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Abstract

:

Central and Northern Argentinean regions possess a high potential for the generation of solar energy. The realization of this potential is an alternative to alleviate the strong dependence on imports of fossil energy and to reduce the CO2 emissions of the country. However, the adoption of photovoltaics (PV) is still in an incipient state. It is undermined by a context of heavily subsidized electricity prices, high equipment and installation costs and a lack of information, training and experience in handling PV technology. This paper presents a techno-economical assessment of the application of the recently enacted net-metering law for promoting renewable energies (RE) in the Province of Salta (Northwest Argentina) for the case of PV. The assessment shows under which conditions and for which types of consumers it is profitable to adopt PV in the context of the law. This analysis is supported by a participatory planning approach as a study of stakeholders’ attitudes towards RE, intentions to adopt PV and their knowledge about the law. The results of this study and the economical analysis serve to provide recommendations aimed at increasing the level of PV adoption in the province.
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1. Introduction


Energy systems planning processes play a fundamental role for the promotion and incorporation of renewable energies (RE) into national energy matrices and also to develop solutions for energy access at a local level. A wide variety of examples around the world—India [1], China [2] and countries from the European Union [3]—show their importance.



Nowadays, this topic plays a crucial role in Argentina since different public policies for environmental and social inclusion issues have recently been implemented, especially planning strategies, projects and laws to promote RE. The national Law 26190 to promote the use of RE sources for electric energy generation was passed in 2006. It establishes as an objective a coverage of 8% of the national electricity demand by 2016 through RE sources. The law introduces feed in tariffs for wind, biomass, small scale hydro, tidal, geothermal and solar power for a period of 15 years [4]. However, at the end of 2014, RE represent only 1% of the total electricity supply and 1.7% of the installed generation capacity. While wind contributed 265 MW, and biomass 1.150 MW, only 1 MW was provided by PV [5]. The poor results motivated a new law enacted in September 2015. It is the national Law 27191, which provides financial arrangements and establishes new RE penetration goals. The 8% objective for national electricity demand coming from RE should now be achieved by 2017, but there is also a new mid-term objective of 25% RE penetration by 2025 [6]. Furthermore, several provinces of the country decided to take their own measures and enacted their own laws for promoting RE.



In this paper, a technical, economical and social assessment of the photovoltaics (PV) energy supply potential for the Province of Salta in the frame of a net-metering law is presented. The province is located in the northwest of the country and has a high potential for energetic exploitation, principally of solar and biomass resources [7]. The strategy that has been followed by this province includes a RE plan, a law for RE promotion and a net-metering law. The objective of the present study is to analyze the PV potentials and provide recommendations to activate this potential, while considering technical, economical and social constraints, derived from a participatory process.



The paper is structured as follows: First, the rest of the Introduction Section is dedicated to the explanation of the RE promotion framework in the Province of Salta and to the state of the art of PV potential evaluation. Second, the methodology for the participatory consultation, and the PV technical and economical assessment is explained. Third, the results are presented and discussed. Fourth, in the final section, conclusions are drawn and recommendations are given.



1.1. Renewable Energy Promotion Framework in the Province of Salta


In the Province of Salta, a planning process was set up to promote and encourage the use of RE sources. This process began in 2011, lead by the secretary of energy of the province and with the participation of various public and private institutions [8]. The first result of this process was a RE plan for the province that appeared in 2014. This plan seeks to promote the generation and use of RE to meet the energy requirements of the inhabitants of the province, diversify the energy matrix and improve industrial competitiveness and quality of life [7]. One of the initial objectives of the plan was to establish a reliable framework to strengthen public and private investment to adopt clean energy sources. Two laws were enacted in this context: law No. 7823—“Régimen de Fomento para las Energías Renovables” (Promotion scheme for Renewable Energies) and law No. 7824 “Balance Neto. Generadores residenciales, Industriales y productivos” (Net metering. Residential and industrial electricity generators). Both laws were enacted in 2014 and their corresponding regulations were completed in February 2015.



The law No. 7823 promotes the use, production, research, development and sustainable use of RE. The government gives different benefits to natural or legal persons who develop, manufacture and/or install technologies for harnessing RE. The most important include: (1) exemption from provincial taxes (up to 100% for a 10 year period); (2) tax credits for up to 70% of the value of the investment in equipment, with five years of grace and without interest; and (3) the provincial government assists to obtain credits and helps with technological, economic, financial and administrative aspects.



The net-metering law addresses residential and industrial electricity generators with the intention of motivating the installation of RE generation plants. The notion of “Net Balance”, in the legislation of the Province of Salta, refers to the difference between the amount of electricity consumed from the grid and the amount of generated RE energy that is fed into the grid by a certain user during a certain period of time. The law promotes the installation of RE electric generators in private homes, businesses and industries (installation of up to 30 kWp for residential users and up to 100 kWp for businesses and industries). All electricity generated beyond own needs and fed into the grid is bought by the local electricity company at a differential rate. This rate varies depending on the RE source and is in general higher than the current energy final price for consumers. The highest of the rates is the one paid for energy produced with PV, which is currently around ten times higher than the final price paid for electricity by average users. Users wishing to access the net-metering mode must have the installation with all technical requirements and allow for supervision by the energy distribution company. The obligation of the users includes the payment of an initial connection fee and yearly inspection fee. The law contemplates as additional promotion measure that all energy generated by the user will be bought at the differential rate for the first two years. The users continue paying the usual energy price for every kWh that they are receiving from the grid. It is only from the third year that the net balance is adopted.




1.2. State of the Art of Photovoltaic Potential Evaluation


The evaluation of PV potential usually follows a top-down approach in which the theoretical, the technical and the economic PV potential are estimated consecutively [9]. The theoretical potential concerns the evaluation of solar radiation availability. The technical potential is a fraction of the theoretical one and incorporates the consideration of energy transformation efficiency of the PV-panels, inverters and further components of the installation. The economic potential is based on “soft” factors which may change over time [10]. This presents the amount of energy that can be generated by PV-installations under the current or expected local costs structure, legislation and the public acceptance of the technology [9].



