 2021. In particular, wind and solar PV energy alone contributed 24.9% of total production. Wind is the largest source of renewable electricity in the UK: in 2021, the energy produced by onshore and offshore wind farms was 29.2 TWh and 35.5 TWh, respectively, while PV energy generation was 12.1 TWh. The share of RE in the generated electricity decreased compared to 2020. However, this reduction can be attributed to less favourable weather conditions for wind, photovoltaic and hydro generation [93]. Regarding the installed power, in 2021 onshore and offshore wind capacity reached 14.5 GW and 11.6 GW, respectively, while PV installations increased to 13.8 GW [94].



Renewable energy deployment in the United Kingdom has been supported by different policy schemes over the last decade. Three main support schemes promoted renewable electricity generation: the renewables obligation, the feed-in tariffs, and the contracts for difference.



The renewables obligation scheme was introduced in 2002 with the aim of placing an obligation on electricity suppliers to source part of their electricity from renewables. According to this mechanism, electricity suppliers must have Renewable Obligation Certificates (ROCs) for each megawatt-hour supplied. The Office of Gas and Electricity Markets (Ofgem), which is the National Regulatory Authority, issues ROCs to renewable producers who can sell them to suppliers or traders through negotiation. However, there are also certificate trading exchanges. Suppliers who are unable to demonstrate to Ofgem their compliance with the obligation have to pay for each ROC. The money from these payments is collected in a fund and transferred on a pro-rata basis to suppliers who present ROCs. The cost for ROCs, borne by energy suppliers, is passed on to end users through their electricity bills. The renewables obligation scheme was replaced by the contracts for difference on 31 March 2017. From 2002 up to the end of the scheme, 25,156 power stations with a total capacity of 29.2 GW were accredited by Ofgem. Thanks to renewables obligation, 28.3 million tons of CO2-equivalent emissions were avoided through renewable electricity generation.



The FiTs scheme was introduced in 2010 to support the deployment of small-scale low-carbon electricity generators. This mechanism incentivizes both renewable generation systems (PV, onshore wind and hydroelectric) and micro cogeneration and anaerobic digestion. Under this scheme, producers receive a generation tariff for every kilowatt-hour produced and an export tariff on the electricity exported to the local grid. These tariffs are regularly revised to promote investment in small-scale low-carbon electricity generators, while avoiding overcompensation. In addition to the tariffs, producers can benefit from reduced energy costs by consuming energy produced onsite (self-consumption). As for the previously described scheme, the cost for feed-in tariffs, borne by electricity suppliers, is passed on to consumers through their electricity bills [95]. Since 2010, this scheme has supported more than 850,000 installations with a total capacity of about 6.5 GW, mainly photovoltaic (almost 80%) [96].



The contracts for difference were introduced in 2013 as a support mechanism for large-scale low-carbon energy generation. A contract for difference is a long-term contractual agreement between a low-carbon electricity producer and the government-owned Low Carbon Contracts Company (LCCC). The contract, won through a competitive process, guarantees a certain electricity price (called a strike price) over the lifetime of the contract, typically 15 years. If the market price for electricity is lower than the strike price, LCCC pays the producer the difference, using money provided by a levy on electricity suppliers (who pass this cost on to consumers). Vice versa, when the strike price is lower than the market price, the producer pays the difference to LCCC, and the money is returned to suppliers. Due to the fixed price for the sale of electricity, the contracts for difference improve the predictability of the income. Therefore, this scheme reduces risks for investors and lowers the cost of capital for developers, supporting investment in renewable technologies. Thanks to these contracts, significant reductions in the costs of some renewable technologies, particularly offshore wind, have occurred [95]. In terms of capacity, the contracted projects exceed 5 GW [97].





3. Analysis of the Renewable Energy Policies in South Asia


Over the years, the Strengths, Weaknesses, Opportunities, Threats (SWOT) methodology [98] was used by many researchers to assess the development of the RE sector. The SWOT methodology is a decision tool and is divided into four parts (Strengths—RE potential, Weaknesses—difficulty in procuring RE technologies, Opportunities—energy policies used by the state, and Threats—political instability, energy dependence on other countries, and the presence of fossil sources in the territory). In this case, the strengths and weaknesses of the internal environment and the opportunities and threats of the external environment are identified. An analysis of the internal and external environment of the RE sector of some South Asian countries such as Sri Lanka, India, Pakistan, Bangladesh, and the Philippines by means of SWOT methodology was carried out in [99]. Among the countries analysed, India has the highest amount of energy supplied from RE sources. The Indian renewable energy sector is more developed than that of other South Asian nations. In fact, India stands third in the Renewable Energy Country Attractiveness Index (RECAI) ranking, whereas Pakistan is in 36th place India provides large subsidies on starting capital; however, it has the highest interest rates compared to other countries (12–15%). India also prefers to develop domestic manufacturing industries, thus setting an import tax. Pakistan prefers to develop new projects, often importing technologies from other countries. There are no general policies for subsidising RE development, and countries with similar resources use different incentive schemes. Table 1 shows the energy policies in some South Asian countries.



The effect of the “Feed-in Tariff” (FiT) energy policy on the RE sources diffusion in developing countries is shown in [100], with the Philippines as a case study. It is highlighted how this kind of policy is the most advantageous for encouraging small RE (e.g., PV and wind) plants. This incentive reduces the problem linked to the uncertainty of the source, making the investment safer. In the Philippines, the FiT equals 15.7 cEUR/kWh for PV systems and 13.3 cEUR/kWh for wind generators. It is also shown how large generation plants, both renewable and traditional, which cover a large part of the baseload, are less attracted by this type of incentive. This occurs because these projects have long development and construction cycles and prefer Project Finance (PF) incentives. The PF is a long-term investment that companies collect in the project phase based on the future revenues that the plant will be able to guarantee.




4. Renewable Energy Tariff Policies in Sri Lanka


In 1992, the National Environmental Action Plan (NEAP) was drafted, focusing on the problems of climate change. In 1993, the Government of Sri Lanka also joined the United Nations Framework Convention on Climate Change (UNFCCC) [103]. The decisive moment for the state was the creation of the Climate Change Secretariat (CCS) in 2008; by means of the CCS institution, the National Climate Change Policy (NCCP) was initially formulated in 2010. In 2016, Sri Lanka decided to sign the Paris Agreement outlined during COP-21 [104]. Then, indicators and set constraints (INDC) were established by the state to be implemented by 2030.



The first approach to RE incentives in Sri Lanka was already analysed in the early 1990s [105]. The FiT incentive encouraged electricity generation mainly from small hydroelectric plants. By means of this incentive, the electricity selling price from RE sources was maintained at a higher level. In this case, the tariff was based on avoided costs in the contract period of fifteen years. The first initiative beyond the avoided cost tariffs was to pay a premium of LKR 2.50 per kWh for biomass power plants. The Sri Lanka Sustainable Energy Authority’s predecessor organisation Energy Conservation Fund implemented this program through a tool known as the Sri Lanka Energy Fund, using funds from the Government treasury to pay the premium on the actual power generation on a monthly basis. This model was developed further, leading to the cost-based, technology-specific three-tier tariff. With the latter scheme, the tariff is designed to cover the costs of the initial capital and those of operations and maintenance established in the design phase. The incentive policy changed to a competitive bidding process in 2016, realising significant tariff reductions compared to incentives given before 2012 (e.g., the wind tariff fell from 24.99 to 13.60 LKR/kWh).