In situ measurements of solar radiation, satellite data, GIS-based procedures, reanalysis data or a combination of these are common data sources to estimate the theoretical and technical PV energy generation potential. The use of a data source depends on the study area. In situ measurements are considered the most accurate sources and normally serve to validate the other alternatives [11]. However, their availability is limited and their access is restricted. Even European weather station networks, recording solar radiation data, are not dense enough in order to provide proper coverage [12,13] and data sets are not necessarily freely accessible for the broad public. On the other hand, global solar radiation and temperature data derived from satellite images are available for most part of the world in temporal resolutions higher than hours, at no cost in many cases, but their accuracy depends strongly on the algorithms used to deal with cloud coverage and to derive the variables of interest from the sensors. Algorithms such as the Heliosat in its different versions [14] and the one used by the Land Surface Analysis Satellite Application Facility (LSA-SAF) have been validated in multiple locations [15,16,17,18,19] but there are accuracy problems in mountainous regions [20,21]. Reanalysis data sets provide global coverage and there are several freely available data sources (see, e.g., [22]), but these have relatively low spatial and temporal resolutions compared to data derived from satellite images. Moreover, solar radiation models integrated in GIS tools have been widely used to estimate solar radiation and PV technical potential in areas with complicated topography and in urban environments [23,24,25,26]. These rely, however, on other atmospheric variables that must be retrieved from in situ measurements, satellite images and/or reanalysis data. Examples of methodologies combining different sources have been proposed for the whole world [27], Europe [28], for several detailed studies of cities and municipalities (e.g., [29,30,31]), and for comparing different types of technologies and incentive programs for PV (e.g., [32,33,34]).



The calculation of PV technical potential varies widely in scientific literature. On the one hand, there are studies where the PV yield is calculated by merely multiplying the total solar energy cumulated in a surface in a year by a certain efficiency factor (see, e.g., [35]). On the other hand, there are cases where the yield is calculated in high temporal resolution, considering effects of shadowing, ambient and roof-top temperature (see, e.g., [36,37,38]).



Economic PV potential is assessed taking into consideration in-time-changing factors that are decisive for the realization of projects and the adoption of PV. Regulatory mechanisms as feed in tariffs and net-metering laws as well as the local cost structure (installation, capital and electricity costs) are quantitative factors that are usually used for the economic PV potential evaluation [39]. An attractive economic potential based on these factors is necessary, but does not guarantee the market success of PV [40]. Diffusion and acceptance barriers perceived by potential PV investors must be also identified and overcome. Participatory processes constitute a widely applied strategy to identify these barriers and propose alternatives to overturn them [41,42,43,44].



Concerning only the quantitative factors of the economic potential, existing literature relies either on cost-related or on investment attractiveness figures [45]. The levelized cost of electricity (LCOE) is the widest used cost-related indicator, but is also target of strong criticism [46]. LCOE serves to compare the costs of different energy sources while correcting differences in the operation and investment time horizons. This requires, however, assumptions about discount rates, which are difficult to make in context of high uncertainty [47]. Typically, investment attractiveness figures for PV are payback periods, net present value (NPV) and internal rate of return (IRR). NPV allows an intuitive assessment of individual projects, but has the same drawback as LCOE, since it depends strongly on the applied discount rates. The other two indicators do not require assumptions about discount rates, but still have their own limitations. Payback periods tend to overestimate future returns, because they do not incorporate the time value of money. IRR does consider the time value of money, but is not an appropriate indicator, when evaluating projects with different time horizons and scales [45].





2. Methodology


The methodology is divided into four subsequent stages (see Figure 1). First, a participatory consultation is conducted with a wide range of stakeholders from the Province of Salta, Argentina. This is analyzed and serves as an input for the further stages. Second, a series of case studies to assess the application of the law are defined. These correspond to different types of consumers (households, business, industry and institutions connected to the grid) and levels of electricity consumption. Third, the technical potential for PV installations in the locations of the case studies is calculated. Solar global radiation and temperature time series are retrieved from the ECMWF era-interim reanalysis model data. These serve as input for a PV energy generation model that delivers hourly energy generation data. This output is cumulated to monthly data to match the temporal resolution of the demand data. Fourth, an economical assessment for every case study is performed.



2.1. Participatory Consultation


The planning process for RE in the province was defined from the beginning as dynamic [7]. In this context, it was decided to conduct a participatory consultation with an inclusive and constructive approach to local users and/or institutions of the energy sector [48]. Two reflection and consultation activities were designed: a population survey online and an inter-agency workshop.



2.1.1. Survey: Renewable Energy in Salta


The aim of the survey was to collect information about the knowledge of the population of the City of Salta regarding the RE plan and new RE laws. Additionally, the intention behind it is to analyze the possibility of improving the integration of the RE at the local level.



The survey was divided into five sections with brief introductory explanations:

	
General knowledge of RE plan and laws.



	
Knowledge of RE sources, and technologies and opinion about the possibility of promoting them in Salta.



	
Promotion of RE in Salta. Key to achieving greater promotion and main restrictive aspects.



	
Applicability of the net-metering law: General interest. Reasons to promote or reject an RE project at home or own business.



	
General personal data: localization, educational level, occupation, age, and gender.








To achieve a wide dissemination, the survey was developed in an online platform [49]. It was distributed from the institutional email and Facebook page. The survey was available for 30 days (July 2015).




2.1.2. Workshop: Contributions to Promote Renewable Energies in Salta: Actions, Projects and Proposals


The meeting was held in September 2015 in Salta City. The objective of this workshop was to ponder the implementation of actions to promote RE in the province, and to provide recommendations to promote RE in the local context. The intention was also to motivate deliberation and discussion by presenting to the participants the German case, a country that is considered in the international context as a leader in the global transition to a renewable energy future [50].



The workshop was structured in two parts: a discussion board of experts and a discussion in working groups. On the first one, experts presented an overview of the advances done on implementing the Renewable Energy Plan and law promotion in Province of Salta, effects and status report of implementing RE laws in Germany, and the findings of the survey Renewable Energy in Salta. Presentations were lead by members from the Secretary of Energy of the Province Salta, the Deggendorf Institute of Technology and the Energy Planning and Land Management Group of the Argentinian Institute for non-conventional Energy Research (INENCO).



The second stage, group work, was held based on the progress and findings exposed by the board and the own personal and institutional experiences. The discussion was centered on analyzing the potential, limitations and promotion in the current local context of RE and to propose actions to promote a wider application of RE in Salta.