Prahastono et al. [106] present a document of the policies implemented in 2010 and then updated in 2016 within the “Soorya Bala Sangramaya” program to encourage the development of RE in the country using solar PV rooftop systems as a technology. In the period 2010 to 2016, the Net Metering (NM) scheme was used to encourage on-site power generation from any RE source on a fifteen-year contract. An NM scheme works by accounting for the net energy consumed by the customer, or rather from the metering of the energy withdrawn and fed into the grid. Through a bidirectional meter, the prosumer is charged for net energy consumption at the end of the billing period. The utilisation of this incentive allows the use of the distribution grid as a virtual storage system saving the installation costs of electrochemical batteries [107].



Jayaweera et al. [102] present the Tariff Structure of electricity prices in Sri Lanka to encourage the NM scheme. In this structure, the electricity price has been made proportional to the monthly consumption of electricity. In this way, by installing solar PV systems with a bidirectional meter, less energy is purchased from the main electricity grid. This aided in lowering the total consumption and the cost, as illustrated in Table 2.



With NM, if the active user (or prosumer) produces more energy than imports, the prosumer will only have to pay a minimal flat fee, and the net energy fed into the grid will be used as a credit for subsequent billing, which can be carried forward for a period of ten years. If, on the other hand, the prosumer imports more energy than what is produced plus any previous credits, it is required to pay a tax based on the net energy consumed in addition to the fixed charge [101].



In addition to NM, the Sri Lankan Government introduced two other programs in 2016 to enhance solar energy generation, called Net Accounting and Net Plus [102]. The Net Accounting scheme is similar to the NM system, but it is applied only to rooftop PV systems. Rather than being converted into credits, extra net energy produced is sold to the grid operator for 9.6 cEUR/kWh for the first seven years and 6.8 cEUR/kWh from the 8th to the 20th year. If the imported energy is higher, the consumer will have to pay the net energy at the market price. With the Net Plus scheme, the consumer will be able to feed electricity into the grid, which will be paid at the same rate as Net Accounting. The consumption will be quantified by another meter, and the energy imported from the grid will be paid by the consumer at market rates [101]. Table 3 summarises the information on the two incentive schemes.



A mathematical model and an implementation algorithm for NM applied to a PV system are presented in [107]. The algorithm considers the values from the solar meter and bidirectional meter. The results indicate a reduction in unit consumption, minimising the electricity bill.



In [108], a study was conducted on the various factors that influence people’s attractiveness to use NM, conducted for Sri Lanka. It was determined that this kind of incentive is technologically useful to satisfy an increase in electricity demand by reducing the purchase costs from the grid. The study concludes that the slowed NM development does not concern technical reasons but the Tariff Structure. In particular, the proportional scheme of the electricity tariff based on consumption prompted many large consumers to use the NM scheme. The electricity company that subsidises this scheme could suffer serious financial losses. The operator is forced to raise the price of electricity with serious effects on small consumers. The NM scheme is very functional in encouraging self-consumption when generation and load are simultaneous. In the case of Sri Lanka, the domestic demand is higher from 6 p.m. to 10 p.m., so when there is no generation by PV systems. For these reasons, the NM development in Sri Lanka saw only the high-volume residential energy users benefitting at the expense of other customers and the utility’s profitability.



According to a report published by the Sri Lanka Sustainable Energy Authority titled “Grid Connected Non-Conventional Renewable Energy (NCRE) Projects up to June 30, 2020”, 260 RE projects have been grid-connected since 1998 [109]. Table 4 summarises the variation in the capacity expansion and the number of grid-connected projects before and after the significant tariff reductions in 2016.



According to the indications reported in Table 4, the pace of RE project development suffered due to a legal impediment related to the purchase of energy without a competitive procurement process. Changes in public attitude towards small hydro projects and biomass supply chain issues also contributed to the poor growth in micro-hydro, dendro/biomass-based RE capacity. There is a total of 12 MW of solar PV and 20 MW of wind capacity addition until June 2020, within a 5-year period from the introduction of the new tariff in 2016. According to Ceylon Electricity Board data, the total addition of solar PV systems to the grid by July 2021 was 33 MW, with an additional 77 MW of solar power plants planned to be completed by the end of 2022. Considering the current RE capacity of Sri Lanka, these figures are still low, and the slower growth in this pace is generally attributed to the long delays in land acquisition experienced by renewable energy project developers. Sri Lanka had 32,411 roof PV installations with a combined capacity of 367 MW at the end of April 2021. Thus, there are 16,472 Net Metering installations (121 MW), 14,392 Net Accounting installations (113.5 MW), and 1547 Net Plus installations (132 MW) [110]. Since 2016, the total RE capacity connected to the grid by the end of 2021 includes 20 MW of wind, 33 MW of solar power plants, and 367 MW of roof solar installations. In Sri Lanka, there are no direct incentives for purchasing electrical storage systems, but the energy policies applied by the state could encourage the spread of such systems, mainly integrated with PV systems.



Regarding the production chain of the PV industry, the chain can be divided into two main parts: manufacturing PV cells and assembling PV modules. Solar-grade silicon is the first essential ingredient needed for the manufacturing of PV cells, and it is produced by fusing quartz sand at extremely high temperatures [111]. Sri Lanka is a quartz sand producer, but it is currently lacking in the facilities and technologies for producing solar-grade silicon. Furthermore, the solar cell manufacturing process requires high technology levels and related high investments, but Sri Lanka is not currently able to invest under the current economic and energy crisis. Thus, in this status, only PV modules assembly is possible. It mainly consists of the electrical connection of PV cells and their encapsulation, using cells imported from other countries (mainly from China) [112]. The creation of a photovoltaic supply chain, starting from the assembly of PV modules, could be an opportunity to develop more competences in PV technology, and better use the available natural resources. Unfortunately, there is no such strategic plan in the current government policies in Sri Lanka.



Four Case Studies for Residential, Commercial, and Industrial Users in Sri Lanka


In this subsection, the financial analysis of the investment for four grid-connected PV systems of different rated power (from 1 kW to 1 MW) is presented. First, the application of the existing incentive schemes for PV systems in Sri Lanka is investigated. Then, a modified version of the current support schemes is proposed for two of the four cases with the aim of making the investment in PV systems more cost-effective.



In the first case (CASE#1), the Net Accounting scheme previously described is applied to a 1 kW rooftop PV system. The unitary investment cost for residential PV systems is assumed to equal to 1200 EUR/kW, while the maintenance cost is 1% of the investment cost. After 15 years of operation, it is necessary to replace the inverter, with a cost of about 240 EUR/kW. Regarding the revenues, the yearly bills are reduced thanks to self-consumption, which is supposedly equal to 30% (typical value for residential PV plants). The avoided cost is equal to the cost of grid-supplied electricity: assuming a yearly load of 1400 kWh and a monthly consumption in the range of 91–120 kWh, the cost of electricity provided by the grid is 12.2 cEUR/kWh, according to Table 2. In addition, the PV energy surplus injected into the grid is sold at the price established by the Net Accounting scheme (9.6 cEUR/kWh for the first 7 years, 6.8 cEUR/kWh from the 8th to the 20th year). To actualize the annual cash flows, a discount rate of 10% is assumed due to the ongoing economic recession in Sri Lanka. Table 5 shows the ratio of the 20-year Net Present Value (NPV) to the Investment Cost (IC), the Internal Rate of Return (IRR), and the Discounted Payback Period (DPP) of CASE#1 applying the Net Accounting scheme.