2.2. Definition of Case Studies


The financial feasibility assessment of PV in the context of the net-metering law requires information beyond the mere expected output of a certain PV installation. Although the rates that are paid for electric energy fed into the grid by PV power plants is the same for all types of users, the expected income and savings (due to self-consumption) depend on the amount of demanded energy and the tariff that every user has to pay for it. The energy supply company of the province classifies its clients into eight different tariff classes. These are sub-divided depending on contracted energy capacity, total monthly demand and voltage that is necessary to comply with the requirements of the client. The types of users range from small demands with contracted energy capacity below 10 kW (for residential purposes and small businesses) and high demands that require supply directly from the high voltage grid (for industrial purposes). Only based on the classification of the local utility, there are in total 22 different consumer types. Taking into consideration that between users of a certain demand class could also give significant differences in their electric consumption profiles, it is expected that there are actually hundreds of consumer types, which could be considered.



To represent the diversity of consumer types, a case study approach is adopted. A survey of the energy consumption profiles of the population of the province and its clustering in consumer typologies is beyond the scope of this study. However, electric energy consumption data from 122 clients were provided by the local energy supply company. These are concentrated in the City of Salta in seven different locations (see Figure 2). The data include five years of monthly demand for electric energy from 10 single family houses, 105 apartments from two different buildings, five commercial businesses and industries of the industrial park of the city, the largest university of the province and the justice building of the province. The five years of data are summarized in one average energy consumption year time series with monthly temporal resolution for each user. The maximum consumption in a certain month is used to match each single-family house, commercial and industrial user to one of the 22 consumption classes of the local energy supply company. In cases that more than one of these users falls into one of the classes, a synthetic consumption profile was generated by averaging the monthly consumption of all users in the same class. In the cases of apartment buildings, the demand data were available for all apartments. This allows evaluating the adoption of PV for the whole building and also for one average apartment in it. The university and the justice building could serve as a benchmark for further public administration buildings and therefore are considered individually. At the end of this classification, 14 case studies remain. These are used for the technical and economical assessments and are presented in Table A1.




2.3. Technical Assessment


A top-down approach is used for calculating the technical PV potential. First, the average solar radiation in an hourly time-step basis for a year for the locations of the case studies is determined (the theoretical PV potential). Second, the solar radiation and temperature data are used as input for a PV model to calculate hourly energy yield for every location (technical potential) assuming installation size of one kWp.



The scarcity of ground measured solar radiation data in Argentina is a well known problem that obligates users to rely in other data sources [51,52]. To alleviate this, a plan to install 40 new stations able to precisely measure direct and diffuse radiation was launched in 2012 [53]. However, the net is still under construction [54] and some time will be necessary until these data become usable. To compensate the scarcity of data for the locations of the case studies, data from the ERA-Interim atmospheric reanalysis provided by European Centre for Medium-Range Weather Forecasts (ECMWF) were used. Ramirez Camargo et al. [55] validate the Surface Solar Radiation Downwards (SSRD) of this data set (equivalent to global solar radiation) for the City of Salta and compare it to data obtained with statistical procedures and from satellite imagery. These authors stated that the hourly SSRD data present only a slightly worse fit to the ground measured data compared to data obtained from processing satellite imagery and suggest to use SSRD for studies wanting to have a conservative estimation of PV potential. Although SSRD data are available from 1989 to the present [56], only data for 2013 and 2014 are downloaded. This simplifies the data processing effort without compromising the quality of the analysis. Following the conclusions of [57], two years of radiation data should suffice to represent average solar radiation patterns in the Argentinean Northwest, where the case studies are located. The SSRD data are available in three hours’ time steps and accounts for the amount of energy on the surface in J·m−2 that has been accumulated from the beginning of every day. The resampling and interpolation procedure to obtain hourly instantaneous solar radiation from the SSRD data proposed by [55] is also applied.



The instantaneous PV power output is calculated following the set of equations proposed by [36] in the adapted version adopted by [38]. This equation also requires, apart from the global irradiance, the panel efficiency, a temperature correction factor, an efficiency reduction factor due to installation type, the area of the plant, the nominal operating temperature of the PV modules and the ambient temperature. Only location dependent parameters, i.e., solar radiation and temperature cannot be retrieved from technical documentation of PV panels or literature. Analogically to the procedure for getting the solar radiation data, the temperature at two meters above the ground for the same period of time is retrieved from the ERA-Interim [56]. These are provided in three hours’ time steps and require resampling and a linear interpolation to obtain hourly values. The PV technical parameters are presented in Table A2. The panel efficiency was stated by the local vendors as the minimum achieved by the panels. Further parameters presented in Table A2 are taken from [58]. The hourly yield for 2013 and 2014 is calculated assuming that the instantaneous output remains constant every hour (i.e., solar irradiance and temperature do not change during a time step), installation size of one kWp and additional inverter and cable losses. Average monthly PV output for one year is calculated from the two years of results in order to match the temporal resolution of the electricity demand data.




2.4. Economic Assessment


The economic assessment includes cost-related and investment figures. LCOE is estimated to be compared with the current price of energy and the differential rate that is paid for energy generated by PV installations in the frame of the net-metering law. Expected income and savings (due to self-consumption), NPV and IRR are calculated to evaluate the economical feasibility of installing PV for each of the case studies. All calculations related to monetary values are performed in US dollar (USD) assuming an exchange rate of 9.728 Argentinian pesos (ARS) per USD, which is the official exchange rate at the end of November 2015. Furthermore, inflation is not considered in any of the indicators.



The LCOE is calculated following Equation (1) [59], and NPV is calculated following Equation (2) [60]. The IRR provides the discount rate at which NPV is equal to zero and therefore it is calculated by solving Equation (2) for the discount rate equal to the IRR and NPV equal to 0 [60].


   LCOE =     ∑   t = 1  n    E x p e n d i t u r e  s t       (  1 + i  )   t        ∑   t = 1  n    E l e c t r i c i t y   g e n e r a t e  d t       (  1 + i  )   t        ⌊   U S D   M W h   ⌋   



(1)




where LCOE is the levelized cost of electricity generation, n is the lifetime t is the year, and i is the discount rate.


   NPV =   ∑   t = 1  n    C  F t      ( 1 + i )  t      [ USD ]   



(2)




where    C  F t     is the cash flow in the corresponding year.