Considering the above-listed assumptions and applying the Net Accounting scheme to CASE#1, the investment results are not profitable. If the remuneration of the PV energy injected into the grid in the first 7 years is increased to 15 cEUR/kWh (about 50% more than the current value), the investment returns within the incentive period, i.e., before 20 years, as shown in Table 6.



If the economic analysis on the 1 kW PV system had been carried out in a national context with a larger number of small PV systems installed, the results shown in Table 5 would have been different. Indeed, as a consequence of economies of scale (the passage from a few thousand to hundreds of thousands of rooftop PV systems in Sri Lanka), the so-called experience curve, expressed by Wright’s law unit cost curve, justifies the reduction of about 20% in the installation cost every time the total cumulative installed PV power doubles. Thus, the DPP applying the Net Accounting support scheme would be 10 years in a national context with four times the installed capacity of small rooftop PV systems.



In the second case (CASE#2), the same support scheme applied in CASE#1 (Net Accounting) is applied to a 10 kW PV system. A generation system of this scale is representative of a PV plant supplying an aggregation of residential users or a small commercial user. In this case, the unitary investment cost is assumed to be lower than in CASE#1 (1000 EUR/kW) as well as the cost for the inverter replacement (200 EUR/kW). A higher local consumption of PV energy is expected: thus, a self-consumption of 45% is assumed. Finally, a higher yearly load (14,000 kWh) and a higher monthly consumption (>180 kWh) with respect to CASE#1 are supposed. According to Table 2, the cost of electricity provided by the grid, and consequently the avoided cost due to self-consumption, is 19.7 cEUR/kWh. Table 7 shows the economic results of CASE#2.



Unlike CASE#1, the Net Accounting scheme applied on a PV system with a rated power ten times larger pays back the investment in the 9th year of operation.



In the third case (CASE#3), the Net Plus support scheme is applied to a commercial/industrial PV system with a rated power of 100 kW. In this case, the unitary investment cost for the PV system is 700 EUR/kW, while the maintenance cost is about 7 EUR/kW/year (1% of the initial investment). After 15 years of operation, it is necessary to replace the inverter, with a cost of about 140 EUR/kW. The revenues consist of remuneration for PV energy fed into the grid, regulated by the Net Plus scheme (9.6 cEUR/kWh for the first 7 years, 6.8 cEUR/kWh from the 8th to the 20th year). As in the previous cases, the discount rate is set equal to 10%. The economic results of CASE#3 are summarized in Table 8.



In this case, the 20-year NPV is positive, and the investment returns within the incentive period. However, the DPP is too long for the majority of commercial/industrial investors who usually require around eight years. If the initial remuneration tariff for PV energy injected into the grid (9.6 cEUR/kWh) is increased by 10%, the DPP is reduced to eight years, as shown by the results in Table 9.



If the analysis on the 100 kW PV system had been carried out in a national context with a doubled installed capacity of PV systems with similar rated power, the costs would have been lower due to economies of scale and the DPP with the current Net Plus scheme would have been reduced to about six years.



In the fourth case (CASE#4), the Net Plus support scheme is applied to a utility PV system with a higher rated power (1 MW) than in the previous case. Some economic assumptions are different with respect to CASE#3: the unitary investment cost is lower (650 EUR/kW) as well as the maintenance cost (6.5 EUR/kW/year) and the inverter replacement cost (130 EUR/kW). The economic results of CASE#4 are shown in Table 10.



Unlike CASE#3, the Net Plus scheme applied on a 1 MW commercial/industrial PV system pays back the investment within 8 years.



The results presented in this Subsection demonstrated that the existing incentive scheme for PV systems in Sri Lanka should be improved. The reason is that incentives are not effectively calibrated according to the size of the plants. PV systems with a rated power of ≈10 kW (CASE#2) and big plants (CASE#4) are already adequately incentivized. On the other hand, residential PV systems with a rated power of ≈1 kW (CASE#1), and medium sizes plants (≈100 kW, CASE#3) do not receive a sufficient incentive. Thus, a new incentive scheme should be implemented: for the small plants, the incentive should be increased to about 50% more than the current value. In the case of medium size plants, it should be increased by at least 10%.





5. Discussion


In terms of the results of the EU policies, the capacity of PV plants and wind turbines increased dramatically in most of the analysed countries [111]. Germany, as the nation in the first place, since the beginning, in the ranking of European countries for the installation of PV and wind systems, was one of the promoters of the FiT scheme in Europe. In Germany, in the timeframe 2010–2020, there was a high and constant increase in the production from renewables: it was 50 TWh in 2010 and it reached 180 TWh in 2020, mainly thanks to the installation of new wind farms. This constant increase was possible thanks to a constant update of the policies. The FiT reduction and the introduction of an auction system were properly done. The FiT reduction followed the reduction of the installation cost of RES, but it was always done to guarantee the effectiveness of the investments in PV and wind.



The FiT mechanism was adopted in many other states. For example, in Italy, during the first years of the incentive (until 2012), the tariff was very high, on average around 20–40 cEUR/kWh. As a result, the PV and wind energy production increased from 11 TWh/year in 2010 up to 32 TWh/year in 2012, mostly thanks to PV. Finally, after the end of the high FiT in 2012, in the last 10 years, the energy production increased up to 45 TWh/year, thanks to lower but proper mechanism of incentivisation, such as auctions and tax reductions. In the UK, the wind and PV production in 2010 was 18 TWh/year, and, mainly thanks to wind farms, it raised to 88 TWh/year; these results were obtained first with important FiT mechanisms, then with contracts for difference. Regarding Spain, wind farms produced 44 TWh in 2010, and this amount increased to 57 in 2013, thanks to regulated tariffs. These tariffs were strongly reduced in 2013 with almost a stop in new plants until 2019, also due to the introduction of mechanisms not favorable for RES (such as the tax based on the self-consumption of electricity produced by PV systems). The turnaround occurred in 2018–2020, with the removal of the above-mentioned tax and the introduction of an auction system, and other mechanisms; thus, PV and wind production reached 72 TWh in 2020. Finally, in Romania, the PV production was negligible in 2010, while wind farms produced 0.3 TWh. Thanks to the implementation of the “green certificates” mechanism, production reached 9 TWh in 2014. Nevertheless, due to issues related to the management of the grid due to this energy amount from fluctuant renewables, the value of the green certificates was reduced by the government. As a result, the increment of new installations is negligible since 2014 [113]. In the last two years, the Romanian government has been working on new mechanisms to increase RES share according to EU goals.



The generous tariffs were offered about 20 years ago for two main reasons. First, the costs of PV modules and inverters were so high that a high revenue was necessary to justify an important investment and to have remarkable NPV in the long term. Secondly, there was the need to create and train a whole sector of companies, engineers, workers, etc., with skills in installing and operating RE plants. The FiT system had great results, with exponential growth in installing new systems, especially photovoltaic plants. Indeed, the high incentives allowed the development of RE technology at both residential (small plants up to 20 kW) and commercial/industry levels (from a few tens of kW up to multi-MW plants). Thanks to the tariff, the investment was always repaid within the lifespan for a residential user and in about eight years for large systems.



The investments in these technologies increased the widespread installation of RE technologies around the world, with a consequent strong reduction in manufacturing costs. In less than 10 years, the cost of PV modules was reduced by more than two-thirds (from about 1 EUR/W to less than 0.3 EUR/W). In addition to the decrease in costs, in EU countries, many companies were already skilled in RE generation. As a result, installing RE systems, especially wind farms and PV plants, is considered among the safest investments and is increasingly bought by investment funds and pension funds. Then, in many EU countries, high FiT is no longer necessary. Many EU countries decided to reduce or abandon the FiT and foster competition among the companies replacing it with another incentive system to guarantee an adequate increase in new installations and reach the emission reduction goals.



Currently, many EU countries have divided the policies for the development of RE according to the capacity of the plants. In the case of big plants, the auction system is the most used: all the EU countries analysed in this paper are using this incentive system. In this way, a competitive system is created to try to reach the optimal compromise between the installation of new plants (necessary for the reduction of emissions) and the revenues of private companies. In the case of small plants, many EU states use other methods, such as SSP and tax refunds in Italy, grants of up 50% of the capital in Germany, or other benefits that will be introduced in 2023 for prosumers in Romania.



In the case of Sri Lanka, prior to RE tariff policy changes in 2016, some hundreds of RE projects were referring to grid-connected plants, in particular, two-thirds of the total were dendro/biomass and small-hydro plants. However, after 2016, there were no more dendro/biomass and small-hydro projects due to technical limits. From 2016 to 2021, some hundreds of MW of PV plants (both rooftop and ground-mounted PV arrays) and a few tens of MW of wind power systems have been installed. The poor performance of the policies in Sri Lanka is attributed to problems experienced in the competitive bidding process for large-scale RE plants and the issues related to acquiring the corresponding amounts of land for utility-scale wind and solar PV projects.



Furthermore, in the 1–1000 kW range, it has been demonstrated by using well-known indicators (NPV, IRR, and DPP) that the current economic performance for solar PV systems is moderate. In two of the four case studies analysed (CASE#1 and CASE#3), more generous incentive tariffs are required to make the PV investment profitable. In particular, the small plants (few kW) should receive an incentive at least of 15 cEUR/kWh, which is ≈50% higher than the current remuneration tariff for PV energy injected into the grid. In the case of medium size plants (≈100 kW), the remuneration should be increased by at least 10%.



In this context, it can be concluded that since 2016, there has been a focus on bringing more prosumers to the grid system rather than developing new network infrastructure for RE in Sri Lanka. Indeed, the introduction of competitive bidding in a market that depended heavily on feed-in-tariff, without room for the gradual transformation of the process, contributed to dampening the enthusiasm of the developers to engage in RE sector infrastructure development. As a result, small hydro, dendro/biomass, large-scale solar PV, and wind power plants had little or no capacity additions.




6. Conclusions


The RE policies of a selected number of European countries have been reviewed to identify the solutions adopted and the paths followed over time for policy upgrading. The review analysis concludes that a plan is needed in Sri Lanka for a complete overhaul of the system to procure renewable energy and attract large-scale investments for the RE development program.



This plan will have to include the development of the grid infrastructure, the financial support of offshore RE plants, and the creation of a transition phase between the feed-in tariffs and the competitive bidding logic. Following the example of the EU, this transition phase can be different according to the RE technologies and differentiated accordingly to the size of the new installations.



Finally, another key point for RE development in Sri Lanka is to allocate investments for the creation of a photovoltaic supply chain, starting from the assembly of PV modules. Benefits will be many: e.g., more competencies in design, installation, operation, and maintenance, and in the future, reduced costs for the widespread use of PV technology in the island.
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	National Regulatory Authority for Energy
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	CPV
	Concentrating Photovoltaic
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	LRET
	Large-scale Renewable Energy Target



	NCCP
	National Climate Change Policy



	NCRE
	Non-Conventional Renewable Energy



	NEAP
	National Environmental Action Plan



	NREAP
	National Renewable Energy Action Plan



	NM
	Net Metering



	NPV
	Net Present Value



	PF
	Project Finance



	PPA
	Power Purchase Agreement



	PV
	Photovoltaic



	RE
	Renewable Energy



	RPO
	Renewable Portfolio Obligations



	RPS
	Renewable Portfolio Standard



	StrEG
	Stromeinspeisungsgesetz



	SSP
	Scambio sul Posto



	SWOT
	Strengths Weaknesses Opportunities Threats



	TPV
	Traditional PV plants



	UNFCCC
	United Nations Framework Convention on Climate Change



	VAT
	Value Added Tax







References


	



European Commission. A European Green Deal. Available online: https://commission.europa.eu/document/daef3e5c-a456-4fbb-a067-8f1cbe8d9c78_en (accessed on 10 October 2022).

	



Fratean, A.; Dobra, P. Technical and economic viability of greenfield large scale photovoltaic plants in Romania. Sustain. Energy Technol. Assess. 2022, 53, 102486. [Google Scholar] [CrossRef]

	



European Commission. COM(2021) 550 Final Communication from the Commission to the European Parliament, the Council, the European Economic and Social Committee and the Committee of the Regions, ‘Fit for 55′: Delivering the EU’s 2030 Climate Target on the Way to Climate Neutrality, Brussels, Belgium. Available online: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52021DC0550 (accessed on 14 July 2021).

	



Kougias, I.; Taylor, N.; Kakoulaki, G.; Jäger-Waldau, A. The role of photovoltaics for the European Green Deal and the recovery plan. Renew. Sustain. Energy Rev. 2021, 144, 111017. [Google Scholar]

	



Spertino, F.; Ciocia, A. Solar energy, wind energy and storage for the electricity grid of today and tomorrow. In Proceedings of the Science and the Future 2 Conference, Contradictions and Challenges, Torino, Italy, 27 September 2018. [Google Scholar]

	



Bersalli, G.; Menanteau, P.; El-Methni, J. Renewable energy policy effectiveness: A panel data analysis across Europe and Latin America. Renew. Sustain. Energy Rev. 2020, 133, 110351. [Google Scholar]

	



Marinescu, N. Changes in Renewable Energy Policy and Their Implications: The Case of Romanian Producers. Energies 2020, 13, 6493. [Google Scholar] [CrossRef]

	



Pleßmann, G.; Blechinger, P. How to meet EU GHG emission reduction targets? A model-based decarbonisation pathway for Europe’s electricity supply system until 2050. Energy Strategy Rev. 2017, 15, 19–32. [Google Scholar] [CrossRef]

	



Bompard, E.; Ciocia, A.; Grosso, D.; Huang, T.; Spertino, F.; Jafari, M.; Botterud, A. Assessing the role of fluctuating renewables in energy transition: Methodologies and tools. Appl. Energy 2022, 314, 118968. [Google Scholar] [CrossRef]

	



REN21. Global Status Report, REN21 Secretariat; REN21: Paris, France, 2018. [Google Scholar]

	



IRENA, I. Renewable Power Generation Costs in 2017 Report; International Renewable Energy Agency: Abu Dhabi, United Arab Emirates, 2018. [Google Scholar]

	



Haas, R.; Panzer, C.; Rescha, G.; Ragwitz, M.; Reece, G.; Held, A. A historical review of promotion strategies for electricity from renewable energy sources in EU countries. Renew. Sustain. Energy Rev. 2011, 15, 1003–1034. [Google Scholar]

	



Cia Alves, E.E.; Steiner, A.; de Almeida Medeiros, M.; da Silva, M.E.A. From a breeze to the four winds: A panel analysis of the international diffusion of renewable energy incentive policies (2005–2015). Energy Policy 2019, 125, 317–329. [Google Scholar] [CrossRef]

	



Maurer, L.; Barroso, L. Electricity Auctions: An Overview of Efficient Practices; The World Bank: Washington, DC, USA, 2011. [Google Scholar]

	



Jensen, G. Green Certificates and Emission Permits in the Context of a Liberalised Electricity Market. In Proceedings of the First Student Conference of the Mexican Association for Energy Economics, Mexico City, Mexico, 20 September 2001. [Google Scholar]

	



Voogt, M.; Boots, M.G.; Schaeffer, G.J.; Martens, J.W. Renewable electricity in a liberalised market—The concept of green certificates. Energy Environ. 2000, 11, 65–79. [Google Scholar]

	



Ministry of Energy. Industry Briefing Event—Launch of CfD Scheme. 2021. Available online: http://energie.gov.ro/wp-content/uploads/2021/12/Industry-Briefing-Event-Launch-of-a-CfD-Scheme-in-Romania-8-DEC-21.pdf (accessed on 10 October 2022).