While the parameters electricity generated and lifetime can be defined straightforwardly, the expenditures and the discount rate require special attention in a context as the Argentinian one. The Electricity generated in time step t for all t is the sum for a year of the calculated technical PV potential corrected by a PV module degradation rate. The assumed lifetime is 25 years, and, as reported by the International energy agency [61], modules are usually guaranteed for this period of time at a minimum 80% of their rated output. The commonly used PV module degradation rate of 0.5% per year [62] is adopted also here. The expenditures correspond to the total cost of the PV plant and the yearly costs, which include operation, maintenance and a certain rate necessary to cover the cost of the inverter replacement every 10 years. Additionally, the connection (once in the lifetime of the installation) and supervision costs charged by the local utility must be also included. Currently these are 68 and 34 USD, respectively [63]. The yearly costs for operation, maintenance and inverter replacement are assumed to be 1% of the cost of the plant [62]. To determine average local total installation costs is not trivial since the Argentinian PV market is incipient and vendors are concentrated in Buenos Aires (Capital of the country located 1600 km away from Salta City). There is no industry able to produce PV cells in the country, there are only two companies that import cells to assembly panels locally, and foreign industrial products have to deal with high import taxes. From nearly a dozen of vendors and installers (including importers of PV panels manufactured in Spain and China) that were found in the country, only three provide enough information to estimate the total cost of small-scale PV-installation. The costs in USD for a 5 kWp installation including value-added taxes (10.5% for the panels and 21% for the rest of the components) are presented in Table A3. The LCOE is calculated for the different prices provided by the vendors and for an installation that costs 2800 USD/kWp. The last one is the international total average cost for residential PV systems in 2014 [64].



Establishing an appropriate discount rate is challenging since the Argentinian economy is characterized by high uncertainty [65]. A commonly used measurement for the discount rate is the weighted average cost of capital (WACC). The WACC is typically between 6% and 12% for RE projects in OECD countries and can be between 15% and 20% for projects in Africa, where a higher risk is perceived [64]. To provide an appropriate picture of the situation the calculations of financial figures depending on a discount rate (LCOE and NPV), a sensitivity analysis where WACC is varied from 0% to 20% is included.



Concerning the investment figures, the cash flows for every year during the lifetime of the PV installation are calculated as follows: First, the expenditures are calculated in the same way as it is done for the LCOE. Second, the monthly income and savings (due to self-consumption) are estimated using the net-metering tariff (0.214 USD), the current tariffs of the local utility and its corresponding subsidies (see Table A4) and the monthly consumption profiles of the case studies. Due to the lack of hourly information for the demand, some assumptions are needed. For residential case studies, 50% self-consumption rate is selected. For non-residential case studies, the monthly demand data are provided in three different demand periods. There are data for consumption in peak (6:00 p.m.–11:00 p.m.), mid-peak (11:00 p.m.–5:00 a.m.) and off-peak (5:00 a.m.–6:00 p.m.) demand periods. The best temporal match between PV energy generation and demand is given for the off-peak periods; therefore, the total amount of energy demanded during these periods is the basis for calculating savings and income.



A sensitivity analysis for income, savings, NPV and IRR figures is provided by varying total cost and sizes of the PV installation. The considered prices are the ones of the three local providers, proportionally adapted for other system sizes. The considered system sizes range from 1 kWp to 30 kWp for residential users and from 1 to 100 kWp for non-residential users. The values of 30 kWp and 100 kWp are the installation size limits established by the net-metering law to be able to participate in the incentive program for small and large electric energy consumers, respectively.





3. Results


The results are presented in the three thematic areas proposed in the methodology, social perception, technical potential and economic assessment.



3.1. Social Perceptions


3.1.1. Survey


It was possible to learn about the vision of the population in regard to RE regulations with the survey and to explore its current potential locally. In total, 324 surveys were sent and 163 were answered (response rate 50%). The socio-demographic structure of respondents was quite homogenous. The age of respondents was between 15–75 years, 66% were under 44 years old, 100% have at least high school degree, and 59% have technical/bachelor/tertiary studies.



There is a low knowledge of the RE plan and the current regulations as results from the survey showed (see Figure 3).



However, RE technologies are recognized, particularly solar energy equipment (solar PV panels 90%, cookers and water heaters 85%) and wind energy (80%). Eighty percent of the responders considered that applications of solar energy should be promoted in Salta, and 55% thought the same about biomass. In addition, 93% of people surveyed confirmed the importance of promoting RE in Salta and the remaining 7% said they do not know/no answer (i.e., no negative response was recorded). Among the named reasons to encourage RE are:

	
Environmental protection and sustainability using RE as clean energies.



	
Climate change mitigation.



	
Diversification of the energy matrix.



	
Independence of fossil fuels and energy resources imports.



	
Technological and regional development.



	
Use of local natural resources.



	
Access to energy in isolated places.



	
Improving the quality of life.








With regard to the implementation of the provincial law, the following key aspects were highlighted:

	
Dissemination, information, and awareness.



	
Economic incentives, such as tax breaks, subsidies, investments, receivables, and other benefits as well as public policies,



	
Political interest, management support, guarantees continuity applications in rural education, industry and electrical infrastructure matrix,



	
Other issues including education (different levels), research, technological development, and environmental issues.








Finally, there was strong interest in installing PV solar panels or another RE system to generate electricity (Figure 4). The main reasons for this interest are: economical (reduction of electrical power costs, reduction of equipment costs, and the ability to access an income from surplus energy generated), ‘’friendly’’ technologies for the environment, better use of urban space, saving conventional energy sources, and clean energy diffusion. Among the reasons that ‘’would cast doubts and reject the possibility of installing a RE system at a household’’ were: (1) technical aspects (amount of energy, efficiency, safety, installation, and maintenance); (2) budget (installation and maintenance costs, repayment, and investment recovery); and (3) discontinuity of policies and distrust of government. The reasons were highlighted in order of importance.




3.1.2. Workshop


The workshop constituted a space for dialogue, reflection and collective construction of knowledge and proposals. In total, 47 people attended the workshop, among them representatives of various government agencies (Departments of Government, Science and Technology, and Universities) and private organizations (Companies and NGOs).



First, presentations to contextualize the current situation regarding the implementation of the RE plan and laws in Salta were introduced, as well as the path taken by Germany in the energy sector. After that, the results of the general survey were presented as triggers to introduce the discussion.



Second, people were gathered together in groups in order to discuss the current local RE situation. The agreements built on each work-group helped to identify some keys to improve the integration of RE locally. All in all, the demand for a multidimensional and integrated approach in the energy thematic was emphasized. Environmental, economic, socio-cultural and technical issues are intrinsically related and therefore also require comprehensive and complementary responses.



Among the identified potential for the promotion of RE are: the existence of a provincial plan and specific laws, the availability of renewable resources and technologies, and also the potential for interaction between multiple actors already involved. On the other hand, the limitation issues that were determined are: lack of knowledge and diffusion, low profitability, restrictions on the concerned sectors, low confidence in government policies and also lack of local production capabilities and counseling.



The proposed actions were aimed at ensuring a coordinated interagency work, the realization of economic incentives and the promotion of new technologies and existing regulations. The proposed actions are presented in the Table 1.



A strong interest in the topic and a stated commitment from the institutions to join in inclusive and collaborative works were featured as the result of the general conclusions. Interagency and intersectoral linkages were raised as a tangible result of the workshop. The possibility of initiating concrete actions in education and dissemination of RE from all areas was prioritized.



Finally, the development of a technical and economic assessment of the PV energy supply potential for the city was found to be necessary and useful to measure the scope and the feasibility of the new net-metering law.





3.2. Technical Potential


Despite the conservative assumptions for the calculation of the PV potential, the PV yield per kWp for the locations of the case studies is very high. The total solar energy on a horizontal surface for most of the locations achieves 1884 kWh/(m2 a). The results for all locations vary only slightly (<1%) and are equal for most of the cases since the locations are relatively close to each other and the resolution of the ECMWF data is relatively low (with a pixel size of 11 km × 11 km). The yearly yield per kWp for a horizontal installed PV is around 1709 kWh. This is even higher than the PV yield reported by [62] for optimally mounted installations in South Spain or in North Africa (up to 1600 kWh/(kWp a)). The radiation and PV yield values are also far beyond the average of 1055 kWh/(m2 a) and 1000 kWh/(kWp a) that can be obtained in Germany [62]. These differences could be even higher considering that the used solar radiation data set is the one with the most conservative values compared to other sources for the same location [55]. Furthermore, the potential energy generation does not correspond to that of an optimally installed PV system (one expects that optimally installed PV systems can generate even more energy per year), and the module output degradation rate appears pessimistic when compared to empirical studies showing degradation rates around 0.1% per year [62].



The monthly solar radiation per square meter and PV yield per kWp, which are presented in Figure 5, represent well the expected output considering the typical local climatic conditions. The differences are the largest during the summer (November–February), and both solar radiation and PV yield are lower in January and February than in November and December due to the rainy season. These PV yield values per kWp are used for the economical assessment.




3.3. Economic Assessment


The LCOE based on cost information provided by the three local vendors contrasts with the LCOE calculated for the average international price (See Figure 6) and with the average LCOE calculated by [46] for a location with such a high generation potential per kWp installed capacity (considering a WACC of 6%). The difference between the LCOE for the three local vendors and the international averages is almost 0.1 USD for low WACCs and increases up to 0.41 for high WACCs and the highest total costs. This is an indicator that the high energy generation potential is overcompensated by the local cost structure for PV. In fact, the lowest of the total costs provided by the Argentinian vendors is already two times higher than the international average and it is higher than the highest international average cost when comparing it against data provided by [64].



The LCOE is only lower than the differential tariff defined by the net-metering law in a few cases and is several times higher than the final price for electricity paid by the users. The cases where the LCOE is lower than the differential tariff are the cases where the average international installation costs are being assumed, and this situation applies only for WACCs ranging from 0% to 9%. Further values of LCOE below the differential tariff are given only for the lowest of the local installation costs and for the lowest discount rates. Furthermore, low energy prices and additional subsidies for the final consumers create a relation of 1:5 between the LCOE with 0 discount rate and the final utility price for energy, when considering the lowest residential prices. The best relation is 1:3.5 for the highest final energy prices paid by the industry. These relations deteriorate rapidly when increasing the discount rate. They change to 1:10 and 1:7 for a WACC of 10% and continue increasing to 1:17 and 1:11 when assuming a discount rate of 20%.



The low final energy prices also have a strong repercussion on the income obtained by selling energy at the differential rate, as well as in the savings due to self-consumption expected from installing a certain PV system. For the residential case studies, income and savings are decoupled after a system size of 4 kWp (see Figure 7). This can be explained due to the relatively low demand of the residential case studies and it would be favorable to increase the total income generated by a PV system of a certain system size. For most of the case studies presented the income generated by selling energy to the grid is four times higher than the savings achieved due to self-consumption per kWh. This occurs despite of the differential tariff defined by the net-metering law being comparable to the feed-in tariff for energy from PV systems in Germany in 2013 [61]. In the European country, however, the feed in tariff has been sequentially decreased to reflect the total cost drop for PV systems, which already in 2013 were one of the lowest in the world [61]. For non-residential case studies, the decoupling requires much larger system sizes and, for some of these cases, the 100 kWp accepted in the net-metering law are not enough to cover the off-peak energy demand (see Figure 8). This situation leads to cases in which the income for the energy fed into the grid is lower than the savings as well as to cases where the total income is much lower than in the residential case studies.



NPV is presented in Figure 9 for residential case studies and it is consistent with the previous indicators. Positive NPV (colored green) can be found only for small-scale consumers, at low discount rates and mostly for relatively large PV system sizes. At international PV systems costs, there is a wide range of combinations between system size and discount rate that deliver a positive NPV. Furthermore, for the lowest of the local PV system costs (PV1), there are at least four combinations of WACC and PV system size that produce a positive NPV. The situation is more disadvantageous for non-residential case studies. In these case studies, only few combinations of discount rate and system sizes at the international average total PV system cost generate a positive NPV. Due to the low reward for self-consumption, PV installation would be almost unalterably an unattractive investment for non-residential users.



The IRR confirms the situation presented with the NPV. The best IRRs are obtained for the residential case with the lowest demand (Residential a), lowest total PV installation costs and largest system sizes. The calculated IRRs for all case studies and considered system sizes show positive values that are as high as 13% when considering international average total PV installation costs. There are only few cases where the IRR is above zero when considering the prices of local PV system vendors and the IRR deteriorates rapidly with increasing energy demand. An example of this trend is presented in Figure 10. For the lowest residential demand it is possible to achieve positive IRRs when considering the lowest of the total PV installations costs. For the highest residential demand (Residential e), assuming local costs, a positive IRR can only be obtained with the lowest installation costs and the maximum allowed system size. For the non-residential case studies, there is not a single combination of local costs and systems sizes that generates a positive IRR.