	



European Commission. Communication from the Commission—Guidelines on State Aid for Climate. environmental protection and energy. 2022. Available online: https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=OJ:C:2022,080,FULL&from=EN (accessed on 8 October 2022).

	



Anatolitis, V.; Azanbayev, A.; Fleck, A.K. How to design efficient renewable energy auctions? Empirical insights from Europe. Energy Policy 2022, 166, 112982. [Google Scholar]

	



Del Río, P.; Linares, P. Back to the future? Rethinking auctions for renewable electricity support. Renew. Sustain. Energy Rev. 2014, 35, 42–56. [Google Scholar]

	



Matthäus, D. Designing effective auctions for renewable energy support. Energy Policy 2020, 142, 111462. [Google Scholar] [CrossRef]

	



Batz Lïneiro, T.; Müsgens, F. Evaluating the German PV auction program: The secrets of individual bids revealed. Energy Policy 2021, 159, 112618. [Google Scholar]

	



Kreiss, J.; Ehrhart, K.M.; Haufe, M.C.; Soysal, E.R. Different cost perspectives for renewable energy support: Assessment of technology-neutral and discriminatory auctions. Econ. Energy Environ. Policy 2021, 10, 197–201. [Google Scholar] [CrossRef]

	



United States Environmental Protection Agency (EPA). Available online: https://www.epa.gov/green-power-markets/solar-power-purchase-agreements (accessed on 6 October 2022).

	



Chicco, G.; Mazza, A. Understanding the Value of Net Metering Outcomes for Different Averaging Time Steps. In Proceedings of the International Conference on Smart Energy Systems and Technologies (SEST), Istanbul, Turkey, 7–9 September 2020. [Google Scholar]

	



Ziras, C.; Calearo, L.; Marinelli, M. The effect of net metering methods on prosumer energy settlements. Sustain. Energy Grids Netw. 2021, 27, 100519. [Google Scholar]

	



Muhammed, G.; Tekbiyik-Ersoy, N. Development of Renewable Energy in China, USA, and Brazil: A Comparative Study on Renewable Energy Policies. Sustainability 2020, 12, 9136. [Google Scholar]

	



Australian Government. Renewable Energy Target Scheme. Available online: https://www.industry.gov.au/policies-and-initiatives/renewable-energy-target-scheme (accessed on 6 October 2022).

	



Japanese Ministry of Economy, Trade and Industry. Renewable Energy Purchase Prices, Surcharge Rate, and Other Details related to FIT and FIP Schemes from FY2022 Onward to Be Determined. Available online: https://www.meti.go.jp/english/press/2022/0325_004.html (accessed on 8 January 2023).

	



Praveen, R.P.; Keloth, V.; Abo-Khalil, A.G.; Alghamdi, A.S.; Eltamaly, A.M.; Tlili, I. An insight to the energy policy of GCC countries to meet renewable energy targets of 2030. Energy Pol. 2020, 147, 111864. [Google Scholar] [CrossRef]

	



Al-Marri, W.; Al-Habaibeh, A.; Watkins, M. An investigation into domestic energy consumption behaviour and public awareness of renewable energy in Qatar. Sustain. Cities Soc. 2018, 41, 639–646. [Google Scholar] [CrossRef]

	



Umar, T.; Egbu, C.; Ofori, G.; Honnurvali, M.S.; Saidani, M.; Opoku, A. Challenges towards renewable energy: An exploratory study from the Arabian Gulf region. Proceedings of the Institution of Civil Engineers. Energy 2020, 73, 68–80. [Google Scholar]

	



Gurriaran, L.; Tanaka, K.; Bayram, I.S.; Proestos, Y.; Lelieveld, J.; Ciais, P. Warming-induced increase in power demand and CO2 emissions in Qatar and the Middle East. J. Clean. Prod. 2023, 382, 135359. [Google Scholar]

	



Three-Lanka Project Training Hub of Renewable Energy Technologies for Sri Lanka. Available online: https://threelanka.com/ (accessed on 8 February 2023).

	



THREE-LANKA Project, Deliverable of Work Package 1, “Gap Analysis, Market Needs Analysis of Renewable Energy Technologies in Sri Lanka and Benchmarking with the Best Practices in Europe”. Available online: http://www.threelanka.com/project-deliverables (accessed on 8 February 2023).

	



Talavera, D.L.; Muñoz-Cerón, E.; Ferrer-Rodríguez, J.P.; Nofuentes, G. Evolution of the cost and economic profitability of grid-connected PV investments in Spain: Long-term review according to the different regulatory frameworks approved. Renew. Sustain. Energy Rev. 2016, 66, 233–247. [Google Scholar]

	



European Research Project RE-Shaping, “D23 Final Report: RE-Shaping: Shaping an Effective and Efficient European Renewable Energy Market. Available online: http://www.reshaping-res-policy.eu/downloads/Final%20report%20RE-Shaping_Druck_D23.pdf (accessed on 8 February 2023).

	



Zamfir, A.; Colesca, S.E.; Corbos, R.A. Public policies to support the development of renewable energy in Romania: A review. Renew. Sustain. Energy Rev. 2016, 58, 87–106. [Google Scholar] [CrossRef]

	



Council of European Energy Regulators. Status Review of Renewable Support Schemes in Europe for 2018 and 2019; Council of European Energy Regulators: Brussels, Belgium, 2021. [Google Scholar]

	



Di Dio, V.; Favuzza, S.; La Cascia, D.; Massaro, F.; Zizzo, G. Critical assessment of support for the evolution of photovoltaics and feed-in tariff(s) in Italy. Sustain. Energy Technol. Assess. 2015, 9, 95–104. [Google Scholar]

	



Spertino, F.; Di Leo, P.; Cocina, V. Economic analysis of investment in the rooftop photovoltaic systems: A long-term research in the two main markets. Renew. Sustain. Energy Rev. 2013, 28, 531–540. [Google Scholar]

	



Cabuk, A.S.; Ustun, O. Investigation of Concentrated Irradiance Effects on PV Cells. In Proceedings of the 2019 11th International Conference on Electrical and Electronics Engineering (ELECO), Bursa, Turkey, 28–30 November 2019; pp. 12–16. [Google Scholar]

	



Orioli, A.; Di Gangi, A. Six-years-long effects of the Italian policies for photovoltaics on the grid parity of grid-connected photovoltaic systems installed in urban contexts. Energy 2017, 130, 55–75. [Google Scholar] [CrossRef]

	



Cerino Abdin, G.; Noussan, M. Electricity storage compared to net metering in residential PV applications. J. Clean. Prod. 2018, 176, 175–186. [Google Scholar] [CrossRef]

	



Poponi, D.; Basosi, R.; Kurdgelashvili, L. Subsidisation cost analysis of renewable energy deployment: A case study on the Italian feed-in tariff programme for photovoltaics. Energy Policy 2021, 154, 112297. [Google Scholar]

	



Ciocia, A.; Ahmad, J.; Chicco, G.; Di Leo, P.; Spertino, F. Optimal size of photovoltaic systems with storage for office and residential loads in the Italian net-billing scheme. In Proceedings of the 51st International Universities Power Engineering Conference (UPEC), Coimbra, Portugal, 6–9 September 2016; pp. 1–6. [Google Scholar]

	



Ciocia, A.; Boicea, V.; Dematteis, A.; Di Leo, P.; Giordano, F.; Spertino, F. PV system integration in buildings: An energy and economic case study. In Proceedings of the 10th International Symposium on Advanced Topics in Electrical Engineering (ATEE), Bucharest, Romania, 23–25 March 2017; pp. 786–790. [Google Scholar]

	



Italian Regulatory Authority for Energy, Networks and Environment (ARERA). Relazione Tecnica Alla Deliberazione 20 Dicembre 2012, 570/2012/R/efr. Relazione Tecnica Modalità e Condizioni Tecnico Economiche per L’erogazione del Servizio di Scambio sul Posto. Available online: https://www.arera.it/allegati/docs/12/570-12rt.pdf, (accessed on 8 February 2023). (In Italian)

	



Presidente della Repubblica. Decreto Legislativo 8 Novembre 2021, n. 199. Available online: https://www.gazzettaufficiale.it/eli/id/2021/11/30/21G00214/sg (accessed on 8 November 2022). (In Italian).

	



GSE. Incentivi DM 04/07/2019. Available online: https://www.gse.it/servizi-per-te/fonti-rinnovabili/fer-elettriche/incentivi-dm-04-07-2019 (accessed on 8 November 2022). (In Italian).

	



GSE. Ritiro Dedicato. Available online: https://www.gse.it/servizi-per-te/fotovoltaico/ritiro-dedicato (accessed on 8 November 2022). (In Italian).

	



Leiren, M.D.; Inken Reimer, I. Historical institutionalist perspective on the shift from feed-in tariffs towards auctioning in German renewable energy policy. Energy Res. Soc. Sci. 2018, 43, 33–40. [Google Scholar]

	



Dehler-Holland, J.; Schumacher, K.; Fichtner, W. Topic Modeling Uncovers Shifts in Media Framing of the German Renewable Energy Act. Patterns 2021, 2, 100169. [Google Scholar] [CrossRef]

	



Antal, M.; Karhunmaa, K. The German energy transition in the British, Finnish and Hungarian news media. Nat. Energy 2018, 3, 994–1001. [Google Scholar]

	



German Advisory Council on the Environment (SRU). Shaping the Electricity Market of the Future, Special Report. 2013. Available online: https://www.umweltrat.de/SharedDocs/Downloads/EN/02_Special_Reports/2012_2016/2014_02_SG_Shaping_the_Electricity_Market_of_the_Future.pdf? (accessed on 8 February 2023).

	



Schiffer, H.W.; Trüby, J. A review of the German energy transition: Taking stock, looking ahead, and drawing conclusions for the Middle East and North Africa. Energy Transit. 2018, 2, 1–14. [Google Scholar] [CrossRef]

	



Matschoss, P.; Bayer, B.; Thomas, H.; Marian, A. The German incentive regulation and its practical impact on the grid integration of renewable energy systems. Renew. Energy 2019, 134, 727–738. [Google Scholar]

	



Winter, S.; Schlesewsky, L. The German feed-in tariff revisited—An empirical investigation on its distributional effects. Energy Policy 2019, 132, 344–356. [Google Scholar] [CrossRef]

	



Hitaj, C.; Löschel, A. The impact of a feed-in tariff on wind power development in Germany. Resour. Energy Econ. 2019, 57, 18–35. [Google Scholar] [CrossRef]

	



Baur, L.; Uriona, M. Diffusion of photovoltaic technology in Germany: A sustainable success or an illusion driven by guaranteed feed-in tariffs? Energy 2018, 150, 289–298. [Google Scholar]

	



Spertino, F.; Di Leo, P.; Cocina, V. Which are the constraints to the photovoltaic grid-parity in the main European markets? Solar Energy 2014, 105, 390–400. [Google Scholar]

	



Tiedemann, S. Auctions for Renewable Energy Systems in Germany: Pilot Scheme for Ground-Mounted PV. Report of the EU-funded AURES II project D4.1-DE. 2015. Available online: http://aures2project.eu/wp-content/uploads/2021/07/pdf_germany.pdf (accessed on 8 February 2023).

	



Sach, T.; Lotz, B.; von Bluecher, F. Auctions for the Support of Renewable Energy in Germany: Main Results and Lessons Learnt. Report of the EU-funded AURES II Project D2.1-DE. 2019. Available online: http://aures2project.eu/wp-content/uploads/2020/04/AURES_II_case_study_Germany_v3.pdf (accessed on 8 February 2023).

	



European commission. Battery Promoting Policies in Selected Member States; “Batstorm Work Package 5”. Available online: https://www.readkong.com/page/battery-promoting-policies-in-selected-member-states-3427498 (accessed on 8 February 2023).

	



Solar Power Europe. European Market Outlook for Residential Battery Storage 2021–2025. Available online: https://www.solarpowereurope.org/insights/thematic-reports/european-market-outlook-for-residential-battery-storage-2021-2025 (accessed on 8 February 2023).

	



Federal Ministry for Economic Affairs and Climate Action. Bundesrat Approves Largest Acceleration Package for Expansion of Renewables in Decades and Expands Toolbox for Precautionary Measures. Available online: https://www.bmwk.de/Redaktion/EN/Pressemitteilungen/2022/07/20220708-bundesrat-approves-largest-acceleration-package-for-expansion-of-renewables-in-decades-and-expands-toolbox-for-precautionary-measures.html (accessed on 8 November 2022).

	



Ministry of Industry, Tourism and Commerce in Spain. BOE núm. 126, de 26/05/2007, BOE-A-2007-10556. Available online: https://www.boe.es/boe/dias/2007/05/26/index.php?lang=en (accessed on 8 February 2023).

	



Ministry of Industry, Tourism and Commerce in Spain. BOE núm. 234, I. Disposiciones generales, BOE-A-2008-15595. Available online: https://www.boe.es/eli/es/rd/2008/09/26/1578 (accessed on 8 February 2023).

	



Ministry of Industry, Tourism and Commerce in Spain. BOE num. 243, de 10/10/2015, BOE-A-2015-10927. Available online: https://www.boe.es/buscar/doc.php?id=BOE-A-2008-15595 (accessed on 8 February 2023).

	



Spain Sun Tax. Available online: https://comparadorluz.com/faq/impuesto-sol (accessed on 8 February 2023).

	



Ministry for Ecological Transition and the Demographic Challenge in Spain. BOE núm. 305, I. Disposiciones Generales, Jefatura del Estado, BOE-A-2021-21096. Available online: https://www.boe.es/boe/dias/2021/12/22/pdfs/BOE-A-2021-21106.pdf (accessed on 8 February 2023).