4. Conclusions and Outlook


The province of Salta has launched one of the first frameworks for promoting RE in Argentina. One of the keystones of this framework is law No. 7824, which introduces the net-metering concept and allows the installation of PV power plants for households and enterprises under favorable conditions. The intention of this regulation is to enable the integration of distributed grid-connected small scale RE in the province. As the participatory consultation has shown, the idea of increasing the share of RE in the energy matrix is not only supported by the policy makers but also by the population. However, only 25% of the surveyed population knew about the RE plan, only 5% knew about the net-metering law and there were several questions and doubts about the technical and economical feasibility of RE generation projects.



Assessments intended to dissipate major concerns about technical and economical feasibility of PV energy generation projects have been conducted. These reveal that the theoretical and technical PV generation potentials per·m2 and kWp installed capacity are very high. Nevertheless, the local total costs of installing PV systems are two times the international average. This deteriorates financial figures for the conducted case studies. When considering the local costs, only relatively large PV systems for households with low energy demand present positive results, in terms of investment possibilities. It has also been shown that the differential tariff defined by the net-metering law is barely able to cover the LCOE for PV installations at the lowest local price and with discount rates up to 1%. When looking at the same figures and comparing them to international PV installation prices, it becomes evident that if measures are taken to decrease the local total PV system costs there is a considerable potential for improving the financial attractiveness of projects and decreasing the LCOE. Given the high technical energy generation potential it can be argued that bringing total PV system costs closer to the international average and providing secure financial conditions, will make investments in PV systems feasible for most types of consumers.



Another motive that makes investment in PV systems unattractive in the area is the final electricity price for consumers. There is no incentive for solar energy self-consumption given the low energy prices and the additional subsidies. Any increment in final electricity prices will improve investment indicators. Increments in the electricity prices are expected for 2016. This responds to a change in political and economical policies that Argentina will adopt following recent elections [66]. Notwithstanding, an alternative strategy to make investments in PV systems more attractive would be to extend the period when users adopting net-metering mode receive the differential rate for every produced kWh (it is currently two years). This will still not motivate self-consumption but it would be less unwelcome by the population than incrementing the final energy prices. Such a measure can also have a large impact in the cash flow of the projects and therefore in the final attractiveness indicators.



It is expected that the results presented in this study are adequate for most part of the province and in the case that punctual technical assessments are required, the introduced methodology is suitable for researching locations in the whole province. This is supported in the following facts: First, electricity final prices are the same for the whole province and the variety of case studies presented covers most of existent tariffs. Second, total installation costs and technical electricity generation potential will not vary significantly for locations connected to the grid. Populations living in the mountains, where solar radiation, temperature and installation costs can drastically change, are normally not connected to the grid and therefore cannot adopt the net-metering mode. Third, the ECMWF data used for determining the PV energy generation potential have global coverage.



Finally, it is important to note that there is a positive outlook on the situation regarding RE in the province of Salta. Important steps forward can be taken by disseminating the framework that has been conceived to promote RE among the population of the province. There are viable alternatives for making financial investments in solar energy more attractive. The Total PV system costs, the major limiting factor, have a large potential to be reduced. There are also additional promotion mechanisms that have not been studied here, such as tax credits for up to 70% of the investment in equipment, established by the law No. 7823, which can certainly improve cash flows and therefore the investment figures.
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Table A1. Summary of the case studies.







Table A1. Summary of the case studies.







	
Case Study

	
Location (see Figure 2)

	
Description

	
Demand (kWh·per·month)






	
Residential a

	
1 La Almudena Neighborhood

	
Single Family House

	
0 ≤ 192




	
Residential b

	
2 Huayco Neighborhood

	
Single Family House

	
>192 and ≤500




	
Residential c

	
1 La Almudena Neighborhood

	
Single Family House

	
>500 and ≤700




	
Residential d

	
1 La Almudena Neighborhood

	
Single Family House

	
>700 and ≤1400




	
Residential e

	
1 La Almudena Neighborhood

	
Single Family House

	
>1400




	
Building a average

	
3 Monoblock Salta

	
Apartment

	
>192 and ≤500




	
Building a total

	
3 Monoblock Salta

	
Apartments Building

	
13,000 to 19,000




	
Building b average

	
4 Downtown Building

	
Apartment

	
>500 and ≤700




	
Building b total

	
4 Downtown Building

	
Apartments Building

	
8000 to 13,000




	
Commercial and Industry a

	
5 Industry Park

	
Commercial Businesses

	
2000 to 18,000




	
Commercial and Industry b

	
5 Industry Park

	
Productive Industry

	
28,000 to 59,000




	
Commercial and Industry c

	
5 Industry Park

	
Shopping Center

	
10,500 to 198,000




	
University

	
6 National University of Salta

	
University with 6 faculties and 20,000 students

	
103,000 to 244,000




	
Justice Building

	
7 Justice Building

	
Building that concentrates all judicial activity of the Province Salta

	
200,000 to 380,000
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Table A2. Technical parameters of the photovoltaic plants.







Table A2. Technical parameters of the photovoltaic plants.







	
Parameter

	
Value

	
Units






	
Panel efficiency

	
15

	
%




	
Temperature correction factor

	
−0.45

	
%/K




	
Reduction factor due to installation type (for roof-top PV)

	
0.035

	
K/(W/m2)




	
Inverter and cable losses

	
14

	
%
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Table A3. Photovoltaic installation costs for a 5 kWp installation provided by three different Argentinian vendors (the prices are in USD).







Table A3. Photovoltaic installation costs for a 5 kWp installation provided by three different Argentinian vendors (the prices are in USD).







	
Component

	
PV1

	
PV2

	
PV3






	
Panels

	
14,737

	
17,625

	
18,831




	
Inverter

	
5263

	
8423

	
7124




	
Structure

	
6316

	
4283

	
5086




	
Installation (labor)

	
2631

	
3033

	
3104




	
Total

	
28,948

	
33,364

	
34,146
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Table A4. Electric energy tariffs and subsidies applied to every case study in USD. The values are taken from [63].







Table A4. Electric energy tariffs and subsidies applied to every case study in USD. The values are taken from [63].