	



Head of State in Spain, BOE núm. 184, I. Disposiciones Generales, Jefatura del Estado, BOE-A-2022-12925. Available online: https://www.boe.es/boe/dias/2022/08/02/pdfs/BOE-A-2022-12925.pdf (accessed on 8 February 2023).

	



Law firm CMS—law, Tax, Future. Regulation of the Auctions and the Economic Regime for Renewable Energy in Spain—New call for October 2021. Available online: https://cms.law/en/media/local/cms-asl/files/publications/publications/regulation-of-the-auctions-and-the-economic-regime-for-renewable-energy-in-spain-new-call-for-october-2021?v=1 (accessed on 8 February 2023).

	



Head of State in Spain, BOE núm. 175, Jefatura del Estado, BOE-A-2020-6621. Available online: https://www.boe.es/boe/dias/2020/06/24/pdfs/BOE-A-2020-6621.pdf (accessed on 8 February 2023).

	



PNIEC 2021, “Plan Nacional Integrado de Energía y Clima 2021–2030”. Available online: https://www.miteco.gob.es/es/prensa/pniec.aspx (accessed on 8 February 2023).

	



National Regulatory Authority for Energy (ANRE). Available online: https://www.anre.ro/en (accessed on 8 February 2023).

	



OPCOM Romania. Available online: https://www.opcom.ro/tranzactii_rezultate/tranzactii_rezultate.php?lang=ro&id=22 (accessed on 8 February 2023).

	



Năstase, G.; Șerban, A.; Dragomir, G.; Brezeanu, A.I.; Bucur, I. Photovoltaic development in Romania. Reviewing what has been done. Renew. Sustain. Energy Rev. 2018, 94, 523–535. [Google Scholar] [CrossRef]

	



Parlamentul Romaniei. Legea 220/2008 Pentru Stabilirea Sistemului de Promovare a Producerii Energiei din Surse Regenerabile de Energie. 2008. Available online: https://www.anre.ro/download.php?f=f6Z8iA%3D%3D&t=vdeyut7dlcecrLbbvbY%3D (accessed on 8 February 2023).

	



Guvernul Romaniei. The 2021-2030 Integrated National Energy and Climate Plan. Available online: https://ec.europa.eu/energy/sites/ener/files/documents/ro_final_necp_main_en.pdf (accessed on 8 February 2023).

	



National Renewable Energy Action Plan (NREAP). 2010. Available online: http://www.ebb-eu.org/legis/ActionPlanDirective2009_28/national_renewable_energy_action_plan_romania_en.pdf (accessed on 8 February 2023).

	



Colesca, S.E.; Ciocoiu, C.N. An overview of the Romanian renewable energy sector. Renew. Sustain. Energy Rev. 2013, 24, 149–158. [Google Scholar] [CrossRef]

	



Vrînceanu, A.; Dumitrașcu, M.; Kucsicsa, G. Site suitability for photovoltaic farms and current investment in Romania. Renew. Energy 2022, 187, 320–330. [Google Scholar] [CrossRef]

	



Vrînceanu, A.; Grigorescu, I.; Dumitras, M.; Mocanu, I.; Dumitrica, C.; Micu, D.; Kucsicsa, G.; Mitrica, B. Impacts of photovoltaic farms on the environment in the Romanian Plain. Energies 2019, 12, 2533. [Google Scholar] [CrossRef]

	



Romanian Government. Government Decision no. 994/2013 Approving the Measures to Reduce the Number of Green Certificates from Law no. 220/2008 on Establishing the Promotion System of Energy Production from Renewable Energy Sources. 2013. Available online: https://legislatie.just.ro/Public/DetaliiDocument/98742 (accessed on 8 February 2023).

	



Romanian Government. Emergency Ordinance No. 24 of 30.03.2017 on Amending and Completing the Law no. 220/2008 Establishing the System for Promoting the Production of Energy from Renewable Energy Sources and Amending Some Normative acts. Romania. 2017. Available online: https://lege5.ro/Gratuit/gi4dsmjqgyya/legea-nr-184-2018-pentru-aprobarea-ordonantei-de-urgenta-a-guvernului-nr-24-2017-privind-modificarea-si-completarea-legii-nr-220-2008-pentru-stabilirea-sistemului-de-promovare-a-producerii-energiei-di (accessed on 8 February 2023).

	



The European Parliament. Regulation (EU) 2019/943 of The European Parliament and of the Council on the Internal Market for Electricity. Official JOURNAL of the European Union. 2019. Available online: https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32019R0943&from=EN (accessed on 10 October 2022).

	



ANRE, Prosumatori. Available online: https://www.anre.ro/ro/legislatie/prosumatori (accessed on 14 September 2022).

	



Cristea, C.; Cristea, M.; Birou, I.; Tîrnovan, R.A. Economic assessment of grid-connected residential solar photovoltaic systems introduced under Romania’s new regulation. Renew Energy 2020, 162, 13–29. [Google Scholar] [CrossRef]

	



Just Transition Fund. Available online: https://ec.europa.eu/regional_policy/en/funding/jtf/just-transition-platform (accessed on 8 February 2023).

	



Modernisation Fund. Available online: https://modernisationfund.eu/modernisation-fund-invests-e2-4-billion-to-accelerate-the-green-transition-in-7-beneficiary-countries/ (accessed on 8 February 2023).

	



Cohesion Policy. Available online: https://ec.europa.eu/commission/presscorner/detail/en/IP_22_4662 (accessed on 8 February 2023).

	



Department for Business, Energy & Industrial Strategy, UK Energy in Brief 2022. Available online: https://www.gov.uk/government/statistics/uk-energy-in-brief-2022 (accessed on 8 February 2023).

	



International Energy Agency. Renewables Data Explorer. Available online: https://www.iea.org/data-and-statistics/data-tools/renewables-data-explorer (accessed on 8 February 2023).

	



International Energy Agency. Energy Policies of IEA Countries: United Kingdom 2019. Available online: https://www.oecd-ilibrary.org/energy/energy-policies-of-iea-countries-united-kingdom-2019_50cf737f-en (accessed on 8 February 2023).

	



Office of Gas and Electricity Markets. Feed-in Tariff Annual Report 2021–2022. Available online: https://www.ofgem.gov.uk/publications/feed-tariff-fit-annual-report-2021-22 (accessed on 8 February 2023).

	



Department for Business, Energy & Industrial Strategy, Evaluation of the Contracts for Difference Scheme. Available online: https://www.gov.uk/government/publications/evaluation-of-the-contracts-for-difference-scheme (accessed on 8 February 2023).

	



Stacey, R.D. Strategic Management and Organisational Dynamics; Lecturer’s Guide: Pitman, NJ, USA, 1993. [Google Scholar]

	



Qaiser, I. A comparison of the renewable and sustainable energy sector of the South Asian countries: An application of SWOT methodology. Renew. Energy 2021, 181, 417–425. [Google Scholar] [CrossRef]

	



Barroco, J.; Herrera, M. Clearing barriers to project finance for renewable energy in developing countries: A Philippines case study. Energy Policy 2019, 135, 111008. [Google Scholar]

	



Ceylon Electricity Board. Agreement and Grid Interconnection Standards for Net Metering of an On-Grid Renewable Energy Base Generating Facility (Scheme 01-Net Metering). Available online: https://cupdf.com/document/agreements-for-net-metering-net-accounting-net-plus.html (accessed on 8 February 2023).

	



Jayaweera, N.; Jayasinghe, C.L.; Weerasinghe, S.N. Local factors affecting the spatial diffusion of residential photovoltaic adoption in Sri Lanka. Energy Policy 2018, 119, 59–67. [Google Scholar]

	



UNFCCC Status of Ratification of the Convention. 2018. Available online: https://unfccc.int/process/the-convention/what-is-the-convention/status-of-ratification-of-theconvention (accessed on 8 February 2023).

	



United Nations Climate Change. Available online: https://unfccc.int/node/61204 (accessed on 8 February 2023).

	



Wijayatunga, P.D.C. Regulation for renewable energy development: Lessons from Sri Lanka experience. Renew. Energy 2014, 61, 29–32. [Google Scholar]

	



Prahastono, I.; Sinisuka, N.I.; Nurdin, M.; Nugraha, H. A Review of Feed-In Tariff Model (FIT) for Photovoltaic (PV). In Proceedings of the 2nd International Conference on High Voltage Engineering and Power Systems (ICHVEPS), Denpasar, Indonesia, 1–4 October 2019. [Google Scholar]

	



Bedi, H.S.; Singh, N.; Singh, M. A technical review on solar-net metering. In Proceedings of the 7th India International Conference on Power Electronics (IICPE), Patiala, India, 17–19 November 2016. [Google Scholar]

	



Kumara, S.; Mahakalanda, I. Factors affecting consumer attractiveness towards net-metered solar PV technology in Sri Lanka. In Proceedings of the 8th Renewable Power Generation Conference (RPG 2019), Shanghai, China, 24–25 October 2019. [Google Scholar]

	



SEA. Grid Connected Non-Conventional Renewable Energy (NCRE) Projects up to 30/06/2020. 2021. Available online: http://www.energy.gov.lk/images/energy-management/grid-connected-renewable-energy-projects.pdf (accessed on 8 February 2023).

	



Perera, L.; Seneviratne, R. Wijaya Newspapers. 2021. Available online: https://www.ft.lk/columns/CEB-s-immense-contribution-to-promotion-of-solar-power-in-SL/4-720190 (accessed on 8 February 2023).

	



International energy Agency. Special Report on Solar PV Global Supply Chains. 2022. Available online: https://www.iea.org/events/special-report-on-solar-pv-global-supply-chains (accessed on 8 February 2023).

	



Solar Power Europe. Global Market Outlook for Solar Power. 2022. Available online: https://www.solarpowereurope.org/insights/market-outlooks/global-market-outlook-for-solar-power-2022 (accessed on 8 February 2023).

	



International Energy Agency (IEA). Renewable Electricity Generation by Source 2023. Available online: https://www.iea.org/countries/ (accessed on 8 February 2023).








[image: Energies 16 01727 g001 550] 





Figure 1. Representation of the CfD payments [17]. 
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Figure 2. Evolution of the electricity prices (January 2021–September 2022). 
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Table 1. Energy Policies in Selected South Asian Countries.
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	Country
	Policy





	Sri Lanka
	
	-

	
Net Metering incentivised by the tariff structure




	-

	
Net Accounting and Net Plus (9.6 cEUR/kWh for the first 7 years and 6.8 cEUR/kWh from 8th to 20th) [101]






Interest rate: the Government sets the interest rate for investments in PV systems on the roof and loans up to 1540 EUR at 6% [99,102].



	India
	
	-

	
Competitive bidding




	-

	
Subsidy: the Government offers subsidies of up to 30% of the cost of initial capital for new RE plants




	-

	
Generated-based incentives: a subsidy of 0.6 cEUR/kWh produced is given. However, this type of incentive is valid only for wind generators.




	-

	
Net Metering






Subsidy for PV rooftop: the Government offers subsidies from 30% to 70% of the cost of capital to install new PV systems on the roof. The subsidy varies according to the region of installation [99].



	Pakistan
	
	-

	
Carbon credit




	-

	
Net metering




	-

	
Refinancing scheme: distributed generators can receive incentives with interest rates of 6%






Non-Income tax: no income tax for the sale of electricity from RE sources [99].



	Bangladesh
	
	-

	
Feed-in Tariff






Depreciation: 100% for PV (first year) e wind power (first 5 years) [99].



	Philippines
	Feed-in Tariff: for a PV system equal to 15.7 cEUR/kWh, for a wind generator equal to 13.3 cEUR/kWh [100].
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Table 2. Tariff structure of electricity consumption—Sri Lanka.
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	Tariff block

[kWh per month]
	0–60
	61–90
	91–120
	121–180
	>180



	Unit rate [cEUR/kWh]
	3.4
	4.4
	12.2
	14.0
	19.7
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Table 3. Main Information for Net Accounting and Net Plus Schemes.
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Net Accounting

	
Net Plus






	
Differences

	
The net energy is incentivised by the distribution grid. If the energy withdrawn from the grid exceeds the energy fed in, the net energy is paid by the consumer at the rate stipulated by the grid operator.

	
The consumer sells the electricity produced to the distribution grid. The imported electricity will be measured by another meter and will be billed according to the current electricity tariff stipulated by the distributor operator.




	
Common aspects

	

	-

	
Billing period: 30 days




	-

	
Duration of the incentive: 20 years




	-

	
Incentive valid only for PV systems




	-

	
Electricity incentive tariff: 9.6 cEUR/kWh for the first 7 years and 6.8 cEUR/kWh from the 8th to the 20th year
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Table 4. The Effect of Tariff Policy Change in 2016 on RE Capacity Expansion.






Table 4. The Effect of Tariff Policy Change in 2016 on RE Capacity Expansion.





	
Time Frame

	
Type

	
Number of Projects

	
Capacity Addition (MW)






	
1998–2015

(646.39 MW)

	
Dendro Biomass (2008–2015)

	
12

	
43.61




	
Small Hydro (1998–2015)

	
211

	
422.97




	
Solar PV (2010–2015)

	
8

	
51.36




	
Wind

(2008–2015)

	
15

	
128.45




	
SINCE 2016

(32 MW)

	
Solar PV (2018–2019)

	
12

	
12




	
Wind (2018)

	
2

	
20
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Table 5. Economic results of CASE#1 with the current Net Accounting scheme.
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	Economic Indicator
	Value





	NPV/IC
	NPV < 0



	IRR
	-



	DPP
	>20 years
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Table 6. Economic results of CASE#1 with the modified Net Accounting scheme.
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	Economic Indicator
	Value





	NPV/IC
	1.6%



	IRR
	10.3%



	DPP
	19 years
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Table 7. Economic results of CASE#2 with the current Net Accounting scheme.
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	Economic Indicator
	Value





	NPV/IC
	43.5%



	IRR
	16.6%



	DPP
	9
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Table 8. Economic results of CASE#3 with the current Net Plus scheme.
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	Economic Indicator
	Value





	NPV/IC
	29.7%



	IRR
	14.9%



	DPP
	10 years
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Table 9. Economic results of CASE#3 with the modified Net Plus scheme.
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	Economic Indicator
	Value





	NPV/IC
	39.1%



	IRR
	16.7%



	DPP
	8 years
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Table 10. Economic results of CASE#4 with the current Net Plus scheme.
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	Economic Indicator
	Value





	NPV/IC
	40.7%



	IRR
	16.7%



	DPP
	8 years
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