	
Case Study (Residential)

	
Cost·per·kWh

	
Subsidy per·kWh

	
Case Study (non-Residential)

	
Cost·per·kWh

	
Subsidy per·kWh






	
Residential a

	
0.0712

	
0.0299

	
Building b total

	
0.0724

	
0.0251




	
Residential b

	
0.0657

	
0.0299

	
Building a total

	
0.0724

	
0.0251




	
Residential c

	
0.0684

	
0.0262

	
Commercial and Industrial a

	
0.0649

	
0.0339




	
Residential d

	
0.0673

	
0.0227

	
Commercial and Industrial b

	
0.0563

	
0.0252




	
Residential e

	
0.0716

	
0.0153

	
Commercial and Industrial c

	
0.0833

	
0.0252




	
Building a average

	
0.0657

	
0.0299

	
University

	
0.0779

	
0.0252




	
Building b average

	
0.0684

	
0.0262

	
Justice Building

	
0.0779

	
0.0252
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Figure 1. Overall workflow of the proposed Methodology. 
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Figure 2. Map of the location of the case studies, Salta City. 
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Figure 3. General knowledge of the population about the renewable energies (RE) plan and new laws for promoting RE in the Province of Salta. 
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Figure 4. Interest in installing a photovoltaic system at home. 
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Figure 5. Monthly isolation per square meter and energy yield per kWp photovoltaics for the location of one of the case studies. 
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Figure 6. Levelized cost of electricity (LCOE) based on the total installation costs provided by local vendors and the international average costs for discount rates between 0% and 20%. 
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Figure 7. Calculated income and savings for residential case studies for PV system sizes accepted in the net-metering law. 
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Figure 8. Calculated income and savings for non-residential case studies for PV system sizes accepted in the net-metering law. 
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Figure 9. Net present value (NPV) for residential users for all provided total costs, system sizes and discount rates. 
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Figure 10. Internal rate of return (IRR) for residential case studies with the lowest (Residential a) and highest (Residential e) energy demand and four total installation costs. 
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Table 1. Actions proposed in collaborative work.
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General Strategy

	
Proposed Actions






	
Coordinated Inter-Institutional work

	
- Establish a mechanism agreed by involved institutions to define stages of support.




	
- Promote the regulation and control by professional organizations.




	
- Use energy saving education at all levels, from individual household to institutional levels.




	
RE promotion (regulation and new technologies)

	
- Advertise the laws and technologies massively (environmental awareness).




	
- Show people how to handle RE technologies.




	
- Promote solar thermal and PV energy.




	
- Promote other renewable sources and their combination (biomass, small hydro, etc.).




	
Specific economical guidelines

	
- Specially designed to create economic incentives to encourage households (link to regulation improvements).




	
- Promote subsidies for private households as well as small municipalities.




	
- Facilitate the importation of RE installation materials and supplies.










© 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons by Attribution (CC-BY) license (http://creativecommons.org/licenses/by/4.0/).







media/file4.png
Province Salt

P

Buenos Aires

»

h..

e city (population > 450.000)

Overview Argentina

1:65.000.000

)

500 1.000 km

ROSARIO DE LERMA

alta City

1:100.000

CAPITAL

2 Huayco Neighborho

7 Justice Building

LA CALDERA

National University of Salta

O1 La AI{dena Neighborhood

CERRILLOS

‘\ 3 Monoblock Salta
4 Downtown Building

W’l g

1 J5 Industry

GENERAL GUEMES






media/file18.png
asn 0aa't

Aasn 0aa't

asn oo0‘T

&

Osn o00'T asn ooo'T . asn 000°T

asn 0aa't

|
wn
—

!
3
#h

=]

I
—
L
o i R T

WACC

Wacc

WhCC

WACC

WaCC

WhCC

Residential_a

20

20

Residential ¢

20

3
Residential_b
PVl

%

]
Residential d

PVl

0
Residential e

2

"

%

"o kg

"o kg

1o kgt

"o k!

"o g

Building_a_average
PVl

19 g

Building_b_average
PVl

2

28

1okl

1

1

1

Aas a0o0’'T

asMn 000’1

Residential_a

']

- ?5"

—1585‘

Aasn a0o’'t

I e

Residential_b
PV2

! 90007
]
c
c—?S'
Ln s
T
0 2 19 ki
Residential ¢
0 T
]
C -
:—75'
W0
3] ) -.
-150 _________I_iu___
e 0 28 19 Kl
Residential d
PV2
0 W
Q
2
:—?5'
n
jul

10 k!

% B
Residential_e
PV2

k. -

g e e g
N B

Building_a_average
Pv2

19 ki

1

el e
U _H_—‘%E‘_hv'_’_____

Wace N 2 1 ki

Building_b_average
Pv2

I |

— o =
DU wn

Lo e PO

WACC o 7 1 kg

Residential_a

20
8
c
c=1J
n 2
D ey
-15 ,~ ——
O e 2 2 19 kgl .
Residential_b
PV3

FISI] oo L

WACC 0 ‘58' T k\'.'pw
Residential ¢
PV3
L
o
g
:_75
0
Msd
—_—
© e o o 19 ko !
Residential d
PV3
0
Q
c_
i
o
e o 19 kwd !
Residential_e
PV3
5
=}
G_
&
-
O e o 19 kgl :

Building_a_average
PV3

2ot R
¢ |
=715 :
n . .
: i o
-15 | a——
O e o 2 19 kgl :
Building_b_average
Py3
50
o
[#]

1
—
o

=13
&
(¥
=, e —

10 ko

=]

1

——
WACC 0 2

H
2150

Residential a
PV international_average

WaCC AR TR
Residential b

PV_international_average

01
0 e

WACC 0 5 2

Residential ¢
PV international average

9 kdd

2150l
c 275 {
B 0 1
—H__“——%______ i

0 ‘NACC ZD ZH

Residential_d
PV international average

19 kg

asn ooo'T

19 kg

WACC 3 i

Residential e
PV_international_average

asn o0a’'T
-
wn
M

1

WACC 0 w19 ko
Building_a_average
PV international_average

"o pdd

WACC -y
Building b average
PV_international_average

|

¢ 51

C‘UI

0

e P L





media/file13.png
1,000 USD

e Resi

g8
33

H
3
wla'n'cls

§
§F
1

E
§i¢
385538

ing_b_average

S S SN NN
CORNW AN NROORNW AN

W BUIOIN
COOOSOOOO0E00O000000S00O005S

-

5 6 7 8 9 1011 12 1






media/file9.png
KWh/m?

Solar energy per

g PV yield per kWp

quare meter |






media/file10.png
kWh /m?

250

) I

I Solar energy per square meter

| PV yield per kWp

200

—— SRS, S— APSSRNSIN: USSP, WEGSI. SRNISI. VRO N— ;”_.“””; ........... 1200

50 Bisnemass R ............. TR PR —- .............. ............. e

150

100

150

1 l l 1 D
Jun Jul Aug Sep Oct Nov Dec
Month

kWh/kWp





media/file5.png
100%






media/file15.png
375H idin t .
_— nga
3501 income Commercial_and_industrial_a
325 — Inco Cammerclal and mdusmal b
300H — © I
275}| — Income university
250 Income Justice_Building
Savings Building_b,_total
A 225K - - savings Building_a_total
S 200 - - savings Commercial_and_Industrial_a
8 175|| - - savings Commercial_and_industrial_b oz
150|| ~ - Savings Commercial_and_industrial_c =EE
~ - savings Universit
125 Savings Justice_Building g
75
50| =
25|
0 == H L i
10 19 28 37 46 64 73 91 100






media/file19.png
Resid

IRR

IRR

b
age
3 il 1 19 2 9
PV sytem sizes(
Resid
i L G I
— ional_average
[y
= —

13 15 a7 19
PV sytem sizes(kWp)






media/file14.png
1,000 USD
RPRRRRERRERFRFRFENNNNNINNN

L I | | |

1
— Income Residential_a
— Income Residential_b
— Income Residential_c
— Income Residential_d
— Income Residential_e .
—— Income Building_a_average E
— Income Building_b_average ]

Savings Residential_a
Savings Residential_b
Savings Residential_c
Savings Residential_d
- Savings Residential_e ;
Savings Building_a_average| :
Savings Building_b_average f

kWp





media/file6.png
100%

75%

RE plan

law Mo. 7823 promation law Mo. 7824 net

myes





nav.xhtml


  energies-09-00133


  
    		
      energies-09-00133
    


  




  





media/file11.png
USD/kWh

0.7 PV2 /
— PV3 ——
. o
- s
— L
=
—
_— "
a = ///
/////
— —
0.3 L I
o e P
L N -
— S
0.2 S
N s
0% 2% b 6 6 8% 9% 10% 11% 12% 13% 14% 15

WACC

% 16% 17% 18

% 19% 20%





media/file1.png
ECMWF Era-interim
reanalysis

1. Participatory
consultation

pe—s Giobal solar
(2. Case Studies) radiation
election

_'\\sl )

Temperature

/ \
/3. Technical PV PV Technical Local BV
| potential parameters vendors

/

\

(4. Economic PV\"

> PV Costs
|\ potential |

’ Economic
Recommendations {
indicators






media/file16.png
1,000 USD

375
350
325
300
275
250
225
200
175
150
125
100

| | | | | | | | | |
Income Building_b total [ . T TS . T
Income Building_a_total : f
Income Commercial_and_Industrial_a |~ A A
Income Commercial_and_Industrial b |- s o s [ ¢ s S o e s e s ¢ s s, D ]
Income ‘Commercial_ and INdustrial i€ [se s s s sobs voos soss s 2 R R R REEEEEEE T
Income University S s e s e e E T & B S S s s s s 5 ]
Income Justice_Building
Savings Building_b total [ P F . S T
Savings Building_a_total T S SR S s o = e g = ik D" i S e =
Savings Commercial_and_Industrial_a - »»»»»»»»»»»»»» »»»»»»»»»»»»»» --------------------------- g ot osacs oo
Savings Commercial_and_Industrial b|: 1 S e e g o s e e b o e T T
Savings Commercial_and_Industrial_c e i: g e
Savings University |- L~ S =‘t: """ = i P
Savings Justice Building [ ’,’,‘::’:;::__: R e i
: R B et gl R ST~ < s I e e e W B ]






media/file2.png
1. Participatory
consultation

=

/2. Case Stuclieﬁ'*.

Electricity
demand
data

Recommendations

— : |
~ Selection |

ECMWF Era-Interim
reanalysis

Giobal =olar
radiation

e
F ;
i

I'r H I-lll'
[ 3. Technical PV PV Technical Local PV

I'a potential | parameters vendors
,

.Il.l_ .-"-'_ _\"-._ _'.llll

]

/4. Economic PV

I'".. potential J

Economic

indicators






media/file20.png
0.15 1‘ | { ! { ! Resnd{entlals_a

010 Lt 7 -  — — —— S — —— T T A

B s — S— — —  S— .......... .......... .......... __________ __________ bt e — =

—0.05 ks mmml o s e s b S A T R e I S R s o S R SR B S e s

~0:10 S S SN NN NN TN S NS NN WS TN NN NS
1 3 5 7 9 155 K 13 15 17 19 21 23 25 21 29
PV sytem sizes(kWp)

0.15 ! ! ! ! ! ! Re5|d!ent|all_e

0| W N T — . — N . N W —

111
S

0.05

_005 et At e Sh T T ST SRR PEE EETTTPTRES CPPPTPTTE SEPTPETETES SRLTS

PPN [T (N N TS NS B T BN BN S N NN . S

PV sytem sizes(kWp)





media/file7.png
3% 2%

mhigh
mmedium
ulow

nfa






media/file12.png
USD/kWh

PV international average

........................................................................

BVl : 5 : : : : : 5 : : 5 : :
PV2 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
— PV3

0.1
0%

1
1%

1
2%

1
3%

1
4%

1
5%

|
6%

|
7%

1
8%

1
9%

1
10%
WACC

1
11%

1
12%

|
13%

1
14%

1
15%

1
16%

1
17%

|
18%

|
19%

20%





media/file3.png
Province Sal A LA CALDERA
2 Huayco Neighborhood,
Sueros es
National University of Salta
7 Justee Buldng
e

R N O1 3 mu\m R : GENERAL GUEMES,
OverviewArgentina , ., i

165000000 [y

Monoblock Sal

3 ta
CAPITAL Dvwkt;wn Building

2
o
=t

Industry

City CERRILLOS o
1100000





media/file17.png
Residential a Residential a Residential 3
) 2 w3

Residential a
P intemational average

MX?\ : T g T
R,‘:S\ﬂelma\ b Residential_b
w3
0
=15
“—156\ =
!
R&s\denlla\(
20
=75
Bt
s v L W o
Reswdenlral d Residential d Residential_d
w3 PV interational_average
z0 0]
L &n
S H
N %
b 5 o =
n wr Ty m Bk we 5w we Ty
Residential Residential e Residential_e Residential_e
[} m 45] PV_intemational average

15§ t

o DEEELE wn 9
Buﬂdmg Iz average Building b average Building_b average
w3 PV_international average






media/file8.png
3% 2%

mhigh
mmedium
o low

n/a






